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Venice, Energy, Brandt and politi 


Meetings of political leaders such as that w hich ended in Venice on 


-323 June are always risky for the participants. The chief risk is 
sar simply that they fail to agree on whatever it is they have chosen to 


talk about, the final communique says little more than that a 
meeting has taken place and doubts are cast on the value of high- 

level consultation as such. The seven Western politicians gather ed 
in Venice have avoided that risk. Their parting communique was 
at once more detailed and more constructive than for many a year. 
It remains to be seen, however, whether they will be able tc avoid 
the second hazard that faces summit-goers — that having agreed 
on something they go back home and discover there is nothing 
they can do to put flesh on the bones of what they have agreed. 

The chances of that happening are, unfortunately, all too real. H 
has, after all, taken a full seven years for the heads of government 
to come to the belated recognition, embodied in their 





communique from Venice, that something must be done about. 


the price of oil. 

The argument is familiar. Increasing OPEC prices have 
brought about the curious blend of inflation and deflation from 
which the industrialized nations of the West are suffering. It has 
also jeopardized the future of the developing countries, which 
must keep on borrowing from abroad in circumstances which 
must throw doubt on their capacity ever to repay their debts, and 
which certainly diminish the chances that they will be able again to 
move forward socially and economically. So, the Venice 
communique has it, the industrialized West must diminish its own 
dependence on OPEC oil, must aim at making its own industry 
more productive and must not be seduced by the blandishments of 
those who argue, on narrow national grounds, for more con- 
straints on international trade. In short, the major industrialized 
states appear belatedly to have recognized where their true 
economic interests lie, and have also made more than a passing 
acknowledgement of the still more serious problems of the 
developing countries, most recently and cogently described by the 
Brandt Commission (Nature, 21 February). So far, so good. 

But why have the industrialized states not had the gumption to 
say all this before? That is a natural question to ask. In other less 
exalted contexts, in the Council of the International Energy 
Agency and the OECD for example, bits and pieces of the 
problem have been tackled. Why have the heads of government 
been so slow off the mark? The explication is not wholly 
creditable. It is only in the past year or so that all the governments 
represented in Venice have found themselves companions in 
misfortune. Both West Germany and Japan have found it 
possible for most of the past seven years to import oil and to pay 
the bills for it like men, without having to resort to their currency 
printing presses. It is also true that, during most of that time, 
several of the governments represented at Venice have been 
following economic policies that would have allowed inflation to 
bounce along at an alarming rate even if the price of oil had 
remained just a few dollars a barrel. The American, British and 
Italian governments have been the chief offenders. Readers of 
their communique from Venice must be forgiven the suspicion 
that some of the fine words are not backed by sufficient 
resolution. Some OPEC governments will complain, with justice, 
that the price of oil is being made a scapegoat for deeper ills. 

The same kind of scepticism will attach to what the 
communique says about the steps the governments have agreed 
upon to lessen their dependence on OPEC oil. As these things go, 
the Venice document is unusually specific, replete with words 
such as ‘‘base-load’’. Plainly the world’s leaders have been got at 





hy their technical people, which no doubt is why the civil servants 
of the West are convinced that Venice was a ‘‘suecess’’. And, of 
course, it is sensible enough that the West should forswear oil- 
burning power stations, thereby aveiding extra demand for 
imported oil for the following quarter of a century. But did 
anybody in Venice think of asking Mrs Thatcher, the British 
Prime Minister, why the British nationalized utility, the Central 
Electricity Generating Board, is still trying to complete the oib 
fired power station on the Isle of Grain{on the south bank of the 
Thames estuary) when the workforce of laggers (men who wrap 
insulation around pipes) has refused to work except at salaries 
which offend other workers (and their unions} on the site? The 
Venice declaration is also full of promises that there will be 
incentives, "where necessary’’ including fiscal incentives, to 
encourage the exploration for oil. Why, then, is the deregulation 
of United States oil prices not yet complete? Why has the British 
government just put up the tax on oil production in the North 
Sea? Why has the search for a way of taxing the “‘windfall 
profits” of the oil companies become the equivalent in the [980s 
of the spate of legislation against ‘‘monopolies”’ in the 1920s? 

The politicans at Venice can only blame themselves if some of 
their other specific declarations on energy policy provoke the 
same kind of disbelief. For the medium term, the declaration says, 
nuclear power, coal and conservation must bear the burden of 
helping to slacken external oil dependence. This, of course, has 
been clear for a decade. The trouble is that the governments at 
Venice have also known this to be the truth, but have mostly failed 
to make progress. The British government has only just emerged 
from what has been essentially a moratorium on decisions about 
nuclear power. (One ironical consequence is that British Nuclear 
Fuels Limited, which had wanted to build a prototype of a plant to 
vitrify nuclear waste as long ago as 1974, is now having to think of 
using a French process instead — see page 5.) In the United States, 
the Nuclear Regulatory Commission limps along with a stand-by 
chairman whose successor, soon to be appointed, is kely to be 
replaced again when the Administration changes. United States 
coal production, which President Nixon promised would reach 
800 million tons a year at least by 1980, remains only 600 million 
tons a year, largely because of the endless troubles about strip- 
mining projects. In Britain, the National Coal Board sül waits to 
know (after a public inquiry on the sabject} whether it will be 
allowed to exploit a profitable reserve of coal in the Vale of 
Belvoir. But these, alas, are only some of the ways in which per- 
formance has fallen behind precept in energy policy. What is to be 
done? 

Some intolerant souls, offended by this contrast, have been 
saying that the Venice governments should take the bull by the 
horns and ram what are undoubtedly sensible policies down the 
throats of their people. Quite apart from being a recipe for 
electoral disaster, such a course would risk throwing away the 
baby with the bathwater. The reason why if is important that the 
West should be freed from its dependence on OPEC oll is that 
money inflation is destroying valuable social institutions 
(educational systems, health care services, charitable institutions) 
while the accompanying deflation is hampering innovation. H 
would not however be acceptable that for the sake of being 
liberated from these economic shackles, people in supposedly 
democratic countries should be told from on high what to do and 
then required to put up with the consequences. Would the game 
then be worth the candle? Do not even self-styled and usually 
unqualified ecologists deserve a hearing? On nuclear power, there 
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are special reasons why the professional community has a special 
role to play in ridding the nuclear wrangle — it is not an honest 
debate — of mumbo jumbo. Here and elsewhere, however, the 
responsibility for getting things done lies also with governments. 
If higher (or even higher) energy taxes are thought necessary, it 1s 
for them to persuade their voters that the benefits will be 
worthwhile — the chance to remain citizens of progressive yet 
dynamic communities. If strip mines, or ordinary coal mines, or 
nuclear power plants, are necessary, governments have a duty to 
make sure that their people know what are the stakes — the 
avoidance of economic debacle, to put it at its mildest; at the other 
end of the spectrum, the avoidance of the much more serious 
trouble there would be bound to be if, say, Saudi Arabia were 
unable to produce 11 million barrels of oil each single day. 
Telling it like it is is unfortunately unfashionable. Signing 
communiques is easier. So too is making promises for the long 
term that become confused in voters’ minds with solutions to 
immediate problems. President Carter’s promise two years ago 
that 20 per cent of American energy production would come from 
the sun by the end of the century is of this kind. For the 
industrialized West, the question is not that of what the energy 
mix will be in the year 2000 but how to get from here to there. 
implicitly, that is what the heads of government at Venice said. 
They had better now tell their people even if, as a result, they 
suffer the traditional fate of the bearers of bad tidings. They 


might make their message more palatable by seeking more 
imaginative ways out of their present fix — by counterbalancing 
the rigged OPEC market in oil with their own free market 
(Nature, 12 May). This week, for what it is worth , the spot price at 
Rotterdam has fallen below that charged by some OPEC 
countries, which can only suggest that the price would fall even 
more quickly if the market were assured of a regular share of the 
West’s own oil production, 

Happily, however, Venice was not entirely a recitation of 
familiar platitudes. Habitually, the industrialized West has 
collectively been shy of saying much about it obligation to the 
developing countries of the world for fear of giving too many 
hostages to fortune. At Venice, they broke cautiously with pre- 
cedent and even went as far as to “welcome” the report of the 
Brandt Commission, promising to “study” its recommendations. 
They also undertook not to organize their policies on 
international trade in ways that would be harmful to the non-oil 
developing countries. That is as it should be, although it is 
doubtful whether the Venice signatories appreciate the magnitude 
of their undertaking; it implies nothing less than recreation of 
their industrial base at a time of perhaps indefinite recession. Such 
magnanimity will not come easily to the unemployed shoe- 
workers of New England or the unemployed workers of the 
British steel and motor car industries. Nor is there much hope that 
the industrialized West can share this burden with other states. 


Why bother with school examinations? 


LiKE Stratford-upon-Avon, the Changing of the Guard and the 
game of cricket, the British examination system is one of those 
characteristically British phenomena which the rest of the world 
knows it will never understand. Increasingly, the British are in the 
same plight. Now that the examinations season is at an end, when 
only the most diligent of those who have survived their recent 
trauma have begun preparing for the next, and when many of 
those responsible for assessing the gigantic paper output of the 
examination system have withdrawn temporarily from the real 
world, it may be safe to raise the question whether the system asa 
whole is worth preserving. The answer is not simple. Plainly the 
system cannot be entirely swept away but it is equally unthinkable 
that it should be preserved in its present form. 

The rules of the game are worth a little effort to understand, if 
only for the light that understanding may throw on what must 
surely be one of the most pathetic of human frailties — the belief 
that ordinary men and women in some stratum of the academic 
profession can reduce any other person’s quality to a number of 
some kind, usually between zero and 100. One of the curiosities of 
the recent proliferation of examinations in Britain is that in the 
1950s the country was riven into the camps of those who 
passionately held that it is possible by means of an examination to 
tell at the age of eleven whether a child should have an academic or 
grammar school education, and the camp of those who 
considered the eleven-plus examination to be unjust. In the end, 
the abolitionists more or less won the day, comprehensive schools 
were invented and for a time preoccupation with school 
examinations seemed to have been stilled. 

Alas, the wish to examine and to be examined has since 
reasserted itself with a vengeance. Increasing numbers of no 
doubt fond parents now subject their sons and daughters, often at 
the age of seven or eight, to the competitive examinations put up 
as hurdles by the fee-paying schools, knowing that their offspring 
will thereafter be graded once a year either by means of a number 
or, more elegantly, by a letter from the Greek alphabet, with 
pluses or minuses appended. For most British children, the first 
external yardstick comes at about 16, the age of O (which stands 
for Ordinary”) level, or alternatively of “CSE” (which stands 
for Certificate of Secondary Education). The word that echoes 
around the corridors of secondary education is that you cannot 
get a job unless you do reasonably well in one or other. 

In ancient days (but even now in Scotland) there used to be an 
examination called ‘*School Certificate” devised at least in part to 
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meet the entrance requirements of universities. Since entry to 
universities was in question, universities came to dominate the 
committees which administered these examinations. Knowing 
that not every university could run its own examinations board, 
the universities grouped themselves into consortia, of which there 
at present nine, and which now administer the O-level 
examinations and the A (for ‘‘Advanced’’) equivalents, literally 
used by most universities as a way of telling which students should 
be given a chance to study something serious. 

The problems of the sixteen-plus examination are 
unfortunately minor compared with those which crop up two 
years later. The rules of the game, in Britain, are that those 
wishing to find themselves a place in a university are required not 
merely to jump the hurdle of the O-level examinations but of 
A-level as well. They are, for practical purposes, required to elect 
two years in advance for what they will take an interest in at 
university, and then to prove (with the help of the school-teachers 
who happen to be around) that they can perform. Many 
youngsters rebel at choosing, but eventually are forced to toe the 
line. Others, no doubt, give up, or worse still find they have 
chosen wrongly. In all secondary schools, teaching A-level 
students is regarded as the pinacle of academic life (and in many 
schools it is quite remarkable how successfully the image of 
specialist can be created at sixteen or seventeen). 

if the charge against this part of the British educational system 
were merely that it is farcical, it might be allowed to continue. The 
truth is that it is actively harmful. It ensures that young people are 
too narrowly prepared for the academic life, and frequently have 
been forced at an early age to choose the wrong disciplines to 
follow, In justice, and in the national interest of the British, it 
would be better if A-level were to be abolished. Since, however, 
that will not happen overnight, it would serve the same purpose if 
A-level were to be subverted. The way in which this might be done 
is easy to identify. If only universities were once again to take 
responsibility for their student entry, and were to select say ten per 
cent of intending students by some quite different method — a 
scholastic aptitude test, an interview or some other indicator of 
performance — the result would be that lots of bright young 
people would be found to prefer that route. If selection for the 
people not taking A-level were a year earlier than for the rest, but 
if university courses were a year longer for the early ten per cent, 
there would at least be a chance to tell which way was the best. Is it 
not time that this was tried? 
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The Basel Institute for Immunology, 
founded in 1971 by Hoffman-La Roche, 
the Swiss pharmaceutical manufacturer, is 
soon to- have a new director, the 44-year- 
old chemist and geneticist Fritz Melchers. 
Dr Melchers, already a member of the 
institute, will take up his appolutment with 
effect from 1 October. 

Melchers will succeed Dr Niels Jerne, the 
first director, who has helped to give the 
institute its now outstanding reputation in 
basic immunology. During his tenure of 
the post, Jerne has also fought strongly for 
the independence | of the institute from the 
company which finances it, insisting on the 
freedom of the members of the institute 
(who’ have no other titles) to pursue 
whatever req ron appropriate, to 









research interests of ‘their parent company. 
Inevitably there is now some concern 
that the old arm’s: length policy will be 
changed. Melchers agreed on the telephone 
last week that his policy may be ‘‘more 
friendly” than that of Dr Jerne. The new 
director says, however, that he intends to 
maintain the role of the institute as a centre 
for fundamental research in immunology, 
cell biology and molecular genetics. 
Applied work will have no place at the 
institute, he says, and researchers will be 
completely free to publish their results. 
Melchers says that he would not have 
taken the job unless these conditions had 
been satisfied. The future of the institute 
has also been underwritten by the company 





“for a considerable period’’. The implic- 
ation is that the integrity of the research 


programme will not be compromised by 
short-term money problems. 

: The institute has a small tenured staff, 
but provides facilities for a much larger 
number of visiting scientists. 
originally set up by Roche for a limited 
period of ten years, although Jerne has said 
that Roche told him it would keep the 
institute going ‘‘so long as the Western 
world did not change drastically”. Jerne 
took this to mean that the laboratory 
would continue at least as long as the world 
took Valium, one of the company’s most 
successful products. 

Some change in the relationship between 
the institute and the company is 
nevertheless on the cards. Melchers said 
last week, for example, that the role of the 
scientific board of the institute, as well as 
the mechanism for providing scientific 
advice to Roche, are under consideration. 
The function of the board has been to 
advise the company on the scientific work 
of the institute and ‘‘all matters relevant 
thereto’*. Melchers said last week that “* 
want a board of independent scientists who 
will help in the exchange of ideas with the 
firm while maintaining the scientific 
-integrity of the institute”. The company, 
she said, “has a growing interest in 
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molecular biology and its applications’’, 
and correctly feels that the subject should 
be part of its research effort. Roche, said 
Melchers, spends a lot of money on the 
institute and deserves some return from it. 

This does not imply that the institute will 
become a wing of Hoffman-La Roche 
research, however, Melchers says, but 
rather that communications between the 
institute and the company should be 





New Basel director changes direction _ 


improved. He cites the setting up of a 
hybridoma research group at Roche with 
the institute’s help as an example of the 
improved communications he has in mind. 
One present member of the board, 
Avrion Mitchison of University College, 
London, greeted Melcher’s appointment 
with delight. “He is an able scientist, 
decisive, and can deal with the company.” 
Rebert Walgate 


Sitting-in in Spanish labs 


DEMONSTRATIONS of scientists are 
uncommon events, even in Spain. On 27 


. May, however, more than five hundred 


scientists of the research centres of the 


CSIC (Consejo Superior de Investi- 


gaciones Cientificas) marched through the 
streets of Madrid to the Ministry of 


Universities and Research in one of the 
‘most spectacular events in three weeks of 


protest by Spanish researchers. 

Hopes of a change in government policy 
towards science were aroused by the 
establishment of a democratic regime in 
Spain. The experience of the past three 
years has, however, been disappointing, 
despite some beneficial changes in the 
structure of the CSIC and universities. 

It now seems that the creation of the 
Ministry for Universities and Research has 
not brought the benefits expected. In fact, 
the 1980 budget for research has increased 
by only 7.2 per cent, a figure far below the 
inflation rate. As a consequence, financial 
support for research has decreased in real 
terms compared even with the past level. 

Thus the budget for one of the main 
sources of grants, Fondo Nacional de 
Ayuda a la Investigación (FNAI), was with- 
held for more than a year and afterwards 
fixed at only 2,500 million pesetas ($35 
million), one-eighth of the applications. 

This may be too late to avoid the inter- 
ruption of the research in certain cases. At 
the same time, another important source of 
support for research — the programme for 
predoctoral fellowships — has been cut by 
a half. This means that an average 
university may receive fewer than 30 
fellowships — and this at a time when 
unemployment among young graduates is 
reaching dramatic proportions. 

To add to these uncertainties, the 
abolition of the CSIC has been considered 
within the government and publicly 
discussed. A new Universities Bill (Ley de 
Autonomia Universitaria) has been 
presented unchanged to parliament in spite 
of criticism from many sections of the 
scientific and university communities. 

Against this background, the staff of the 
Institute of Astrophysics and the Experi- 


mental Station of El Zaidin in Granada 


recently decided to sit in as a protest against 
“the chaotic situation existing in the 
CSIC’’. A manifesto was issued 





i meeting in October. We regret the error. 


denouncing the worsening condition of 
Spanish research and proclaiming that the 
trouble stemmed from the absence of a 
coherent science policy, the inadequacy of 
the funding for research and the low 
salaries and lack of promotion for 
scientists and technicians. Shortly 
afterwards, a meeting was held in Madrid 
by scientists and technicians and that was 
followed by the demonstration ending at 
the Ministry for Universities and Research 
with the recepticn of a delegation by the 
minister. 

On 2 June, the minister attended the first 
session in Madrid of a National Congress 
on Science Policy after a request by the 
Association of Research Personnel, which 
consists mainly ef CSIC workers. In his 
speech, the minister acknowledged the 
absence of a science policy in Spain and 
conceded that the present situation was 
caused by the low level of funding. 

The day the Congress on Science Policy 
ended, the Ministry of Universities and 
Research issued astatement promising that 
the CSIC will not be dismantled but 
radically reorgamized. In another state- 
ment, the ministry announced the publica- 
tion of a White Paper on research and a 
Three-Year Plan for research. The 
publication of a White Paper was said to be 
imminent in August 1979, and a Three- 
Year Plan has already been promised for 
more than three vears. 

Pedro Puigdoménech 


Correction 
The report on 26 June of the views of the 
Astronomy IH Committee of the Science 
Research Council appears to be sub- 
stantially incorrect. The committee did 
not decide to ignore SRC policy on the 
appointment of postdoctoral fellows; 
did not offer advice to senior re- 
searchers on how best to deal with 
short-term appointments; and did not 
empower the Royal Astronomical 
| 





Society to act on its behalf. The position 
appears to be that the Astronomy H 
committee did discuss the problems of 
short-term appointments but post- 
poned a full-scale discussion until a 






Editor, Nature 


rasvaan) 








SN a tae arene SANE AAA HI TAAL Reo RHC ETT eT kraan a AN At l/h sre rr A Nerf a AA nena eet tater 


High-energy physics 


LEP leaps ahead 


THe European Centre for Nuclear 
Research (CERN) last week made a firm 
proposal to its 12 member states for a new 
accelerator to be built in the 1980s. The 
machine, called LEP, is a 30 km circum- 
ference ring for accelerating, storing and 
colliding very high energy beams of 
electrons. The proposal already bears the 
mark of CERN’s firebrand director- 
general-designate, German Professor 
Herwig Schopper: LEP is now cheaper 
than in any former design — 900 million 
Swiss francs (£235 million) compared with 
1100 million Swiss francs (£280 million). 

The scientific case for LEP is considered 
by high-energy physicists to be out- 
Standing, better than that for any 
accelerator since the early 1950s, when the 
Lawrence cyclotron was built to create 
what was then thought to be the quantum 
of the nuclear force-field — the pion. LEP, 
itis hoped, would produce the intermediate 
vector bosons, the Z° and the W* and W7, 
the predicted quanta of the Salam- 
Weinberg unified theory of the weak and 
electromagnetic interactions. Testing this 
theory is now recognized to be crucial. 
Success will give confidence to more 
ambitious attempts to construct unified 
field theories. Failure, however, would 
also be suggestive, 

CERN’s proposal is strictly for “LEP 
phase 1, which involves building a tunnel 
so large that ultimately beams of 130 GeV 
could be retained (more than enough to 
create W * ~~ WT pairs), while cutting back 
on accelerating cavities (which inject the 
energy into the beam). The result is that 
LEP phase | would reach 50 GeV per 
beam, enough to make the Z° and make 
the initial tests of the Salam-Weinberg 
theory. 

LEP phase | also cuts back on experi- 
mental facilities: only four of the possible 
eight experimental halls would be 
equipped. And it proposes a new injection 
system, which makes use of existing 
accelerators at CERN and eliminates the 
need for a large electron synchrotron, 
which would have been the biggest in the 
world, merely to inject electrons into LEP. 
In contrast, the intersecting storage rings, 
one of CERN’Ss greatest technical 
successes, will not now be needed for the 
electrons and will be devoted to experi- 
ments outside subnuclear physics. 

Professor Schopper, who is at present 
director of the German electron physics 
laboratory DESY near Hamburg, said this 
week that it was most important that the 
CERN Council had recommended that 
LEP be built out of CERN’s running 
budget rather than as a separate 
programme. A director has been appointed 
to act as LEP project leader, as soon as 
governments give approval; this is Dr 
Emilio Picasso, a prominent Italian 
physicist at CERN. The project leader, said 


Schopper, would be able to organize and 
draw on talent throughout CERN, for 
short and long periods, avoiding the career 
problems and inflexibility that would come 
with a new “LEP division”. ‘‘We will 
bring the work to the people’’, he said. 

The CERN Council has adopted a 
“firm” budget for 1981 of 596 million 
Swiss francs (£156 million), but this 
includes no provision for the construction 
of LEP. Schopper will propose a running 
budget which will include LEP in six 
months’ time: he expects it to be a little 
larger than the 1981 budget ‘‘but we are 
only talking of a per cent or two’’. CERN 
staff are now working on reducing the cost 
of individual LEP components. The level 
of the budget will determine not whether, 
but how fast, LEP can be built. 
@CERN’s 25-metre-square antiproton 
accumulator is to receive its first particles 
in the next few days — less than two years 
after the ground was first broken. The 
accumulator will be tested with protons, 
but the intention is to use it to reduce or 
“cool” the transverse motions of anti- 
protons created in proton-target collisions. 
The antiprotons, a few per collision, will be 
accumulated and then injected into the 400 
GeV super proton synchrotron counter- 
current to the SPS proton beam. 

Robert Walgate 


Radioactive waste 


Polite debate 


A first attempt by the UK National 
Radiological Protection Board and the 
British Association for the Advancement 
of Science to stimulate public discussion on 
the problems of radioactive waste manage- 
ment was a damp squib. A meeting they 


organized on 18 May, attended by inter- 


ested parties in the nuclear industry, 
government agencies and the anti-nuclear 
groups, did little to uncover the detailed 
technical problems. 

Part of the reason for the low key in 
which the meeting was conducted appears 
to have been the decision of the British 
authorities that, even with the new nuclear 
programme, fresh arrangements for long- 
term disposal will not be needed until the 
end of the century. 

Both intermediate and high-level waste 
have been stored at Windscale for 25 years 
and could sit there for many more without 
the authorities becoming unduly bothered. 
If anything, the intermediate waste is a 
more urgent problem — it accumulates 
fairly rapidly and storage facilities are 
costly. High-level waste disposal is 
nevertheless receiving most attention. Out 
of a total waste management research 
budget of £25 million, the UK expects to 
spend more than £10 million this year on 
one method of treating high-level waste: 
the HARVEST vitrification process which 
has been under development by the UK 
Atomic Energy Authority since the late 
1950s. The British government plans a 
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prototype vitrification plant operating at 
Windscale by 1990 if the go-ahead for the 
plant can be given some time this year. 

The decision for British Nuclear Fuels, 
which runs Windscale, will not be easy, 
however; it will have to choose between its 
own HARVEST process and the French 
equivalent (AVM) which has been 
Operating commercially since 1978. 
Officials are keen to point out that a 
decision to opt for AVM would not mean 
the end of HARVEST, which should be 
kept going to keep later options open. 

The government plans to start producing 
vitrified high-level waste by the early 1990s 
for several years’ storage and then final 
disposal in some sort of demonstration 
facility at the end of the century. There are 
three options for final disposal — on or 
under the ocean bed or in deep geological 
structures. 

The Radioactive Waste Advisory Com- 
mittee, a group of independent advisers, 
recommended in its first annual report, 
published earlier this year, that research on 
the first two options should be increased. 

~The most promising option seems to be 
disposal in deep geological structures . The 
government programme of test-drilling in 
various rock formations throughout the 
country, however, has excited considerable 
public opposition. The UK Atomic Energy 
Authority, which started the programme 
now under the aegis of the Department of 
the Environment, has so far been able to 
drill boreholes at only one site in Scotland. 

Planning permission for three others has 
been refused and the authority is awaiting 
the results of appeals. The Institute of 
Geological Sciences is now making prelimi- 
nary surveys of about fifteen other sites for 
the Department of the Environment in the 
hope of drilling at some of them fairly 
soon. 





Judy Redfearn 
Russian language 


Finns struggling 


Recent cutbacks in university Russian 
departments, the falling off in the numbers 
of school-children sitting for Russian 
Advanced-level examinations in secondary 
schools and the virtually overnight decision 
to close down the Russian department of 
the University of Lancaster have caused 
considerable concern in British academic 
circles. Very different, one might think, the 
situation in Finland, where a recent report 
of the Ministry of Education urged sub- 
stantial increases in the teaching of Russian. 

According to a memorandum submitted 
last month to the Minister of Education, 
Paer Stenbaeck, at least one group of 
students is however at risk. The 
memorandum, drawn up jointly by the 
Finland-USSR Society and the Fund for 
the Promotion of the Study of the Russian 
language claims that a ‘‘worsening”’ of the 
position of Russian language teaching in 
Finnish secondary schools could be a 
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serious handicap to university students 
reading mathematics and science. 

The report sets a target that 30 per cent of 
the active population (people between 20 
and 63) should have a knowledge of 
Russian — thus giving Russian, for the first 
time, parity with German in importance as 
a means of international communication. 

Language study in Finnish schools is 
complicated by the existence of two 
national languages — Finnish and Swedish 
-— one of which has virtually no use and the 
other only limited use as a means of inter- 
national communication, 

According to the new proposals, all 
school-children must learn one foreign 
language (at present this is usually English) 
and the ‘‘other national language” 
(Swedish for Finnish-speakers and 
conversely). Study of a third Beco iS 








children learn Russian as 
and 6.2 per cent as their 
~The committee’s 
recommendation of a 30 per cent Russian- 
speaking “active population” seems, 
therefore, an improvement. Their 
recommendations, however, refer to the 
whole range of language teaching — 
including, for example, 
secretarial courses. The ‘‘pro-Russian’’ 
lobby maintains that the school timetable is 
now sO overburdened that few science- 
orientated students will be able to fit in a 
third optional language and will, 
accordingly, have no access to Russian 
scientific literature. 

To the present generation of Finnish 
scientists, however, a lack of knowledge of 
Russian seems no particular burden. They 
use the cover-to-cover English-language 
translations of Soviet journals, and have 


little need, they say, for spoken Russian as 


a medium of scientific communication. 
Vera Rich 


Experimental animals 


Lab invaded 


The UK Agricultural Research Council’s 
Institute of Animal Physiology at 
Babraham, near Cambridge, has lived 
under threat of physical attack by anti- 
vivisectionists for several years. Last 
weekend the expected happened when a 
group of demonstrators forced their way 
into administrative buildings and 
laboratories housing animals. One object 
of the invasion was apparently to photo- 
graph animals in the laboratory. 

The cost of the damage is small — no 
scientific experiments were tampered with. 
Preliminary estimates put it at a few 
hundred pounds. But, says the ARC 
statement, the noise of the break-in and the 
flashing bulbs of cameras must have caused 
alarm to the animals, which are 


<x accustomed to good treatment. 
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business and 


After some reports in the press earlier 

this week, the ARC also said that neither 
‘outsize’? goats nor crossbreeds between 

goats and horses are kept at Babraham. 
Some demonstrators questioned on the site 
were apparently under the misapprehen- 
sion that toxicity tests with cosmetics and 
Cigarettes were being carried out. 

The Institute of Animal Physiology has 
been a focus for the anti-vivisectionists for 
some time. The institute has pointed out 
before that all experiments done there are 
subject to licensing by the Home Office 
and are not exceptional in that similar 
experiments take place in other 
laboratories. Judy Redfearn 


Whaling quotas 
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More wrangling 


The 1980 general meeting of the 
International Whaling Commission at 
Brighton on 21-26 July will have on its 
agenda a call for a total moratorium on 
whaling. This is the third time that the issue 
has been raised; on previous occasions, 
however (1972 and 1979), the motion was 
amended to one for selective moratoria. 
This year, the proposal for a total 
moratorium is tabled, inter alia, by France, 
the Netherlands and the United States, and 
is felt to have an even chance of success. 

As in previous years, defeat or 
amendment of the motion would probably 
result not from a change of heart by the 
pro-moratorium lobby but from a feeling 
that adoption of such a motion would push 
anti-moratorium countries out of the 
convention and therefore beyond inter- 
national control. 

The way in which the argument at 
Brighton 1s likely to go can be told from 
what opponents of a total moratorium are 
saying in advance. One of the strongest 
opponents of a total moratorium, the 
Soviet Union, recently made its position 


clear in an Engish-language broadcast on 


Moscow radio. Calis for a total 
moratorium, said commentator Boris 


Belitskii, have no ecological basis, but are 
based on emotoonal attitudes encouraged 
in some quarters for political reasons. ` 
The English-language broadcast added 
that in the case of really endangered species 
and in certain limited areas the Soviet 
Union has cut back its whaling 
considerably. (in the case of the baleen 
whales of the Sea of Okhotsk, a 2-year total 
ban has restored the population from the 
verge of extinction.) The broadcast went 
on to say that, over the past few years, the 
Soviet Union has closed down on-shore 
whaling factories and has disbanded the 
whaling fleet based on the Baltic port af 
Kaliningrad, dispersing the ships to marine 
and ichthyological research. | 








At present, Soviet whaling operation are | 





said to be based on Vladivostok, and 
two flotillas, with mother ships Sovetskaya 
Rossiya and Sovetskaya Ukraina, carry the 
necessary international observers as well as 
Soviet marine ecologists. 

Rhetoric apart, the Soviet Union and 
other anti-moratorium countries such as 
Japan appear to have a certain case: they 
joined, they say,.a whaling” commission 
(to control and maintain the industry) not 
an ‘‘anti-whaling’’ commission. 

There has been considerable speculation 
that, should the pro-moratortum 
advocates carry the day at Brighton, the 
Soviet Union and Japan might set upariva! 
commission of their own. Already the two 
countries have had some bilateral! 
cooperation over quotas. 

When, last year, the Soviet Union 
accepted the [WC’s decision for a partial 
moratorium, in which fishing from factory 
ships would be confined to minke whales, it 
implemented this decision by ceding to 
Japan its North Pacific quota of 230 brvde 
whales in return for 300 of the less valuable 
minke whales from Japan's u in the 
Antarctic. Vera Rich 
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Big science 


German doubts 


West Germany is in the process of 
reviewing ten major scientific projects 
which would cost more than £500 million if 
all were funded now. They range from a 
continental deep drilling project which 
would reach the Mohorovic discontinuity 
at a cost of £30-75 million per hole to the 
possible commitment to the European 
proposal to build a large electron-positron 
ring (LEP) at CERN, Geneva at an 
estimated cost to Germany of £90 million. 

The German research ministry, the 
BMFT, has set up an ad hoc committee of 
seven distinguished scientists and one 
journalist (to give ‘‘the people’s view’’) 
which has already begun taking evidence. 
The cases have been heard for LEP, HERA 
(an electron-proton ring proposed for the 
DESY laboratory near Hamburg) and a 
relativistic heavy ion accelerator (10 GeV 
per nucleon) for the nuclear laboratory 
GSI at Darmstadt. 

The chairman of the committee, 
Professor Klaus Pinkau of the Max- 
Pianck-Institute fiir Physik und 
Astrophysik, Munich, said last week that 
he would make ‘‘a brave attempt” to finish 
all the hearings before August; the 
committee’s views are not requested before 
mid-1981, but the sooner they are received 
by the new government after the October 
1980 general elections, the more likely they 
are to affect policy, Pinkau believes. 

It is not possible, says Pinkau, to makea 
linear list of priorities through the projects; 
rather the committee must ‘‘model a 
research landscape’’. The committee has 
been given no financial guidelines, so that it 
will be “ʻa piece of artistry’’ to work out 
what the government can afford. Pinkau 
sees the committee as one lying between 
scientists and government rather than a 


ments among the projects on their merits, 
and then turn around and plead with 
government on behalf of those it supports. 

Despite the strength of the German 
economy and the scale of the package of 
proposals now being reviewed, financial 
pressures are now making themselves felt. 
Recently, the minister for universities, Dr J 
Schmude, said in a speech at the Deutches 
Forschungs Gemeinschaft (which funds 
most German university research) that 
scientists would have to be prepared to 
spend less. The national budget is being 
pressed by the world recession, the 
increasing defence budget and an increased 
contribution to the European Community 
budget to offset Britain’s soon-to-be- 
reduced subscription as negotiated by Mrs 
Margaret Thatcher. ‘‘Research won’t be 
exempted” from the cuts to come, said 
Pinkau. 

One result will probably be that the 
biggest projects on the list will not be 
funded simultaneously. And the most 
direct conflict now seems to be between 
HERA (for Hamburg) and the relativistic 
heavy ion accelerator (for Darmstadt). 
LEP is an international project which 
would be paid for if the current budget for 
CERN at Geneva can be maintained at 
something like its present level. Germany 
has said that, on terms like these, it will not 
object. 

HERA (electron-proton) and GSI 
(relativistic nuclei) are, however, both 
national projects in closely adjacent fields. 
HERA would probe the structure of the 
proton and the quark, and the GSI device 
would create, for example, regions of 
extreme nuclear density which in principle 
could simulate neutron star conditions 
(although it would be difficult to extract 
the relevant information from the experi- 
ments). And, said Pinkau cryptically, ‘‘one 
should be aware that DESY’’, where 
HERA would go ‘‘is an internationally 


part of government: it will make judge- important laboratory”. Robert Walgate 
Major projects under review 
Cost 
(million DM)* Timescale (yr) Proposer 
Spallation neutron 400-570 8-15 Karlsruhe and 
source Julich 
BER If reactor 47 2 Hahn-Meitner Inst., 
improvement Berlin 
Relativistic heavy 190 6 Darmstadt 
ion accelerator 
Superconducting nuclear a) 44 4-6 a) Julich 
cyclotron, 250-300 MeV b) 33 b) Technical Univ., 
per nucleon Munich 
fon beam fusion 100 5 Karlsruhe; proposal 
accelerator withdrawn 
LEP 350 (for Germany) 6-8 CERN, Geneva 
HERA 600 7 DESY, Hamburg 
European synchrotron 100-230 5 European Science 
radiation source Foundation 
Research vessel 75 2 DFG; to replace 
‘Meteor’ 
Continental deep 120-300 1-5 DFG; price is 
drilling per hole 


* £1 sterling =4.14 DM 
0628.9836/80/270007-02$0 1.00 
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Soviet claims 


On at least two occasions in the past 
month, the foreign services of Moscow 
Radio have put forward the startling claim 
that a team of geneticists at the Institute of 
Genetics and Cytology of the Byelorussian 
Academy of Sciences in Minsk have 
succeeded in manipulating the symbiotic 
bacteria of cereals to yield nitrogen-fixing 
properties. 

The claimed success is surprising, 
especially because Minsk has no particular 
renown as a centre for genetic engineering, 
and even the most prestigious of the 
Comecon molecular biological establish- 
ments — Szeged — admits that its own 
work in this field still has a very long way to 
go. There is, however, a possibility that the 
reported discovery was not made at Minsk 
at all. 

Indeed, the claim seems to be based ona 
paper by a team headed by M.A. Troicki 
entitled ‘‘Nitrogen fixing activity of 
hybrids between Bacillus oligonitrophilus 
and E. col?’ (Viesci Akademii Navuk 
BSSR, Serija Bijalahicnych navuk, 3, 
1980). This describes a fairly routine pro- 
cedure — nitrogen-fixing hybrids of E. coli 
with soil bacteria were produced at the 
University of Sussex nitrogen fixation unit 
as early as 1972, and the only novelty seems 
to be the use of B. oligonitrophilus, aname 
unknown to Western taxonomy, but which 
Troicki ef al. state that they themselves 
isolated from the soil. 

The authors themselves claim merely to 
have demonstrated the possibility of trans- 
ferring nitrogen fixation genes from B. 
oligonitrophilus to E. coli, although the 
fact that their paper was published in 
Russian, whereas previous papers had 
appeared in Byelorussian, may suggest that 
they felt it merited All-Union rather than 
local attention. 

Why, then, did TASS make such inflated 
claims? It is possible that the TASS science 
commentators simply misunderstood the 
paper, though it is difficult to see how they 
could do so, since Troicki’s team does not 
mention cereal crops at all — the work 
reported relates to nitrogen fixation in 
vitro, It is not impossible, however, that 
the claim, coming at this particular time, 
has political overtones. 

The first announcement was made on 28 
May. The following day, Pravda published 
a major article on the Warsaw conference 
of the Warsaw Pact states entitled 
‘*Disarmament: Real Measures are 
Possible”. Ostensibly an appeal for 
military detente, it contained claims that 
the United Kingdom and the United States 
are stepping up work on bacteriological 
weapons. In particular, said Pravda, the 
United States is working on ‘‘ethnic 
viruses’’ — bacteriological weapons which 
would selectively attack members of 
particular races or ethnic groups. 

The case is cited of a black American, Eli 
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Mayji, who allegedly developed a throat 
tumour after working as a guard at a secret 
US naval installation at West Oakland, 
where, it was alleged, Rift Valley Fever, 
which causes inflammation and malignant 
tumours, was used as a basis for an 
‘ethnic’? weapon. 

Such allegations are not entirely new. 
Reports of alleged research on an ‘‘ethnic 
bomb” and other bacteriological weapons 
were put out by Soviet radio in 1978 
{apparently in connection with the Robert 
. Toth affair) and again earlier this year, to 

“counter Western intelligence reports of a 
fatal epidemic in April 1979 emanating 
from a Soviet military bacteriological 
research station outside Sverdlovsk. 
(Soviet official sources said the incident 
was a natural outbreak of anthrax.) 

Hitherto, the specific bugbear of a US 
“ethnic? killer has been restricted to 
transmissions on ‘‘Radio Peace and 
Progress’’, the Soviet service beamed to the 
Third World. The appearance of such 
charges in Pravda, the leading Party 

newspaper, is a new. departure. 

Vera Rich 


Dioxin 


ASTMS says no 


The UK Health and Safety Executive came 
in for some sharp criticism last week from 
the Association of Scientific, Technical 
and Managerial Staffs (ASTMS). The 
union, with a strong following among 
scientists, accused the HSE of being 
‘sluggish and ineffective” in its handling 
of the case of workers exposed to dioxin 
during an explosion at the Derbyshire plant 
of the Coalite and Chemical Products 
Company in 1968 (Nature, 6 March). 

In 1976, after a similar accident at 
Seveso, Italy, the Employment Medical 
Advisory Service of the HSE persuaded the 


Coalite company to carry out studies of the 


workers exposed in the accident. Full 
reports of those studies, however, were not 
released to the HSE until last April in spite 
of several previous requests from the 
medical advisory service for all the 
information available. 

In its document “‘Report on Coalite 
Chemicals”, published last week, ASTMS 
criticizes the advisory service for not 
pressing harder for the earlier release of the 
studies. Results published in The Lancet 
early last year, it says, were sufficiently at 
variance with a summary of the studies 
released by the company to have persuaded 
the HSE to invoke its powers to secure the 
information. The HSE, however, says that 
increasing its pressure on the company 
would almost certainly have involved a 
lengthy legal case. Since manufacture of 
2,4,5-T, of which dioxin is a contaminant, 
had already stopped at Coalite — indeed 
everywhere in the UK — the HSE did not 


consider release of the reports as its first. 


priority, preferring instead to concentrate 
on current hazards. 
The ASTMS document is also critical of 
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the way in which Coalite conducted the 
studies. There was no properly matched 
control and not all the exposed workers 
were included, which means, says ASTMS, 
that little weight can be attached to the 
interpretation of the results. 

The HSE is a little peeved that ASTMS 
appears to put the blame for these 
inadequacies on its shoulders, holding that 
Coalite must be held responsible. Both 
ASTMS and the HSE are agreed, however, 
that further studies need to be done. 
ASTMS is suggesting that they be carried 
out independently of Coalite and the 
advisory service under a joint union- 
steering committee. The advisory service is 
however persuading Coalite to re-do the 
studies, this time under tighter control. 

Another specific point which ASTMS 
takes up is the lack of union participation 
at two key meetings. One was held last 
November to discuss the occurrence of 
chloracne, the disfiguring skin disease 
caused by dioxin and some other related 
chemicals, at three companies — Coalite, 
Stavely Chemicals and Monsanto in South 
Wales. According to ASTMS, the TUC 
medical adviser had pressed for union 
involvement in this meeting throughout 
1979, but after some delay the HSE group 
finally decided that the meeting should be 
for ‘‘doctors only”. The second meeting 
was held on | May between the advisory 
service and the Coalite workforce and 
management to discuss the preliminary 
assessment of the studies. ASTMS com- 
plains that the first it knew of the meeting 
was from that day’s Nature. 

All in all, ASTMS now says it has lost 
confidence in the HSE to make sure that 
sensible studies on workers are carried out. 


‘It asks that the HSE should compile a full 


report for the unions of the extent of recent 
contact with chloracnegenic chemicals, 
that the TUC and the HSE should draw up 
guidelines for union involvement in future 
studies of workers and that they should 
discuss what to do now about Coalite. 

In the midst of these specific criticisms, 
the ASTMS document says that it is 
important not to lose sight of the most 
important issue, that of the inherent 
dangers of dioxin and the herbicide 
2,4,5-T. It has now joined the growing 
group of unions calling for a complete ban 
on import into and use of the chemical in 
the UK. The most important thing, says 
Clive Jenkins, president of ASTMS, is to 
‘*get rid of the stuff’’. Judy Redfearn 


Arctic voyage 


Swedes set out 


Stockholm 

The Swedish icebreaker “Ymer” sailed 
for the Arctic on 24 June on an expedition 
which has been delayed for more than a 
year because of Russian sensitivities about 
the strategic importance of the Arctic 
Ocean. When the ship left last week, it 
carried a team of biologists; it will return 
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later in the summer to pick upa group of 
earth scientists. 

The expedition was originally saina fo 
celebrate the centenary of the first cir- 
cumnavigation in 1897 of Europe and Asia 
by the Swedish explorer Adolf Erik 
Nordenskiöld, who began his voyage Dy 
sailing from the Atlantic to the Pacific 
along the Siberian coast, through the 
Northwest Passage. The original plan had 
been to retrace this route as far as the 
Bering Strait, and then to circumnavigate 
the Arctic Ocean. 

Permission was asked of the Russian 
authorities to sail along the Siberian coast 
and to take sediment cores from the con- 
tinental shelf there. Although the Swedish 
Prime Minister Falldin took up the matter 
with Mr Kosygin, the Russians never 
replied. Reconciling themselves to Russian 
views about the strategic importance of the 
area, the Swedes changed their route. 

Under the revised pian, the “Ymer” will 
sail through the northern Barents Sea, the 
deep ocean north and northeast of 
Spitsbergen, the sea between Spitsbergen 
and Greenland and the waters off northern 
Greenland, some never sailed before. The 
research is being financed by the Natural 
Sciences Research Council, and wil 
involve about 80 scientists from eight 
countries, 

One of the chief objectives will be to tell 
to what extent the Arctic is polluted. An 
increase of the lead content of Greenland 
snow and ferns has been recorded after the 
introduction of bigh octane petro! in the 
USA; but the origins and extent of other 
pollutants (aerosols, gases and particles} in 
the Arctic atmosphere, are not known. 
Atmospheric pollution may however affect 
the delicate radiation balance of the Arctic, 
which could in turn affect climate in 
neighbouring latitudes. 

The expedition also plans to investigate 
the cooling during the Arctic summer of 
the lower atmosphere under the influence 
of the ice-pack. The formation of stratus 
clouds is thought to influence radiation 
balance and thus the climate. 

The Arctic climate is also affected by the 
movement of huge bodies of water. Large 
amounts of warm, salty Atlantic water 
flow north along the west coast of 
Spitsbergen to the Arctic Ocean, while a 
mass of cold and less saline Arctic water 
flows south along the east coast of Green- 
land. Oceanographers with the expedition 
will collect information on temperature, 
salinity and currents down to great depths. 
They will be able to trace water movements 
in the Arctic basin by measuring concen- 
trations of radioactive pollutants from the 
reprocessing plant at Windscale in the UK. 

The expedition hopes to be able to 
determine the extent of the Quaternary ice 
sheet in the European Arctic, From earlier 
expeditions to the area, glaciologists think 
that an earlier Arctic ice sheet reached the 
Barents Sea, but they have not yet been 
able to tell whether it was ever joined to the 
Scandinavian ice sheet. Wendy Barnaby 
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Mr Arthur 
Frank 


Six, — The implications in Judy Redfearn’s 
article (29 May) must not be allowed to pass 
unchallenged. I cannot speak for other 
directors but I trust that you will correct some 
of the misconceptions in the piece insofar as 
they may be thought to apply to Mr Frank’s 
relations with the National Army Museum. 

Three years ago he presented 80 optical and 
other instruments used by the British Army. 
They came free of any charges or conditions. 
This year the museum again benefited from 
Mr Frank’s generosity when we received 
another 33 instruments, The second series 
came with the painless condition that they are 
on loan until such time as they can be put on 
display. They will then become the inalienable 
property of the museum, an invaluable 
addition to a section of the museum's 
collections which was extremely weak. 

The caption ‘‘Arthur Frank with his 
instruments: gift horse or salesman?” is as 
unjust as it is clumsy. It is misleading, 
offensive and unworthy of a journal of the 
standing rightly enjoyed by Nature. 

Yours faithfully 
WILLIAM REID 
National Army Museum, 
London SW3, UK 


Book prices again 


Sirk,-- Dr Brindley (12 June) points out that 
paperbacks are published, on the average, at 
less than half the selling price of the cloth 
edition of the same title. He suggests that 
publishers of scientific books should make 
paperbacks more widely available to increase 
sales and perhaps profits. 

The actual difference in cost between 
producing a paperback and cloth edition is 
about 65p for a book of 300 pages. What most 
publishers do is to subsidise the paperback 
edition by overpricing the cloth edition; this 
also happens in the pricing of journals where 
libraries have to pay an inflated rate which 
subsidises the cost of supplying copies to 
members. It should be understood, therefore, 
that where there is a dual edition the 
paperback is made available to individuals at 
an artificially low price at the expense of 
libraries. There is a strong feeling among 
publishers that this is just as most libraries are 
sül allowing widespread photocopying which 
must reduce sales. 

Yours faithfully, 
ROBERT CAMPBELL 
Black well Scientific Publications Ltd., 
Oxford, UK 





Sik, -— The comparison of typical paperback 
and hardback book prices tabulated by G W 
Brindley (12 June) is illuminating, but I could 
hardly disagree more strongly with the 
conclusion which he draws from these data. 
The fact that paperback editions are usually 
much cheaper does not necessarily imply that 
it would be in the public interest for them to 
be made yet more widely available. It would 
surely be infinitely preferable to persuade 
publishers to adopt a pricing policy which 
oe reflected the difference in unit costs 
{ca £1-£3) of the two types of binding. 

An alternative way of looking at G W 
Brindley’s figures is to work out, in each case, 
the publisher's pretended costs incurred in 
providing hard covers as opposed to paper: the 
booby prize clearly falls to Elsevier, who seek 
to extort from the unfortunate purchaser an 
astounding $45.75, merely for putting covers 
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on their Practical methods in electron 
microscopy, followed by U California Press 
who price the covers of Mezozoic mammals at 
an almost equally surprising £15.25. It is 
admittedly unfair to make this sort of 
comparison without taking proper account of 
the comparative length, page size, quality and 
so on of the books in question; but this hardly 
alters the central conclusion, which is that the 
alleged cost of hard covers bears remarkably 
little relation to reality. 

The explanation, one is told, lies in the 
publishers’ naive belief that libraries will 
always purchase hardback editions, virtually 
regardless of cost, so that profits can 
supposedly be maximised by raising the 
hardback prices to increasingly absurd levels. 
The ordinary reader is then offered an edition 
identical in every respect except that it is 
bound between paper covers and carries a 
rather more realistic price tag. The fact that he 
or she would often prefer to pay an extra 
pound or so in order to gain the durability and 
convenience provided by a hard cover, is 
conveniently ignored, 

There appears to be little justification for 
this abominable practice, which is a continuing 
source of despair for bibliophiles and of 
frustration for practising scientists. It is surely © 
high time that it was brought to an end. Is 
there really no hope of persuading publishers 
to move back towards a pricing policy showing 
some degree of sensitivity towards the interests 
of ordinary book buyers? 

Yours faithfully 
P V E MeCuintock 
Physics Department 
University of Lancaster, UK 


Parkinson extended 


Sir, — In his letter ‘Expanding on 
Parkinson’s law’’ R. Moss produces the 
relations /,,= W2/A + A where 1 is the 
workload of a single administrator, W is the 
number of productive workers and A the 
number of administrators, for the most 
advanced state of any organisation. He then 
suggests that this relationship will lead toa 
limiting ratio of one administrator for each 
productive worker. Under some conditions, 
however, the relationship gives rise to a 
bureaucracy which expands without limit. 

The workload of a single administrator, /,,, 
falls to 2W as AW and increases thereafter. 
If the objective of the chief administrator is to 
minimise /,. the number of administrators will 
tend to W, but this will not be the case if 
instead the chief administrator seeks to 
increase the number of administrators until 
some aspiration level O is reached. If O is 
greater than 2M, recruitment will slow down 
before the Moss ratio is reached. If, on the 
other hand, O is less than 2W’, the individual 
workload of an administrator will never reach 
the aspiration level, no matter how many 
administrators are employed, and recruitment 
will proceed at an ever more furious pace as 
more administrators are needed to meet the 
demands of an ever-increasing workload. Even 
if the chief administrator does attempt to 
minimise individual workloads, should the 
number of administrators ever exceed the 
number of productive workers the chief 
administrator will find himself appointing still 
more administrators in an attempt to regain 
his previous workloads. 

The Moss ratio can thus be envisaged not as 
a limit on the number of administrators but as 
an event horizon beyond which a bureaucracy 
is doomed to expand ever more rapidly in an 
attempt to cope with the ever-increasing flow 
of minutes and memoranda generated within 
its own bounds. Ultimately it is unable to cope 
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veritable black hole of forms and minutes. 
Yours faithfully 
J.C. THORPE 
Physics Department, 
Manchester Polytechnic, 
Manchester, UK. 


Ethnographic DNA 


SiR- Several of the articles in your issue of 26 
June note that both confusion and 
entertainment can be had by considering DNA 
as selfish, ignorant or, indeed, both. Perhaps 
these terms are not so much anthromorphic as 
ethological. Competing DNA molecules are, 
after all, made up of four main nucleotides, 
the deoxyribonucleotides of that famous 
intratribal totem sub-group A,T,C and G. We 
know from previous analysis of intra-tribal 
totem preferences that totem clan A is 
matched by totem clan T, and so is totem clan 
G with C. Commonly called base-pairing, it is 
of course fully understood that neither a moral 
imputation is implied by base, nor sexual by 
pairing. 

We have yet to learn what resources 
competing DNA molecules had 
thermodynamically to writhe over, but it may 
very well be that the totems of A,T,C and G 
hold secrets. For example, codons with their 
middle base T preferentially code amino acids 
with polar side chains, while those with A as 
centre base in the triplet preferentially code 
non-polar side-chain amino acids. There 
appears litle bias towards polar or non-polar 
by codons with C or G as the triplet centre!. 
Closer inspection reveals that A is replete with 
two amino groups and T with two hydroxy 
groups on the base nucleus; G has an amino 
and a hydroxy, so does C. As Kipling noted, 
there are 99 ways of making tribal lays — but 
in this tribe why should a totem of -NH3 mean 
non polar coding, and -OH polar? What 
happens to totem loyalties when -NH> and 
-OH are paired, in C and G? The strong totem 
preference is annulled — are we seeing cultural 
impoverishment by mere group composition? 

Since it appears that we have no answers to 
these questions at the anthropomorphic, 
ethological or any other level, it may be 
salutary to recall that molecular biology is 
about molecules -~ not selfish this or that. If 
this trend continues we can expect to see 
defrocked DNA and rampant tRNA. 

Yours faithfully 
ANTHONY Harris 
34 Avenue Gardens, 
London W3 


1. Wolfenden, R.V; Cullis, P.M. & Southgate, 
C.C.F. Science, 206, 575 (1979). 


Conversion courses 


Sir, — My attention has been drawn to the 
reference in Robert Walgate’s article on Dr 
Shallis (7 February) to our conversion course 
from arts to sciences and to the fact that it has 
closed. Sadly this is true; it closed seven years 
ago for lack of applicants. Not all our students 
were as successful as Mike Shallis, but a 
number are now active as scientists. We 
demonstrated that with motivated students it 
was possible and not too difficult to effect 
such a conversion, and we gained experience in 
the ways of doing it and the pitfalls to avoid. 
Although the course has closed, the experience 
is still there and available to anyone who 
wishes to start such a course again. There is 
surely need for it as long as our schools force 
children into choices at an age too early for 
them to know their minds. 
Yours faithfully 

L R BELTON 
University of Surrey, 
Guildford, UK 
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ons. of cell biology is 
rate at which cells 
d irrently there are two 
models of cel ‘le control which provide 
answers to this question. The first is the 
deterministic growth controlled model 
which developed mainly from experiments 
with microbial cells, and the second is the 
transition probability model which developed 
to explain the behaviour of mammalian cells. 
The basic postulate of the growth 
controlled model is that the rate of division 
is determined by the rate of growth of the 
cell’. Some. cell cycle event cannot take 
place until the cell has attained a critical cell 
Size, and as a consequence the rate at which 
cells grow to that size determines the rate at 
which they divide. The model very simply 
explains why in steady state populations of 
exponentially growing cells, size at division 
remains constant and the rate of division 
parallels the rate of increase in cell mass, It 
is further supported by observations that 
the occurrence of certain cell cycle events, 
-such as the initiation of DNA replication in 
Escherichia coli, traverse of ‘start’ as 
‘marked by bud emergence in budding 
yeast’, and cell division in fission yeast’, 
„are well correlated with the attainment of a 
particular cell size. 
-din the original form of the Smith ae 
Martin transition probability model, the 
- cell cycle is composed of an A-state and 
B-phase°. In the A-state the cell does not 
progress towards division but it has a 
constant transition probability of entering 
-the B-phase. The B-phase is made up of 
most of the conventional cell cycle and is 
-completed in a constant period of time. 
Therefore the rate of division is determined 
by the time a cell takes to undergo the 
random or probabilistic transition from 
the A-state and to the complete the 
constant time period in the B-phase. The 
main evidence in favour of the model is that 
the distribution of cell cycle times includes 
an exponential component which reflects 


¿othe probabilistic transition from the 


State. This evidence is particularly 
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and probabilistic? 


from Paul Nurse 


strong if it is assumed that the B-phase is 
identical for sister cells, since the 
differences in cell cycle times between sister 
cells can be described solely in terms of an 
exponential®. The deterministic or growth 
controlled model cannot easily explain 
such a distribution’, although with further 
assumptions it can do so (for example see 


| reference 8). 


Brooks et ai.’ have recently modified the 
transition probability model to account for 
the identical B-phase in sister cells, and to 
deal with the behaviour of cells stimulated 
from quiescence. In the modified model, 
cells begin their progress towards division 
by a random transition from a Q-state to 
commence a process L. This process takes a 
constant time period to-be completed after 


which the cell enters the A-state. Exit from 


the A-state is at random and leads to DNA 
replication and subsequently cell division, 
and, in addition, to entry into the next 
Q-state. In the modified model the time take 
to complete the two random transitions and 
constant time period of the sequence 
Q~L-A determines the rate of cell 
division. The model explains why the 
differences in cell cycle times between sister 
cells can be described solely in terms of an 
exponential since the Q->L part of the 
sequence occurs in the mother cell and thus 
is common to the two sister cells. 
Consequently the differences between 
sister cell cycle times are due solely to the 
random A-transition which results in the 
exponential distribution. The B-phase does 
not feature in the modified model, but its 
duration is equivalent to the Q>L 
sequence accounting for the identical 
B-phases of sister cells. The modified 
model also explains why there were two 
points of control in stimulated quiescent 
3T3 cells!®, since one control was acting at 
the Q-state transition and the other at the 
A-state transition. Brooks et al.’ have also 
suggested that the behaviour of the mitotic 
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centres organising the spindle poles could 
act as an analogue of the O-L-A 
sequence’, The initiation of duplication of 
the centres could correspond to the Q-state 
transition, their maturatio n to the 
L-process, and their separation to. the 
A-state transition. This suggestion -is 
interesting, since centrioles are. likely to 
provide a convenient marker for the 
behaviour of the less tangible mitotic 
centres’, and cenirioleg or theirequivalents 
have been. impli ated in: ell cyclecontrol of 
both 3T3 cells! and budding yeast cells!’ 

ifie transition probability 
model is an advance on the original form of 
the model but suffers from one or two 
difficulties. In rat hepatoma cells van Wijk 
et al.’} have found that most of the 
variability in cell cycle times between sister 
cells is due to variability in the duration of 
G,. This is difficult to reconcile with the 
A-state transition occurring before 
S-phase. In addition, the duration of the 
B-phase (equivalent to the QL sequence} 
is more similar for cells of rat hepatoma 
which share a common grandmother 
(cousins), than for unrelated ceils’. The 
modified transition probability. model 
predicts that sister cells should have 
identical B-phases, but that..co 
should be as dissimilar as any op 
unrelated cells within the populatic 
Finally, centriolar behaviour. may not be 
such a ete T of the | iel 






















haves sale nole, sine Tuc 
Pardee!! have shown that 3T3 cells in: 
a state have a pair of centrioles. 

The deterministic growth controlled 
model and the transition probability model 
give apparently different answers to the 
question of what determines the rate at 
which cells divide. One explanation for this 
may be that the cell cycle controls are quite 
different for microbial and mammalian 
cells, However, some experiments suggest 
that this may not be the case: Th f 
bud emergence has mi 






ORG Muacmillat: Fournais | id 


pA 
G, 

G, So G, M 
G, 


After an indeterminate period of time in the A 
state, a cell makes the transition to the Q state 
and at the same time starts synthesizing DNA {S 
phase). The cell remains in Q for an indeter- 
minate period before making the transition to L. 
if the transition occurs during S fas shown 
here) or G „ the L state, which has a fixed time 
span, will last until after mitosis (M) and 
division. Therefore both sister cells will start 
their own A state simultaneously. 


budding yeast that have been released from 
a block at ‘start’!?. The distribution of 
times to bud-emergence within the 
population includes an exponential 
component as would be expected from the 
transition probability model. To explain 
this observation and the cell size 
correlation with bud-emergence 
mentioned above, Shilo ef al. suggested 
that traverse of ‘start’ requires growth of 
the cell to a critical size followed by a 
random transition which ‘started’ the cell 
cycle. A rather similar conclusion has been 
arrived at by Shields ef al.!6 from 
investigations of the role of cell size on cell 
cycle time in mouse fibroblasts. Quiescent 
small cells take longer to enter S-phase than 
do large ones, and cells born of small 
mother cells have longer cell cycle times 
than those derived from larger mothers. 
The distributions of the times required 
before S-phase and cell division took place 
were found to include exponential 
components. The authors proposed that 
cell size affects the length of the B-phase 
acting before G,, and within the 
framework of the modified transition 
probability model, that cell size affects the 
length of the L-process’. These 
experiments are suggestive that there is a 
size related element and a probabilistic 


element in the cell cycle control of both - 


microbial and mammalian cells. Therefore 
it is possible that the deterministic and 
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probabilistic models are. describing 
different aspects of a single cell cycle 
control. In microbial cells the probabilistic 
transition occurs very rapidly, and the 
deterministic size element is more 
important in controlling the rate of 
division. In mammalian cells the 
probabilistic transition is much slower, and 
the deterministic size element is of less 
importance in controlling the rate of 
division. 

In this context it is of interest that some 
mechanisms for monitoring cell size and 
controlling the cell cycle include both 
deterministic and probabilistic elements’. 
For example, in one mechanism a structure 
is built up at a rate proportional to the size 
of the cell. Smaller cells will build up the 
structure slower than larger ones and 
consequently cells will tend to complete the 
structure at the same cell size. This is the 
deterministic size related element of the 
mechanism. Once completed, the structure 
then has to interact with some site within 
the cell to become active. Since there is only 
a single copy of the structure its interaction 
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with the site will be a random process and 
forms the probabilistic element in the 
control. If the building of the structure 
takes a long time then the control will 
appear deterministic and size related as in 
microbial cells, and if the interaction 
between the structure and site takes a long 
time then the control will appear 
probabilistic as in mammalian cells. 

The possibility that the deterministic and 
probabilistic models describe different 
aspects of a single cell cycle control 
common to both microbial and 
mammalian cells, and that both aspects are 
important for determining the rate of 
division is at present based on few 
experiments. What is required are more 
kinetic investigations of the distributions 
of cell cycle times coupled with 
measurements of cell size. It would also be 
of interest to follow the behaviour of 
centrioles or their equivalent in the same 
experiments, to see if a firmer link can be 
established between these structures and 
the more abstract elements of the cell cycle 
control models. R 


Can comets become asteroids? 


from David W, Hughes 


COMETARY nuclei, kilometric sized dirty 
snowballs, obviously evolve as the comets 
age. At each perihelion passage the nucleus 
will lose about a metre or so of dust and ice, 
producing the coma and the tail and 
also a large collection of meteoroids which 
feed the meteor stream. This process can 
continue until the nucleus has completely 
disintegrated into gas and dust but there are 
other possibilities. The nucleus could 
disrupt into a number of boulders which 
quickly outgas. The core of the nucleus 
could be slightly more compact than the 
outer regions and could remain when all the 
ice has sublimated. Or an insulating crust 
could develop which reduces the heat flow 
in towards the centre of the nucleus and 
thus stops the sublimation and the loss of 
volatiles. The last two possibilities lead to 
an apparent transformation of the comet 
into an asteroid. The Solar System would 
then contain active comets, asteroids and a 
third class of objects, extinct cometary 
nuclei which looks like asteroids but have 
the orbits of comets. 

The problems of this evolutionary trans- 
formation have been discussed recently in 
two papers published in The Moon and the 
Planets. These are by Lubor Kresak of the 
Astronomical Institute of the Slovak 
Academy of Science, Bratislava (22, 83; 
1980) and H. Rickman, Astronomical 
Observatory, Uppsala, Sweden and C. 
Froeschlé, The Nice Observatory, France 
(22, 125; 1980). 

Kresak stresses the role of Jupiter. The 
mean of the asteroidal orbits has the same 


eccentricity and orientation as the orbit of 
Jupiter. Also there is a spherical region 
around Jupiter of at least I AU in radius 
which is completely void of asteroids. The 
system of short period comets on the other 
hand is aligned with the line of apsides of 
the jovian orbit and the immediate 
environment of Jupiter is filled with an 
overabundance of comets some of which 
even become jovian satellites for a time. 
Added to this fundamental difference in 
orbital characteristics is the problem of 
observational selection. In the case of 
comets we are dealing with a class of 
objects which have a potential lifetime very 
much shorter than the age of the Solar 
System. So the comets that are observed 
today are either the last, abnormally long 
lived survivors of a much more abundant 
original population or they must be a late 
generation of an evolutionary sequence. 

The first of these hypotheses is unlikely. 
The second implies that we are observing 
an evolved state of equilibrium between 
source and sink and consequentially short 
lived objects are underrepresented. 

It would also be very presumptious of us 
to believe that all the types of asteroids and 
comets have been discovered. For example, 
asteroids were known for over a century 
before the Trojans (which follow Jupiter’s 
orbit and have a mean elongation of 60° 
ahead and behind Jupiter) and the Apollo’s 
(perihelian distance less than I AU) were 
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‘discovered. In the last few years certain 
new classes of objects have been found, 
one with inclinations over 60°, another 
with periods less than a year. Chiron 
(asteroid number 2060) has an orbit 
between the orbits of Saturn and Uranus 
and considering the immense effect of 
distance dependent observational selection 
it is difficult to tell how many others there 
are in Chiron’s class. One asteroid 1978 SB 
-has been found to have an orbit similar to 
of Comet Encke. 

-Observational bias is even stronger for 
comets because the brightness decreases 
‘drastically with heliocentric distance. 
Comets can only be seen if they get close 
enough to the Sun to display outgassing 
phenomena and to do this they have to get 
to within 0.0001 of the radius of the distant 
cometary reservoir known as the Oort 
cloud. Even considering temporal 
variations it is interesting to note that 
dependable astronomical observations 
have only been going on for about one ten- 
thousandth the average revolution period 
of a ‘new’ comet. At best we can only have 
seen 0.00001 % of the whole comet popula- 
tion. A great number of long period comets 
must exist with perihelia beyond the orbit 
of Jupiter. Only five have been discovered 
so far, the first in 1974. 








Even bearing these problems in mind 
Kresak concludes that very few of the 
asteroids could have been comets and none 
have been definitely identified as such. 
There are only two possible paths between 
the two orbital classes. Both require a 
complicated sequence of planetary capture 
by Jupiter or Saturn followed by strong 
non-gravitational forces to vary the 
aphelion distance thus pulling the comet 
away from Jupiter or Saturn into a more 
stable orbit undisturbed by planetary 
encounters, On attaining this stable orbit 
the non-gravitational forces have to cease. 

The possible (even if non probable) ex- 
comets among the asteroids are Chiron, 
Hidalgo, Thule, members of the Trojan, 
Hilda and Grigua groups and the Apollo 
and Amor objects (the Amor’s have 
perihelia between the orbits of Earth and 
Mars). 
= Rickman and Froeschlé specifically 
discuss the possible cometary contribution 
to the Apollo-Amor population. In 1963 
Opik suggested (Ady. Astron, Astrophys., 
2, 219) that the perturbations of Mars on 
the inner boundary of the asteroid belt 
were too weak to.account for the observed 
numbers of Apollo and Amor asteroids. A 
cometary origin was thus proposed for 
most of them. Rickman and Froeschlé 


The strong coupling constant is measured 


from Mary K. Gaillard 


THE initial evidence for hard gluon 
radiation by quarks came from the high 
energy electron-positron annihilation data 
of PETRA (Nature 281, 104; 1979). The 
continued accumulation of data has 
permitted quantitative measurements 
of this process, thus providing a direct 
determination of the strong coupling 
constant. In analogy with electric charge 
(which determines the interaction between 
electrons and photons), this constant 
determines: the, interaction between quarks 
-and gluons. - | 

” According to Ahè widely accepted 
quantum chromodynamic (QCD) theory 
of the strong forces, the dominant 
mechanism for hadron production is via 
quark-antiquark pair creation (Fig. la): 


ete” — virtual photon (y) > qq 


However since quarks carry color charge 
they can radiate gluons, i.e. quanta of the 
color field. This is completely analogous to 
the well established quantum electro- 
dynamic (QED) theory of electromagnetic 
forces where, e.g., the primary mechanism 
for -pair production 


e*e” — virtual photon > u*u” 


= is dressed by photon radiation. The 
» -difference is that while photons and 
leptons can be detected in the laboratory, 
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quarks and gluons materialize as clusters 
(‘jets’) of hadrons, and sophisticated 
analyses must be performed in order to 
uncover the elementary QCD processes 
underlying what is actually observed. 

The dominant component of gluon (or 
photon) radiation is soft or collinear with 
the quarks and its effects are submerged by 
the (so far) uncalculable angular spread 
inherent to the confinement mechanism 
governing the conversion of a quark or 
gluon into a jet of hadrons. Therefore most 
events should appear as two back-to-back 
jets (Fig. 16), and this is indeed what was 
inferred from analyses of event configur- 
ations at SLAC several years ago, and 
directly observed more recently at PETRA 
where the higher energies produced jets 
sufficiently collimated to be recognized as 
such at a glance. Again there is an analogy 
with QED, where the dominant, very soft 
or collinear, component of photon 
radiation escapes detection through an 
inherent limit on measurement precision — 
except that for QCD the limiting precision 
is furnished by the dynamical effects of 
confinement. 

However, sometimes in QED hard, large 
angle photons are emitted, but with 
emission rates suppressed by a factor of the 
fine structure constant a = e?/4n for each 
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‘Fermilab conference in August, 


consider the steady state where all the 
Jupiter family of comets {aphelion 
distances between 4 and 8 AU) is a possible 
source, this family being fed by captureand 
depleted by deactivation. The deactivated 
comets are also in a steady state, their loss 
mechanism being expulsion from the inner 
solar system by Jovian perturbation, The 
number of Mars crossing deactivated 
comets is estimated by means of a Monte 
Carlo simulation of the orbital evolution of 
the Jupiter family under the influence of 
Jovian pertubations. 

The authors conclude that no more than 
five percent of the short period comets can 
develop orbitally into Apollo-Amor 
asteroids after loosing their activity. 
Also no more than five percent of the 
nuclei of comets can contain sizeable 
asteroidal cores. 

So even bearing in mind the problems of 
observational selection it seems that 


comets are comets and asteronls are 


asteroids. Even though it is possible in rare 
cases to. perturb a comet’s orbit into an 
orbit similar to that of an asteroid, there 
are no obvious dead comets amongst the 
asteroid population. This seems to favour 
the hypothesis that comets do not have 
asteroidal cores and decay completely into 


prong 


meteor streams. Aad 


such photon. In the same way, hard large 
angle gluons should be radiated by quarks 

‘suppression factor per gluon given 
by the strong ca coupling constant a, = g?/dn, 
which is believed to be smaller than one. 
Therefore one expects some fraction of 
events to appear as three distinct jets of 
hadrons, a smaller fraction as four jets, 






and so on. Only at very high energies where 


jets are highly collimated can one hope to 
seperate visually the clusters of hadrons in 
a multi-jet event, and the first three jet 
event, presented by the TASSO collabor- 
ation at the Bergen neutrino conference in 
June 1979, was obtained at a center-of- 
mass energy of about 30 GeV. A statistic- 
ally significant sample of three jet events 


was presented by the TASSO group at the 


EPS conference in Geneva. By the 
the 
PLUTO and JADE groups had collected 
samples of three jet events where neutral as 
well as charged hadrons were measured, 
and the MARK J group abo presented 
evidence for gluon radiation. 

The relative production rate for three jet 
events provides a direct measure of the 
strong. coupling constant e.. Previous 
determinations of a, were based primarily 
on: the analysis of highly inelastic lepton- 


nucleon interactions where the dependence 
“of. -observed phenomena on the strong 


coupling constant is considerably more 
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subtle. The method has been somewhat 
controversial as it requires measurements 
over a large energy range, including lower 
energies where the interpretation of the 
theory is somewhat problematic. On the 
other hand, a measurement of the rate for 
radiation of hard wide angle gluons at high 
energies is in principle straightforward and 
its interpretation is intuitively simple. 
However, a meaningful measurement of a, 
requires substantial statistics, and since 
gluon (like photon) radiation prefers 
collinearity, even large angle radiation will 
most often produce events intermediate 
between Figs Ib and 2b, with two jets 
merged to form a single broadened jet. 
The first task of the experimenters was to 
convince themselves that the collection of 
phenomena characterizing deviations from 
the two jet process of Fig. 1 could indeed be 
attributed to hard gluon radiation. There 
are various tests of this hypothesis, among 
them: a) the rate of jet broadening with 
increasing center-of-mass energy; b) 
coplanarity (up to the limited jet spread 
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due to confinement effects) of the final 
state hadrons which are supposed to arise 
from a primitive 3-quanta final state; c) 
asymmetric jet broadening — since the 
dominant deviation from two jet events is a 
single hard gluon emission, only one quark 
jet, the one with an accompanying gluon, 
should appear broadened. All four groups 
from PETRA presented analyses 
supporting these features at the Fermilab 
conference in August. 

Since then more data has been taken, 
providing sufficient statistics for the first 
quantitative analyses published by the 
MARK J and JADE groups. The analysis 
of the MARK J group, based on the 
angular pattern of energy flow, rather than 
on an event by event reconstruction of jets, 
showed a statistically significant excess of 
oblate planar events which, when projected 
on the event plane and oriented so as to 
align the axes of maximum energy flow, 
displayed a three lobed structure which 
reproduced the ‘‘antenna pattern’’ 
expected from single hard gluon radiation. 


From the size of the effect they reported the 


first evaluation of a, based on gluon 


radiation. This was soon followed by a 
value quoted by the JADE group based on 
detailed analysis of event shapes. More 
recently the TASSO group has extracted a 
value for a, from a careful study of event 
topologies including various checks that 
their result is insensitive to the uncalculable 
confinement effects. The result of these 
analyses are consistent within their 
estimated errors of 20% or so and yield a 
value for a, of about 1/5, 

What does this number mean? Even 
without the complications of confinement 
effects which arise in QCD, one never 
really measures a fixed coupling constant, 
but rather the effective strength of some 
coupling among field quanta of specified 
energy and momenta. One then extracts a 
momentum dependent effective coupling; 
the momentum dependence reflects the 
effects of a higher order ‘dressing’ of the 
coupling through the exchange of virtual 
quanta. In QED these effects are tiny 
because the coupling is very weak, but in 
QCD they are appreciable, albeit 
calculable. A value a, = 0.2 for processes 
characterized by the PETRA energies 
where gluon radiation has been measured is 
quite consistent with expectations based on 
analyses of lepton-nucleon interactions 
mentioned earlier. More theoretical work, 
specifically addressed to higher order 
effects in electron-positron annihilation 
into hadrons, as well as more experimental 
work, allowing a determination of the 
momentum dependence of hard gluon 
radiation, are still needed for precision 
tests of the theory. Further studies are also 
needed to pin down the spin of the gluon 
and to measure the self-coupling of three 
gluons, a predicted feature of QCD whic 
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has no analogue in QED. G 


Extra-pituitary actions of LHRH and its agonists 


jrom Richard M. Sharpe 


SINCE the origination of the concept of 
hypothalamic control of the anterior 
pituitary gland, it has been an accepted 
dogma of endocrinology that the releasing 
factors from the hypothalamus act solely 
on the pituitary to regulate the release of 
the appropriate trophic hormone. The vast 
number of animal experiments and clinical 
studies with LHRH since its structural 
characterization 9 years ago, have 
consolidated this belief, Now, a spate of 
recent results appears to have demolished 
this idea by demonstrating extra-pituitary 
inhibitory effects of LHRH or its agonistic 
analogues. The latter are considerably 
more potent in vivo that native LHRH, 
principally because of their resistance to 
enzymatic breakdown (Clayton ef al. 
Endocrinology 104, 1484; 1979), and this 
has been an important factor in permitting 
the demonstration of peripheral sites of 
LHRH action. 
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There have been numerous reports in the 
last 3 years demonstrating inhibitory 
effects of LHRH and its agonists on 
gonadal growth and function in intact 
animals, and LHRH agonists have exciting 
potential as new contraceptive methods in 
women, as luteolytic agents (Casper & Yen 
Science 205, 408; 1979; Lemay etal. Fertil. 
Steril. 32, 646; 1979) or, more probably, as 
inhibitors of ovulation (Bergquist et al., 
Lancet, ii, 215; 1979). As it was already 
established that similar ‘down-regulatory’ 
effects could be achieved by over- 
stimulation of the gonads with exogenous 
gonadotrophins (see Catt et al. Nature 280, 
109; 1979), it was thought logical that 
LHRH and its agonists exerted their 
inhibitory effects via the pituitary. 

But in fact, there was already published 
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evidence to show that LHRH agonists 
could have extra-pituitary effects, as 
Rippel and Johnson (Proc. Soc. Exp. Biol. 
Med. 152, 432, 1976) had reported 
inhibition by an LHRH agonist of human 
chorionic gonadotrophin (hCG)-induced 
ovarian and uterine weight gain in 
hypophysectomized rats. This brief 
challenge to one of the bastions of 
endocrinological thinking seems to have 
gone largely unnoticed. But in 1979 the 
walls began to crumble when Hsueh and 
Erickson demonstrated inhibition by 
LHRH of the follicle-stimulating hormone 
(FSH)-induced increase in oestrogen and 
progesterone secretion by rat ovarian 
granulosa cells in vitro (Science 204, 854, 
1979), and followed this with a similar 
report concerning the male (Nature 281, 
66; 1979). In this they showed that 
concomitant treatment of hypophysec- 
tomized immature male rats with FSH and 
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LHRH agonist prevented the increases in 
testicular weight, LH-receptor numbers 
and steroidogenic responsiveness induced 

by the FSH treatment alone. 
Confirmation of the extra-pitultary 
actions of LHRH and its agonists has been 
readily forthcoming. Ying and Guillemin 
(Nature 280, 593; 1979) demonstrated a 
dose-dependent inhibitory effect of an 
LHRH agonist on gonadotrophin-induced 
ovarian weight gain in hypophysectomized 
female rats and also prevented ovulation, 
_. findings which a smaller study by Mayar et 
cal (Proc. Soc. Exp. Biol. Med. 161, 216; 
$979) confirmed. A preliminary report also 
suggests that LHRH agonists may directly 
influence ovum development following 
induction of super-ovulation (Erickson & 
Hsueh, U.S.A. Soc. Gynec. Invest. 
Abstract 371; 1980). In the male, Arimura 
and colleagues have shown that treatment 
with an LHRH agonist can reduce LH- 
receptor numbers in the testes of both 
immature and adult hypophysectomized 
rats (Biochem. Biophys. Res. Commun. 
90, 687; 1979). Outside of the gonads, 
inhibition by LHRH of progesterone 
production by human placental tissue in 
vitro has been reported (Wilson & Jawad 
Fertil Steril. 33, 91; 1980), and preliminary 
work in baboons isha ee Vickery and 
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secretion: by the plated ‘a. However, such 
effects: may not be straightforward, as 
LHRH agonists do not impair the placental 
secretion of hCG and progesterone in vivo 
in women (Casper et al. Proc. of P.A.R.F-.R. 
Workshop on Fertility Regulation 
Harper & Row; 1980). Gonadal or 
placental effects of LHRH are presumably 





1005 years ago 


The Times Geneva correspondent 
writes under date June 20 that a 
remarkable electrical phenomenon 
occured at Clarens on the afternoon of 
Thursday last. Heavy masses of rain- 
cloud hid from view the mountains 
which separate Fribourg from 
Montreux, but their summits were from 
time to time lit up by vivid flashes of 
lightning, and a heavy thunderstorm 
seemed to be raging in the valleys of the 
Avants and the Alliaz. No rain was 
falling near the lake, and the storm still 
appeared far off, when a tremendous 
peal of thunder shook the houses of 
Clarens and Tavel to their foundations. 
At the same instant a magnificent 
cherry- tree near the cemetery, 
measuring a metre in circumference, 
was struck by lightning. Some people 
2 |. who were working in a vineyard hard by 
a l saw the electric ‘‘fluid’’ play about a 


ana 
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important in explaining the local 
abortifacient action of LHRH on the 
pregnant rat uterus (Jones Contraception 
20, 569; 1979) and the termination by 
LHRH of pregnancy in rats hypophysec- 
tomized on day 12 (Bex & Corbin 6/st. 
Endocr. Soc. Meeting, U.S.A. Abstract 
435; 1979). 

The two most impressive aspects of the 
above findings are, firstly, that all but one 
of the extra-pituitary effects of LHRH and 
its agonists are inhibitory and, secondly, 
that the effects (particularly those on the 
gonads) are almost identical to those 
reported following similar treatment of 
intact animals. This raises the question as 
to whether all of the inhibitory effects of 
LHRH agonists in intact animals, includ- 
ing the contraceptive effects in women, are 
the result of extra-pituitary action? 
Although any answer must at this stage be 
qualified, the weight of evidence suggests this 
is not the case. To obtain the direct gonadal 
effects reported above, the investigators have 
used doses of LHRH agonists at least 10-times 
and, in most cases, over 1 ,000-times greater 
than those used in intact animals. More- 
over, the direct effects reported have often 
been the inhibition of rather specialised 
changes which may not be directly relevant 
to the intact adult animal. Thus the acute 
steroidogenic responsiveness in vitro of 
Leydig cells from untreated rats is 
unaffected by LHRH or its agonists 
(Badger et al. Endocrinology 106, 1149; 
1980), although Clayton and colleagues 
(Nature 282, 90; 1980) found a small 
decrease in the sensitivity of rat luteal cells 
to hCG-stimulation in vitro in the presence 
of 107M LHRH agonist. 

However, there is the very real possibility 
that some proportion of the inhibitory 


little girl who had been gathering 
cherries and was already 30 paces from 
the tree. She was literally folded in a 
sheet of fire. The vine-dressers fled in 
terror from the spot. In the cemetery six 
persons, separated into three groups, 
none of them within 250 paces of the 
cherry-tree, were enveloped in a 
luminous cloud. They felt as if they were 
being struck in the face with hailstones 
of fine gravel, and when they touched 
each other sparks of electricty passed 
from their finger-ends. At the same time 
a column of fire was seen to descend in 
the direction of Chatelard, and it is 
averred that the electric fluid could be 
distinctly heard as it ran from point to 
point of the iron railing of a vault in the 
cemetery. The strangest part of the 
story is that neither the little girl, the 
people in the cemetery, nor the vine- 
dressers appear to have been hurt; the 
only inconvenience complained of 
being an unpleasant sensation in the 
joints, as if they had been violently 
twisted, a sensation which was felt with 
more or less acuteness for a few hours 
after. The explanation of this 
phenomenon is probably to be found in 
Prof. Colladon’s theory of the way in 
which lightning descends, as described 





effects of LHRH and its agonists in intact 
animals is the result of extra-pituctary 
action. Indeed, the recent demonstration 
of specific, high affinity (Ka = 10°Rt) 
receptors for LHRH and its agonists on 
luteal cells in the ovary (see last ref. abeve), 
and on Leydig cells in the testis (Labre ef 
al. Int. J. Fertil, in the press; Sharpe 
& Fraser Biochem. biophys. Res. Com- 
mun, in the press), must mean that LE RH 
has some role to play at the gonadal level, 
particularly as these receptors have almost 
identical properties to LHRH receptors in 
the pituitary (see Clayton ef al, 
Endocrinology 105, 1369; 1979), There is 
also ‘persuasive evidence that the direct 
effects of LHRH agonists on the gonads 
are mediated through such receptors, a: 
Hsueh and Erickson (Life Sei 25, 
1979) have shown that the inhibitory 
of LHRH agonists in vitro can bec 
vented in a dose-dependent manner: 
structurally similar, but antagonistic, 
analogue of LHRH. There is also immuno 
histochemical evidence for LHRH 
receptors in mouse adrenal cells (Bernardo 
et al. J. Histochem. Cytochem. 26, 613: 
1978). 

Because of the specialized portal blood 
system, which transports LHRH fron the 
hypothalamus to the pituitary, and because 
of the rapid degradation of LHRE, it 
seems certain that LHRH secreted from 
hypothalamic neurones can never reach 
peripheral tissues in effective con- 
centrations. Are there, therefore, extra- 
hypothalamic sites of LHRH production? 
Two pieces of information suggest ‘hat 
there are. First, there is some evidence for 
the placental production of LHRH (Kbodr 
& Siler-Khodr Science 207, 315; 1980), and 
secondly, Guillemin and colleagues 
















in Nature, vol. xxii. p.65, The Professor 
contends that it falls in a shower, not in 
a perpendicular flash, and that it runs 
along branches of trees until it is al 
gathered in the trunk, which is bursts or 
tears Open in its effort to reach the 
ground. In the instance in question the 
trunk of the cherry-tree is as completely 
shivered as if it had been exploded by a 
charge of dynamite. 





| 
Amongst the peculiar institutions of | 
Paris are the street astronomers, whe 
exhibit through their telescopes the- | 
moon, sun-spots, comets’ tails, anc 
other celestial objects, according te 
circumstances. Their charges vary from 
id. in the suburbs to 5d. on the Place de 

la Concorde or the Place Vendôme, 
where the instruments are not unworthy | 
of a regular observatory. At the lasi 
monthly meeting of the scientific 
journalists M. Flammarion read ar 
address sent to him by the corporation 
of these itinerant teachers of the 
marvels of the heavens. They state that 
from the beginning of the publication of 
the ‘‘Astronomie Populaire” the 


number of their customers has more 


than doubled. 


from Nature 22, 1 July, 1980. 3 | 
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{Comptes Rendus D289, 943; 1979; 
Endocrinology 106, 114A; 1980) have 
identified a substance which is immuno- 
logically distinct from LHRH but has 
LHRH-like biological activity and is 
secreted by ovarian granulosa cell cultures 
and is present in vivo in follicular fluid. 
The endocrine dogma concerning 
LHRH-like biological activity and is 
hypothalamic LHRH-producing neurones 
as unique and to view the portal blood 
supply as an insurance that LHRH reaches 
the pituitary without dilution in the 
peripheral circulation. The same was 
originally thought for somatostatin, which 
is also produced by hypothalamic neurones 
and acts on the pituitary, but is now known 
to be produced tn the gut and elsewhere. It 
is therefore not too wild a speculation to 
consider LHRH as a ‘transmitter’ 
produced by nerve endings or other cells in 
the gonads or elsewhere. Certainly, if one 
accepts this possibility then the role of the 
portal blood system and the rapid 
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degradation of LHRH by the pituitary can 
be viewed nat only as an efficient local 
transport system, but also as a means of 
preventing hypothalamic LHRH from 
reaching peripheral target tissues, 

It seems appropriate to end on another 
note of speculation. Before the advent of 
the enzymically-resistant LHRH agonists, 
binding studies with LHRH were plagued 
by hormone degradation problems, but 
there were at least two reports of extra- 
pituitary binding sites specific for LHRH 
(Marshall et el. Clin. Endocr. 5, 671; 1976 
and Heber ef al. Amer. J. Physiol. 235, 
E227; 1978), which were dismissed as 
unimportant because of their low affinity 
(K,=10°M~'). These sites included the 
ovary and testis, which we now know to 
contain high affinity receptors for LHRH. 
Can we therefore expect that the other 
tissues identified (liver, spleen, renal 
cortex, cerebral cortex, lung) will also 
prove to have high affinity receptors for 
LHRH and its agonists? x 


How does the mantle move? 


from Geoffrey F. Davies 


WHEN the kinematic theory of plate 
tectonics was developed over a decade ago, 
two kinds of questions were posed. The 
first kind concerned the implications of 
moving plates of lithosphere for geological 
processes and for the interpretation of the 
geological record. The second kind of 
question concerned the involvement of the 
underlying mantle and the dynamics of the 
plate mantle system: how much of the 
mantle is involved, what is the pattern of 
flow in the mantle, and which of several 
possible types of driving buoyancy forces 
are dominant? Although many parts of the 
system are now more clearly understood, 
the way in which they fit together into a 
working machine is still unclear. This ts 
only partly because of the inaccessibility of 
the mantle to direct observation: it is also 
because of the extremes of mechanical and 
thermal states in the plate-mantle system, 
which pose a considerable challenge to 
would-be modelers of the system. Some of 
the current attempts being made to 
understand the system were illustrated by 
papers presented at a recent conference”, 
It is usually presumed that the plates and 
underlying mantle comprise a thermally 
convecting system driven by the earth’s 
internal radiogenic heat, but mantle 
convection is very different from the more 
familiar examples of convection in the 
atmosphere or laboratory. This is because 
the mantle has a very high Prandtl number 
(so that viscous forces dominate over 
inertial forces) and its rheology is complex. 
The stress-strain rate relation of mantle 
minerals is strongly dependent on 
temperature, and is strongly non-linear at 
high stresses; also, high stress at low 
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temperatures can cause fracturing which 
will be observed as earthquakes. The 
Rayleigh number of the mantle is variously 
estimated to be between one million and 
one thousand million, which implies that 
temperature gradients are very large, 
notably near the top boundary. Combining 
the steep temperature gradient near the 
earth’s surface with the temperature 
dependence of the rheology, one gets a 
picture of the lithosphere as a thermal 
boundary layer which is also a mechanical 
boundary layer: cold and therefore 
stronger, but also brittle. This rapid 
variation of temperature and mechanical 
properties in the lithosphere is an obstacle 
to finite-difference numerical modeling, 
since a prohibitive number of grid points is 
required. Also, the rheology of this 
lithosphere is not easily characterized in a 
manageable way. For example, simply 
increasing the viscosity in the lithosphere 
works for those parts of plates away from 
plate boundaries, but not near subduction 
zones, since brittle or quasi-plastic yielding 
may allow the large deformations 
associated with bending and subducting 
the lithosphere to occur at much lower 
stresses than would be predicted by a 
viscous rheology. Much of the recent work 
on plate-mantle dynamics has focussed on 
the lithosphere, either exploring and 
characterizing its rheology, or taking 
advantage of the order it imposes by being 
rigid most of the time. 

The rheology of the lithosphere can be 
studied by using the constraints of 
bathymetric, gravity and geoid anomalies 
near subduction zones and volcanic 
seamounts. Models have evolved through 
simple elastic and viscous lithospheres to 
composites involving elastic-perfectly 
plastic or more complex rheologies. J. H. 
Bodine and A. B. Watts of Columbia 
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University presented results showing that 
the current subsidence of Hawaii relative to 
Oahu at the rate of 4.1 mm per yr can be 
explained as a delayed response of the 
lithosphere to the load imposed by Kohala 
volcano on Hawai, which was active until 
about 0.4 Myr ago. In their model, the 
initial response of the lithosphere is that of 
a thick elastic layer, but on longer time 
scales (a milhon years or more) the lower, 
hotter part of the lithosphere deforms, 
allowing stress relaxation. The result is that 
after a million years or so the effective 
elastic thickness of the lithosphere is two or 
three times less than the initial affective 
thickness. A. Cazenave and B. Lago of 
Toulouse presented results of analogous 
models incorporating plastic or semi- 
empirical rheologies, and they predict that 
the relaxation time of the lithosphere is 
about five percent of the age of the 
lithosphere at the time it was loaded. A. B. 
Watts reviewed analyses of gravity and 
bathymetric anomalies by himself and his 
colleagues showing that the long-term 
effective elastic thickness of the lithosphere 
is a strong function of the age of the 
lithosphere at the time of loading. The 
results are consistent with the elastic 
thickness being proportional to the square- 
root of age, as is predicted by a simple 
cooling half-space model of the 
lithosphere. The same conclusion was 
reached by analysis of geoid anomalies derived 
from the GEOS 3 and SEASAT radar 
altimeters (M. C. Roufousse, Smithsonian 
Astrophysical Observatory, Cambridge). 

Although the lithosphere is difficult to 
incorporate into mantle convection 
models, its role as a rigid mechanical and 
thermal boundary layer has been exploited 
in several ways. P. Olson of Johns Hopkins 
University presented a generalization to 
spherical geometry of a boundary layer 
theory first applied to the mantle (Turcotte & 
Oxburgh J. Fluid. Mech. 28, 29; 1967). Such 
a theory is ideally valid in the limit of high 
Rayleigh number, when the interior of the 
fluid is nearly isothermal and temperature 
gradients are concentrated in thin thermal 
boundary layers. Olson concluded that 
realistic surface velocities of several 
centimeters per year could be attained if 
convection was allowed to extend 
throughout the mantle (down to about half 
of the earth’s radius), but could not if 
convection was confined to the upper 700 
km of the mantle. However, Olson’s 
models did not include a realistic 
lithosphere rheology, so this conclusion 
should probably be regarded as tentative at 
this stage. 

Olson and several other speakers were 
concerned with testing a semi-empirical 
relation, based on laboratory and 
numerical experiments and on boundary 
layer theory, which states that the Nusselt 
number is proporational to the Rayleigh 
number to a small power, usually between 





*The joint Spring Meeting of the American Geophysical Union 
and several Canadian Geophysical Societies was held in 
Toronto, 
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one-fifth and one-third. The Nusselt 
number measures the efficiency of 
convective heat transport, and the relation 
has been applied to calculating thermal 
histories of planets (eg. Sharpe & Peltier 
Geophys. J. R. astr. Soc. 39, 171; 1979; 
Reynolds & Cassen Geophys. Res. Lett. 6, 
121; 1979). E. R. Ivins and R. J. Phillips of 
the Jet Propulsion Laboratory, Pasadena, 
reported on numerical models with 
temperature-dependent viscosity in which 
the Nusselt number was systematically 
_ dower than in analogous constant viscosity 


eases. Again, their results may have been 


~ affected by an oversimplified lithospheric 
rheology, which did not include any stress 
dependence. E. M. Parmentier and J. 
Morgan, HHI of Brown University reported 
on numerical models which did include a 
moderately stress-dependent rheology. 
Their results implied that an initially hot, 
radioactively heated planet would 
approach a steady state about twice as fast 
as in. the case of a stress-independent 
rheology, presumably because the larger 
buoyancy forces associated with higher 
temperatures. would see a lower effective 
viscosity, | 

R. A. Lux dnd: S. Sacks of hecam 
Institution of Washington were concerned 
with the bottom boundary of the mantle, 
where seismologists have long suspected a 


layer of irregularities one or two hundred 
kilometers thick. If there is significant heat 
flow from the core, then one would expect 
a boundary layer at the bottom of the 
mantle complementary to the lithosphere 
at the top: the bottom layer would have 
higher temperatures and lower viscosities. 
One might further expect such a layer to be 
subject to strong Rayleigh-Taylor 
instabilities, which might then be the 
source of the seismic heterogeneities. Lux 
and Sacks presented results of numerical 
models which showed that the lower 
viscosities in the boundary layer allow 
faster horizontal flow, and the resulting 
larger velocity gradients actually stabilize 
the layer, at least in their two-dimensional 
models. If the instability occurred, it would 
have to be in the form of rolls or sheets 
aligned with the flow. 

The usefulness and versatility of the rigid 
boundary layer concept of plates was 
further illustrated by R. J. O’Connell of 
Harvard University and B. H. Hager of the 
State University of New York at Stony 
Brook, who used it to investigate the 
chemical stratification of the mantle and 
the effect of plate motions on sea level. Ina 
joint paper, O’Connell and Hager noted 
that the migration velocities of ridges and 
trenches are not negligible compared with 
expected mantle flow velocities. A 





consequence is that as trenches and ridge: 
sweep around the globe, upper m 
material may be sampled more often 
lower mantle material: roughly spea 
material recently subducted at a trench 
may be pulled back up by a passing ridge 
before it sinks to great depth. Thus a purely 
kinematic aspect of the plate-mantle system 
may give rise to achemical gradation of the 
mantle, in which the shallower mantle is, 
on average, more strongly depleted in the 
incompatible elements which accumulate 
in continental crust. 

Hager gave a new twist to an old problem 
by suggesting that changes in sea level 
relative to contiments depend mainly: on 
whether subducted lithosphere. de ds 
under continent er under ocean: Bot! 
thermal contraction associated wit! 
cold lithosphere and the deviatoric s 
transmitted from a sinking plate to | 
surface tend to lower the earth's surface 
above the plate. Thus subduction under 
continent would result in transgression and 
subduction under ocean would lead to 
regression. Hager estimated that the 
magnitude of this effect is considerably 
larger than that produced by changes in the 
volume of ridge systems (and hence of 
ocean basin volumes) resulting from 


pm 


changes in plate velocities. {a 
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MHC restriction, self-tolerance and the thymus 


from Jonathan Howard 


THE phrase ‘MHC restriction? was 
originally coined to describe a property of 
cytotoxic T lymphocytes, cells of the 
specific immune system which kill virus 
infected cells by a process involving 
direct membrane contact between the two 
cells. Specific receptors on the cytotoxic 
cell surface recognize and bind to virus- 
specific antigens on the membrane of the 
infected target cell. By an unknown 
mechanism this close contact results in lysis 
of the target. Oddly, however, the virus- 
specific antigens are not sufficient for the 
binding of cytotoxic cells: membrane 
molecules specified by the major histocom- 
patibility complex (MHC) of the target cell 
are involved in the binding so intimately 
that they may be regarded as forming a 
component of the antigens recognized. In 
practice what this means is that cytotoxic T 
cels of a mouse of MHC type A, 
immunized with some virus X, will kill 
X-infected targets of MHC type A but not 
otherwise identical X-infected targets of 
MHC type B. That cytotoxic T cells 
recognize foreign antigens only in 
association with specific MHC antigens is 
the basic fact of MHC restriction. One can 
_ rationalize the involvement of membrane 
< bound MHC molecules in this interaction 
“by arguing that their presence in close 
association with virus specific molecules 
0028-0836 /80/ 27001 5-02501 00 





enables cytotoxic T cells to identify and kill 
virus infected cells while ignoring an excess 
of free virus. 

Since its first clear definition in 1974, 
MHC restriction has become recognized as 
a fundamental feature of antigen recog- 
nition by many (if not all) classes of T cell 
and seems to be a corollary of the fact that 
specific T cell activities are probably 
mediated, like target cell killing, by cell-cell 
contact. Other examples of such activities 
are T cell induction by exogenous antigen, 
involving MHC molecules on antigen pre- 
senting cell surfaces at the beginning of an 
immune response, and T cell help for 
antibody production by B cells, this latter 
activity probably being mediated through 
MHC molecules presented to T-helper cells 
by the B cell surface. 

A key question is, where and when is the 
dual specificity of the observed response 
established? At what point is the dis- 
crimination between different MHC 
molecules and different foreign antigens 
made? Until relatively recently it would 
have been a good bet that the critical stage 
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for both discriminations was at the first 
encounter of a mature T cell with foreign 
antigen X. At this stage X is undoubtedly 
presented to the immune system by a 
specialized presenting cell which, in 
addition to trapping antigen, also carries 
MHC allelic products. If X and an MHC 
product are recognized together in some 
association by a subset of T cells, for 
example killer cell precursors carrying a 
receptor of the appropriate specificity. 
then the killer cells that are activated will 
kill only those targets which simila 
express both the ‘right’ MHC allele and the 
‘right’ X. Evidence in favour of this idea 
came from studies on the properties of T 
cells from F, hybrids between two strains 










‘Carrying different MHC alleles, A and &, It 


was found that sech animals carried two 
separate T cell populations, one able tore- 
cognize X+A and the other X +A. 
Normally both populations were 
immunized by X, out if X was experiment- 
ally presented to (4 x BF, T cells on-cells 
of homozygous A origin, for example, only 
the A + X reactive subset was activated. 
Of course in all such simple MHC restric- 
tion experiments another class of recog- 
nition process could be imagined where T 
cell activation required that MHC antigens 
on the reactive cell should ‘match’ MHC 
antigens on the antigen presenting cell or 
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amounting to self-recognition could be 
excluded by experiments in radiation 
chimaeras. Irradiated (A x B)F, recipients 
were reconstituted with a mixture of 
marrow cells or foetal liver of homozygous 
A and B origins. T cells of A type grown up 
in such chimaeras could collaborate with B 
cells of B type for the production of 
antibody. Related experiments with 
cytotoxic T cells have also been done 
successfully. These results are perfectly 
compatible with the idea that the specificity 
of H-2 restriction is laid down at the 
moment of antigen presentation. If, 
therefore, ‘self? recognition is involved in 
MHC restriction, T cells must ‘learn’ the 
MHC type of self during their ontogeny: 
self does not necessarily coincide with the 
MHC carried by the T cells themselves. 

The idea that T cells in some way learn a 
range of possible MHC restrictions during 
their ontogeny before meeting antigens is 
now widely accepted (see Nature 272, 11; 
1978). T cells differentiate from their 
precursors in the thymus gland and 
experiments by Bevan', Zinkernagel* and 
cthers gave results which suggested that 
some learning of MHC restriction 
specificity occurs during this maturation. 
Chimaeras were established in which the 
thymus was of MHC type A while the 
differentiating T cells were of F, type 
AxB. When T cells from such A x B >A 
chimaeras were immunized with a variety 
of antigens on A x B presenting cells the 
resultant immune response showed a 
marked bias towards restriction by the 
thymus H-2 type A. The unique capacity of 
the thymus to determine the restriction bias 
was demonstrated by experiments using 
thymus grafts*>-°. 

A great deal of emphasis has been laid on 
this thymic ‘bias’. It seems likely, however, 
that the results may have been greatly over- 
interpreted. If thymus learning of an MHC 
restriction repertoire were absolute, a T cell 
population restricted to MHC type B 
should never be found in animals in which 
A XB T cells had differentiated in an A 
thymus. In fact, however, some responses 
restricted to the B haplotype, albeit 
relatively weak, are often found *’, and 
immunization of such animals with anti- 
gens presented on cells of B type seems 
preferentially to immunize this B-restricted 
reportoire to give substantial responses®. 
There is a thymic MHC restriction bias, and 
it clearly requires an explanation. Never- 
theless it is only a bias, and can be overriden 
by appropriate immunization. 

Another class of experiment says even 
more clearly that ‘learning’ in the thymus 
cannot alone be responsible for deter- 
mining the range of MHC restriction. 
These experiments involve analysis of the 
immunological reactivity of cells from 
normal A donors. The question is whether 
in any circumstances these cells can 
produce an MHC-restricted response to an 
antigen presented on cells carrying only 
MHC type B. Such experiments are com- 














target. Such a like-like requirement - 


plicated by the fact that cells carrying MHC 
type # are strongly antigenic to normal T 
cells of A origin by virtue of the MHC 
incompatibility itself. This alloreactivity 
can, however, be removed from normal A 
T cell populations experimentally by a 
process resembling filtration. Cells from 
normal A donors are injected into the 
blood of irradiated A x B or B recipients. 
Alloreactive T cells from the donor are 
retained in the tissues of the recipient while 
cells unable to recognize the B alloantigens 
pass through the host tissues into the 
lymphatics from which they can be 
collected. Such ‘negatively selected’ 
populations can now be tested for their 
ability to recognize a foreign antigen X 
presented on cells of MHC type B in the 
absence of an alloreaction directed against 
the B alloantigens themselves. These 
experiments often, but not always, pro- 
duce substantial responses restricted by 
B”, When they do, they demonstrate 
clearly that the MHC type of the thymus 
does not necessarily predict the MHC 
restriction repertoire of the T cells derived 
from it. In negative selection experiments 
the ‘wrong’ MHC type is not encountered 
by the responsive population at all during 
ontogeny, yet after appropriate antigen 
presentation a repertoire can be found 
for a response restricted by this MHC type. 

What then, is the explanation for the 
thymic bias in chimaera experiments? For 
the time being this question must remain 
open. There is, however, some evidence to 
support the idea that the thymic bias may 


be maintained in chimaeras by sup- 


pression!?.'4, probably acting on the reper- 
toire at a peripheral rather than thymic 
level. It is as if responses to antigens 
presented by the non-thymic MHC type 
were actively inhibited. It is tempting to 
associate this kind of explanation for the 
thymic bias with the problems faced by 
A x BA chimaeras in the acquisition of 
self tolerance to their MHC alloantigens. 
One specialised function often proposed 
for the thymus is as a place in which 
autoreactive T cells generated by some 
process of repertoire diversification are 
eliminated. If this elimination is normally 
mediated by contact with antigens on the 
non-lymphoid cells of the thymus, A x BT 
cells differentiating in an A thymus cannot 
acquire tolerance of their own B MHC 
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antigens in the normal way. It has been 
shown in both mice and. rats that very 
profound tolerance to MHC antigens 
absent from the fixed cells of the thymus, 
{as in neonatal A strain animals injected 
with AxB marrow at birth) may be 
mediated by specific suppressor cells!>\!*, 
There is no demonstrated mechanism by 
which such suppressor cells work, but the 
effect is to prevent expansion of the anti-B 
reactive repertoire and the animal is 
effectively tolerant of B. The extension of 
these findings to Ax B>A chimaeras 
required for an explanation of the 
restriction bias towards A is to argue that 
the animals maintain a suppression of the 
alloreactive anti-B repertoire, and this 
suppression also includes exogenous 
antigens presented in association with the B 
allelic product. It would be of considerable 
interest to know whether supressor cells 
from an A type donor made neonatally 
tolerant of B at birth can influence the 
restriction repertoire of an A x B recipient 
to mimic the thymic MHC restriction bias 
of an A x B>A chimaera. 

An extension of this argument is that ina 
normal A type animal there is no biological 
need for suppression of reactions restricted 
by MHC-type B. After removal of allore- 
activity against A by filtration, as described 
above, A type T cell populations may 
therefore retain a repertoire able to 
recognize an antigen restricted by B more 
easily than do T cells from Ax B>A 
chimaeras. In experiments involving 
Vaccinia virus in mice Doherty and 


-Bennick have demonstrated this effect 


quite clearly'’. MHC type A T cells 
negatively selected and unreactive against 
Balloantigens can produce a good primary 
anti- Vaccinia virus response restricted by 


MHC type B, while cells from an A x B>A 


chimaera do not. One can argue that in this 
case the postulated suppression of reac- 
tivity to B and B-associated antigens in the 
chimaera is more ‘inclusive’ than the 
depletion of reactivity to B by negative 
selection. 

It is obviously time to re-evaluate the 
thymus learning experiments. Clearly 
something special happens in the thymus: 
the question is, what? I can think of three 
clearly distinct functions for the organ, 
firstly, the functional differentiation of T 
cells from immunologically incompetent 
precursors; secondly, the distribution of a 
diverse repertoire among separate clones of 
cells by repeated cell division; and thirdly, 
the elimination of autoreactive cells from 
that repertoire to induce self tolerance. 
Only the third process involves specific 
interference with the response repertoire. 
Although there may not be a fully con- 
sistent argument available, it is tempting to 
attribute the normal MHC restriction 
behaviour of T cells to the specificity of 
normal self tolerance induction in the 
thymus, and abnormal MHC restriction 
behaviour in A x B>A chimaeras to an 
abnormal mechanism of induction of self 


gree 


tolerance ina non-thymic site. C 
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Pb-Sr-Nd isotopic correlation and 
the chemistry of 
the North Atlantic mantle 
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The Pb, Sr, Nd isotopic composition in North Atlantic mid-oceanic ridge basalts has been measured. A positive correlatio: ps 
found between Sr and Pb and a negative one between Nd and Sr. There is also a negative correlation between Hf/ TI 
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Ta/ Th and isotopic ratios such as 87 Sr /*° Sr or °° Pb/? Pb. Using the data for oceanic island basa'ts with these coherent 


geochemical characteristics we discuss the origin of chemical variations in the North Atlantic mantle and the problem of i} 


mantle geochemistry. 


7 





paccuvarevaneracaninannca! yaar Leper iao 


SINCE the discovery of the variation of Nd isotopes in the 
terrestrial mantle’, it has been argued that this variation seems 


to be anticorrelated with Sr isotopes but not with Pb isotopes. a 


This problem is well expressed by the Sr-Pb isotope ‘non- 
correlation’ plot established by Sun and Hanson*’. Thus Pb 
isotopes do not apparently follow the same logic as Nd and Sr 
isotopes in the mantle geochemistry and have been one of the 
problems in understanding mantle evolution. We have tried to 
clarify this problem by careful study of a restricted area and then 
by applying the results to other parts of the world. We also 
include a discussion of trace elements. 

We have analysed tholeiites from 15 different sites of the 
Mid-Atlantic Ridge. Their locations are indicated on Fig. 1. The 
FAMOUS area has been studied in detail, and our results will be 
published elsewhere. We give here only mean or key samples 
from this area. We have measured Pb and Sr isotopic composi- 
tions on the same sample in each case with special treatment for 
Sr to minimize seawater exchanges. The positions, results and 
error limits are ave in Table 1. 
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15 60 45 30 48 
Fig. 1 Situation of the North Atlantic MORB samples. 
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Isotopic results 


For the North Atlantic ocean, the expected inverse correlation 
between the Sr and Nd isotopic compositions is observed (cee 
refs 1, 4, 5 and Fig. 2c). Comparison of the *°Pb/?*Pb with 
207 Dp / 203P and Bb /?Ph with 7° Pb/°Pb diagrams give 
quite good correlations as was suggested by Tastumoto’s work” 
on Pb isotopes in oceanic ridge basalts (Fig. 2a). 

In contrast, the direct correlation between the Pb isotopes and 
the Sr isotopes is less expected (Fig. 2b). An inverse correlation 
between Nd and Pb isotopes is, of course, also obtained. Such an 
observation is true for *’°Pb/**Pb as well as for the other Pb 
isotopic ratios. Note that one sample’ is slightly out of cor- 
relation. When Sr isotopes were analysed for this sample by 
White and Schilling’ without any treatment (leaching or diop- 
side separation) a °’Sr/**Sr ratio of 0.70347 was obtained. 
Leaching lowers their value and as our leaching was incomplete 
our value may still be slightly too high, in which case ‘he 
correlation could become perfect. 

To appreciate this result one must remember that the Pb 
system on one hand and the Nd-Sr system on the other have 
been generally considered as being decoupled. This follows frem 
Sun and Hanson’s’ plot in which a large cloud of points is 
observed rather than the line in the Nc—Sr diagram. We heve 
then, for the first time, a coupling between Sr and Pb isotopeson 
mid-oceanic ridge basalts (MORB), which is exactly opposite to 
what has been claimed by Vidal and Dosso". These remarkable 
regularities, also obtained by Cohen et ai.” but on samples frem 
more dispersed geographical areas in diferent oceans, are the 
basis of our following discussion. 

Assuming that the present day Nd isotopic composition of the 
closed mantle is equal to that of achondrites and chondrites, th 
corresponding values of *’Sr/*°Sr and Rb/Sr ratios can be 
deduced from the correlation diagram of Nd~Sr. These values 
are 0.70475 and 0.03 (ref. 10) with large errors. Using the same 
procedure for the Pb isotopes with our Sr~Pb isotope cer- 
relation, where we have more data. We obtain the following 
values: 

















2065p, PPh a 21,322 
°8Pb/?™Ph = 41.5-42.3 


These values are called the ‘planetary lead Atlantic’ valwes 
(PLA) because they correspond to the planetary Sr in the 
correlation ee eee Application of these values to the classical 
Pb /?4Pb, 20 Pb/7 Pb diagram reveals immediately that the 
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Geographical coordinates : 


_ Table 1 Location and Sr and Pb isotopic composition of the samples studi 
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ADS.S5 IFN 40° 27'W 
Lep 44 
395A 33-2 22°N 
9-13 
9-13 Leaching for lead 
395A 49-2 
13-17 22°N 
Leg 49 hole 
413 36°32.6'N 33°10.5'W 
2,608 m 
Leg 49 hole 
4127 2-5 36°33 74'N 33°09 96'W 
2,609 m 
hole 
412141 32-35 36°33 74'N 33°09 96'W 
2,609 m 
Leg 49 hole 
4112 12-13 36°45 97'N = 33°23 30'W 
1,935 m 
DR 17 38°N =31°S0'W 
DR 24 39°N = 30°W 
TR 122 3D4 4VP139°'N 29°35.4°W 
2,675 m 
Leaching for lead 
Leg 49 hole 410 
41 45°30.51'N 29°28 56N 
2,975 m 
55-60 
TR 138 1AD 46°31 6'N 27°29, W 
2,400-2,550 m 
Leaching for lead 
TR 138 6D1 50°02 6'N 28°56.0'W 
glass 3,360-3,380 m 
whole rock 50°02 6'N 28°56.0'W 
3,360-3,380 m 
Gibbs Fracture 
zone DIM S2°596'N 34°58 7'W 
1,875 m 
Leg 49 hole 
409 17 35-40 62°36 98'N 25°57 17°W 
832m 
Leg 49 hole 


63°56 SFN 30°34 56'W 
2,472 m 


407 42 87-89 


Leg 52 Jurassic 
15-3 


18.709 15.508 38.16 1 
18.670 15.496 38.12 0.70270 
0.015 0.017 9.08 0.00004 
2 
18.279 15.467 37.65 0.70233 
0.014 0.016 0.08 
18.203 15.469 37.61 
0.014 0,016 0.05 
18.211 18.476 37,62 
0.019 0.020 0,06 
3 
18.706 15.524 38.41 
0.025 0.022 0.07 
4 
18.965 15.555 38.52 
0.012 0.015 0,05 
18.949 15.579 38.42 0.70299 
0.015 0.017 0.05 9.00006 
§ 
18.844 15.559 38.29 
0.015 0.016 0.05 
19.261 15.603 39.04 0.70307 6 
0.022 0.618 0.06 0.00008 
19.444 15.587 38.98 0.70315 7 
0.018 0.018 0.06 0.00007 
18.253 15.502 38.08 0.70299 8 
0.015 0.018 0.05 0.00009 
0.70298 
0.00007 
strong leaching 
18.381 18,515 38.19 
0.024 0.024 0.07 0.70298 
0.00007 
9 
19.730 15.619 39.70 0.70346 
0.018 0.019 0.06 0.00004 
18.355 15.483 38.51 0.70316 10 
0.017 0.021 0.07 0.06009 
18.319 15.447 38.43 
0.021 0.025 0.07 
17.826 15.412 37.36 11 
0.021 0.021 0.065 
17.798 15.420 37.33 0.70231 
0.012 0.015 0.05 0.00006 
12 
18.24 15.49 37.9 
0.09 8.09 0.2 
13 
18.790 15.516 38.22 0.70299 
0.015 0.016 0.05 0.00006 
14 
19.058 15.528 38.43 
0.92 0.023 0.07 
18.559 15,488 37.76 15 
0.018 (1.020 0.06 
18.483 15.506 37.79 
0.015 0.016 0.08 


The values obtained by Tatsumoto** on AD 5.5. are reported; all the others are our results. Mattinson*' measured Pb isotopes in some samples from the Leg 49 sites. We 
have obtained good agreement with his results. The Pb, Sr and Nd compositions have been measured using the techniques described respectively by Manhes er al.”°, Birck 
and C. J. A.” and Richard et alt We have used the leaching technique on all samples for the Sr isotope compositions and also for some Pb measurements. 


PLA values do not correspond to the closed system reference 
geochron (Fig. 2a), but are clearly in the so-called (J) field. This 
indicates that the U-Pb system has had an open system evolu- 
tion through geological time. As, by definition, a planetary value 
should correspond to a closed system situation, the PLA values 
are certainly not planetary in the same way as Sr or Nd. 


Relationship with trace elements 

Trace elements are generally more difficult to handle than 
isotopic ratios because their concentrations are modified 
by magmatic processes (partial melting+fractional 


crystallization + other processes such as seawater interaction). 
Some elements are strongly enriched into the liquid during 
magmatic processes and are unmodified by interaction with 
seawater. Therefore their ratios can be considered represen- 
tative of their mantle source. Such elements, called H elements 
by Treuil and Joron’, are Hf, Ta, Th, La, Zr, Nb. We have a set 
of values for some of them in the North Atlantic published by 
Joron et al.” and Wood et al.'*:'*. Here we try to use only these 
elements, to avoid the secondary effects which would obscure 
the picture. 

Sr and Pb isotopes have been compared with some H element 
ratios on Fig. 3a). Even if only five different sites can be used for 


kaeran eitn aaee 


Nature Vol. 286 3 July 1980 


H elements, an inverse correlation is obtained between Sr or Pb 
isotopes and ratio like Hf/Th, La/Th, Ta/Th. The values 
obtained by Wood et al.'* on samples from 63°N (site 13) seems 
anomalous as the ratios vary strongly within the site. If the 
Hf/Th, La/Th, Ta/Th ratios are considered which correspond 
to the *’Sr/*Sr planetary value a set of values is obtained which 
are very different from the chondritic values. For example 
Hf/Th corresponding to ®"Sr/*°Sr = 0.70475 is about 1, while 
the chondritic value is about 10. 

In a plot of Hf/Th versus Ta/Th where the ratios have the 
same denominator, mixing processes are represented by a 
Straight line, as in the lead isotopes plot. The most remarkable 
-observation (Fig. 3b) regarding the results for the North-Atlan- 
s MORB is that they do not define simple straight lines. 
_ Therefore the variation for the North-Atlantic MORB source 

cannot be generated by a simple two-end member mixing 
process. Such a conclusion agrees with that of Langmuir et al.'° 
which was obtained using different elements. 









The ‘regional’ variations 

A cross-section of regional variations along the ridge can be 
made from Iceland to the South. With our new Pb and Sr data 
which have been corrected for seawater contamination by a HCI 
leaching technique, we can draw two important conclusions 
from the regional variations which have been a source of con- 
fusion in the past. 


(1) There is no clear correlation between bathymetry and iso- _ 


topic ratios. Certainly some correlation occurs between the 
depth of the ridge and some trace element contents, especially 
for the incompatible ones, but this probably reflects a cor- 
relation between the bathymetry and the degree of partial 
melting rather than the composition of the mantle source. On 
the North-Atlantic scale, there is no clear correlation between 
bathymetry and isotopic ratios which would directly reflect the 
nature of the mantle source. 

(2) The variation from Iceland to the South is not dominated by 
only two ‘hot spots’ (Iceland+ Azores). Our Pb, Sr and Nd 
isotopic results reinforce those of White and Schilling’ on Sr 
isotopic composition because Pb and Nd are not sensitive to 
alteration. The variations are such that if one wants to interpret 
the variations of isotopic ratios by a ‘hot spot’ model, a third hot 
spot must be added around 45°N and perhaps another around 
OPN. 


5 10 15 20 









Siope 0.108 720.007) 





Nd-Sr correlation 





Fig. 2 Results for samples from North Atlantic tholelites. a, “"Pb/*“ Pb 
versus 7° Ph/? Pb. The regression line has a slope of 0.1057 0.007. The 
model age is 1,720 Myr. b, Correlation ®’Sr/**Sr versus "Ph Pb for 
North Atlantic MORB. Lead isotopic Atlantic planetary values are deter- 
mined from *’Sr/**Sr planetary value (0.70475), c, Nd~Sr isotopes cor- 
relation for the North Atlantic basalts. Data for MORB are from refs 1, 4,5. 





Fig. 3 a, ®’Sr/*°Sr versus ?°*Pb/*™Pb versus HF/Th or La/Th trends for North Atlantic MORB. Data are from refs 12- i4 and this paper (chondritic values are 
_, from refs 42, 43). The HF/Th and La/Th ratios are the mean value of these ratios for each site. The error of 0.1% for the isotopicratios is taken as being equivalent to 
the dispersion observed on the FAMOUS site where many samples have been measured ™®. b, Ta/Th versus Hf/Th or La/Th trend for North Atlantic MORB. (Refs as 

in Fig. 4.) The dashed line area corresponds to oceanic islands domain (data from ref: 21). 
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Comparison of the North Atlantic MORB 
with other oceanic basalts 


Only a few results have been obtained on the same samples for 
Pb-Sr-Nd isotopes (Fig. 4) using modern techniques and leach- 
ing or diopside separation to eliminate Sr seawater contamina- 
tion. The only available results are those of Cohen et al? on 
volcanic glasses and some of our unpublished results on Pacific 
and Indian oceans. Pb-Pb or Sr~Pb diagrams show a very good 
positive correlation which is identical with our Atlantic lines. 
Thus the values for Pb isotopes corresponding to the planetary 
strontium isotopic ratio are about the same as PLA. This being 
so the above anomaly should be considered a worldwide 
characteristic and not a local one. 

We do not have measurements for some other oceans but 
preliminary data for the Pacific MORB seem to plot on the 
general trend in the Hf/Th Ta/Th) diagrams (H. Bougault, 
personal communication). 

As Pb, Sr and Nd isotopes have been analysed in Icelandic 
samples '’*°and in the Azores islands (see ref. 15 for Pb; refs 1, 
22 for Sr and Nd) we can then try to place these samples with 
respect to MORB in the (Sr, Pb) isotope correlation diagram. 

Iceland, Terceira, Corvo and Santa Maria are roughly in the 
correlation band. Other islands, like Faial or Sao Miguel are out 
of the trend. Sao Miguel is also outside the (Nd—Sr) main trend’. 
However, a more careful analysis shows that two populations of 
oceanic island basalts which do not follow the trend are older 
than the others. For instance, only the old part of the Sao Miguel 
island does not really follow the trend. All other islands, includ- 
ing the Canary Islands”*, plot around the main trend. Of course, 
this argument is rather statistical but the positive correlation 
including the North Atlantic islands is clear. 

Although different isotopic ratios were often found in 
separate samples we will use the compilation of Sun’ (Fig. 4). 
Such a compilation shows that the basalts from oceanic islands 
define a large band completely outside the MORB (Pb-Sr) or 
(Pb-Pb) correlations. In the (Pb-Sr) correlation diagram such a 
band can be even considered ‘orthogonal’ to the MORB’s trend. 
In the (Pb—Pb) diagram, there is also a clear distinction between 
these two populations. Such a behaviour is in great contrast with 
the (Sr-Nd) diagram, which exhibits the correlation for both 
MORB and OIB. 

We also want to emphasize another major difference. In the 
Sr-Nd diagram, the values observed for OIB can be interpreted 
as the result of a material derived from a planetary reservoir and 
contaminated by the MORB reservoir during its ascent. In 
contrast, for Pb isotopes, the OIB reservoir is clearly in the (J) 
type field, and thus corresponds to a largely open system 
(independent of any contamination by the MORB reservoir). 
Thus the OIB reservoir is certainly not the protected closed 
system proposed by Wasserburg and De Paolo”®. 





0.704 


0.703 





17.5 18.5 19.5 20.5 
206Pb / 204 Ph 


Fig. 4 °’Sr/*Sr versus °°*Pb/*™Pb for oceanic basalts. Oceanic 

island basalts do not seem to be correlated (dotted area from ref. 3) 

whereas MORB data define a positive correlation from our data 
and those of Cohen et al”. 
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We have plotted a large number of data concerning oceanic 
islands in (Hf/Th, Ta/Th) and (La/Th, Ta/Th) diagrams (Fig. 
3b) which show that Ta/Th ratios from MORB and OIB, 
although distinct are very similar, and not too far from chon- 
dritic values. In contrast Hf/Th and Hf/Ta ratios are much 
lower in OIB than in MORB, and are very different from 
chondritic ratios. Unfortunately as Hf is less hygromag- 
matophile than Ta, Th and La (ref. 11) and because alkali basalts 
are created by small degrees of partial melting (with perhaps 
more or less fluid transfer and metasomatism), one does not 
know whether the Hf/Th and Hf/Ta ratios for OIB reflect that 
of their source or result from their formation processes. Thus we 
shall not include these ratios in the discussion of OIB sources. 


Theoretical interpretations 


The main result of the previous investigations is that we clearly 
have a coherent behaviour of the Rb-Sr, Sm—Nd, U-Th—Pb and 
Hf, Ta, Th, La systems for the North Atlantic province. This is 
the first demonstration of such a coherence with such detail. We 
will now try to explain the significance of these trends. 

Models can be built in which the mantle heterogeneity is 
created by liquid-solid fractionation processes operating 
through geological time”. In this context, the inverse cor- 
relation between Nd and Sr isotopes, and the *’Sr/*°Sr depletion 
compared with planetary values can be easily interpreted”. 
These observations can be understood if one remembers that Rb 
is enriched in liquid compared with Sr, and that Nd is enriched in 
liquid compared with Sr. 

If the U~Th-—Pb system is taken into account in this model, the 
positive correlation between Pb and Sr isotopes indicates that U 
and Th are more enriched in magmatic liquids than Pb. This 
conclusion agrees with the observations made in magmatic 
suites” and apparently solves the Pb paradox previously poin- 
ted out by C. J. A.*”. However, as we have mentioned above, the 
problem with Pb is that the ‘planetary values’ determined from 
the correlations are not on the Pb-Pb closed system curve. 

In the same way, the negative correlation between Hf/Th, 
Ta/Th, or La/Th and *’Sr/*°Sr correspond to the fact that Hf, 
Ta or La are less enriched in magmatic liquids than Th. The 
slopes of the correlation lines in Hf/Th-Ta/Th and Hf/Th- 
La/Th diagrams indicate the degree of relative enrichment of 
Hf, Ta and La in the liquid. Then we can deduce the following 
increasing order of enrichment in the liquid: Hf < La < Ta < Th, 
which corresponds more or less to what can be established from 
the observation of the trace element fractionation in magmatic 
suites''. 

The preceding observations lead us to distinguish, on a 
worldwide scale, the existence of two reservoirs, one for MORB, 
one for OIB. Such a distinction was in fact made in the first 
isotopic measurements on MORB by Tatsumoto® and was 
subsequently adopted by others’*’. However, we feel that evi- 
dence presented here reinforces such an interpretation. Our 
description of these two reservoirs differs from the usual one. 
We do not consider here the subcontinental lithosphere which 
constitutes another reservoir, and this is discussed elsewhere*?. 

The MORB reservoir is called the upper mantle, the OIB 
reservoir is considered to be the lower mantle. The OIB is 
probably partly contaminated by the MORB reservoir during 
ascent. 

The upper mantle is isotopically extremely coherent but not 
homogeneous. The data for the Atlantic as well as the Pacific or 
Indian basalts (ref. 9 and our unpublished data) clearly indicate 
that variations may occur on regional scales. For trace elements, 
such variations are even more pronouned compared with the 
lower mantle. The variations observed in MORB are not the 
result of contamination by OIB as is usually claimed, but are 
created by the geodynamical system linked with the seafloor 
spreading which implies chemical fractionation. Imperfect 
homogenization results from convection. The basis of such 
processes which can be called ‘chemical geodynamics’ are dis- 
cussed elsewhere” >, 
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Fig. § a, Fractionation of U/Pb ratios in the early history of the Earth by core formation creates variations of Pb isotopic ratio only. b, The formation of the 

continental crust fractionates both Rb/Sr and U/Pb ratios, creating variation of Sr and Pb isotopic ratios. c, d, The transformation of the whole mantle inte two 

independent cells leads to the creation of two types of reservoirs with distinct isotopic characters: relatively homogeneous and less radiogenic MORP reservoir 
compared with a heterogeneous and more radiogenic OIB reservoir. 


The lower mantle is the source for OIB but is not an homo- | 


genized, uniform reservoir. It may be more uniform for Sr, Nd 
and H elements than the upper mantle, but strongly hetero- 
geneous for Pb isotopes and then U/Pb ratios. This reservoir is 
not planetary for Pb isotopes, for some H elements, and prob- 
ably also for Sr or Nd as has been shown for Sao Miguel*’. This 
means that the reservoir has been fractionated in some way. 
The different behaviour of Pb isotopes compared with Sr 
isotopes is illustrated by the lack of Pb-Sr correlation for OIB 
and by the planetary Atlantic values being in the J-field in the 
Pb-Pb diagram. There have been two interpretations for these 
features: 
(1) An interaction between the core and the lower mantle has 
been admitted through geological times; Pb is buried in the core 
because it is chalcophilic and the core contains suphide. The rate 
of burying is assumed to decrease exponentially with time, with a 
time constant of 5,000 myr. This mechanism had been pre- 
viously considered for a short period just after the differen- 
tiation of the Earth****. Vidal and Dosso” have also discussed 
this hypothesis but in their model, Rb was also buried; in such a 
case the Nd-Sr correlation would be destroyed, which does not 
occur. Although this long-term interaction has not been pro- 
posed by geochemists it agrees with the suggestion by Runcorn™ 
of a continuous, but decaying with time, growth curve for the 
core. 
(2) The alternative interpretation proposed by O'Nions et al.” 
allows a reinjection of sediments into the lower mantle. These 
sediments are H elements enriched by upwards migration within 
the continental crust. Reinjection rate decreases with time. 
However, the similarity of hygromagmatophile element ratios 
such as Ta/Th and La/Th for MORB and OIB does not favour 
such a model. Furthermore, this model would decouple Sr and 
Nd isotopes but not Pb and Sr as it is U and Rb simultaneous 
enrichment of the upper continental crust which is observed. 
Note that a fundamental consequence of our observations is 
that the two reservoirs were connected at some time in the past. 
The Pb isotopes systematic of MORB clearly show that the 
PLA values are anomalous. One way of explaining such 
anomalies is by assuming that the upper mantle exchanged with 
the core in the past. Some convection between upper mantle and 
> core is needed. In the same way, H elements in the lower mantle 
<. should have been fractionated through time as their values are 
not chondritic. These elements have no chalcophile or sidero- 
hile character and the interaction with the core has no effect on 





hem. The method of fractionating such elements is related to 





liquid—solid fractionation (or CO,-magma fractionation?) or in 
other words to processes associated with the surface activity. 
This also leads to the conclusion that the two reservoirs were 
once linked. 

Hence we conclude that convection cells affected the whole 
mantle during the Archaean and maybe en ater, Dering that 
time seafloor spreading and continental crust diff 
occured at the same time as the core~ 
the convection cells broke up and sp 
ously differentiated an upper mantle. T 
mechanism remains unclear. In the lo 
system fractionated further, as probably did all 
and chalcophile elements. The upper cells, robadh y of smal 
dimension, are fractionated further through continer ate : 
formation and vigorously stirred by advection. This ¢ 
presently observed patterns of isotopic variations in MORB. 
And indeed, ~2,000 Myr are necessary to create the observed 
variation for Pb, Sr and Nd isotopes by such a process (Fig. 5). In 
which case a separated upper mantle would be an old 
phenomenon. 
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given by Schilling, all the others were given by the COB. We 
thank D. Rousseau, M. Polvé, G. Manhes, O. Brévard and J. F. 
Minster for their help, and H. Bougault for discussions. 
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Palaeomagnetic polarity to the base of the Mammoth subchron (3.15 Myr) has been determined in a core of lacustrine 
sediments from ancient Searles Lake. The magnetostratigraphy provides a chronological framework for palynological, 
tephrochronological and palaeoecological studies of the core. Five zones of inclination are found that are not in the polarity 
time scale of Mankinen and Dalrymple. Three of the zones may correlate with K-Ar-dated lava flows of that polarity 


elsewhere, and the other two may be new discoveries. 





A 930-m, surface-to-bedrock core from Searles Valley, Cali- 
fornia (35°43'N, 242°40’E), has been used to study palaeo- 
climate in the western US’. The upper 695 m is sediment from 
Searles Lake, now dry; the remaining 235 m is arkose deposited 
by intermittent streams on an alluvial fan. The history of climate 
is in the Searles Lake deposits, the mineralogy and chemistry of 
which varied with the growth and recession of the lake”. The 
presence or absence of the lake closely mirrored changes in 
climate, for Searles Lake was near the terminus of a chain of 
lakes fed by runoff from the Sierra Nevada”. As such, Searles 
Lake was perennial and deep during wet (pluvial) periods; 
during dry (interpluvial) periods like the present, the lake 
shrunk to a playa or a salt flat. 

A useful interpretation of palaeoclimate must be keyed to an 
accurate time base, which is also a requirement of corollary 
investigations (palynology, tephrochronology, palaeoecology), 
in progress, on the core. Radiocarbon dating of the upper ~50 m 
of valley fill is extensive *”’, but radiometric dating of sediment 
beyond the range of C has not been successful. The 
palacomagnetic data reported here provide the necessary 
geochronology for the older portion of the core. 


Searles Valley core 


The core, called KM-3, was drilled in 1968 by the Kerr-McGee 
Chemical Corporation, which mines subsurface brines in Searles 
Valley, and in 1976, KM-3 was released to the US Geological 
Survey for scientific study. The core has a 9-cm diameter, and 
because of cracking during drying, is in pieces no longer than 
50cm each. However, some edges may be matched so that 
longer pieces can be reconstructed, some approaching 2 m in 
length. 

Relatively thin, alternating layers of mud and salines make up 
the intervals between depths of 0-38, 69-228 and 291-403 m. 
Thick sections of deep-lake muds lie between depths of 38-69, 
228-291 and 542-693 m. The interval between 403 and 542 m 
is brown sediment formed mostly in a playa lake’. (Conforming 
to accepted terminology’’, we use ‘salines’ for the evaporite 
minerals, and ‘mud’ as a general term for clay, silt, and marl that 
was moist and plastic when extruded as core; now dry, the clay 
and silt are claystone and siltstone, respectively.) 

* 


There are numerous tephra layers in the core, and a sequence 
of them in the interval 169.3-178.6 m may represent the Bishop 
Tuff (R. Hay, personal communication), a pyroclastic erupted in 
Long Valley (California) ~0.7 Myr ago*”. A more positive 
identification of the tuff would provide an important time-line in 
the core, and this is in progress. Two other tephra layers lie near 
the bottom of the lacustrine section (684.0 and 690.9 m); if they 
too can be traced to their source and dated, another cross-check 
on the magnetostratigraphy will be available. 


Sampling and laboratory procedures 


Palaeomagnetic samples were taken at intervals of ~3 m or less 
in non-saline portions of the core below 100 m depth. Above 
100m, the core is not sufficiently intact to be reliable for 
palaeomagnetism. The large diameter of the core allowed us to 
take three specimens at each measured horizon. Each specimen 
was encased in a polythyrene box of 6.6 cm’, and the specimens 
from a horizon had the same relative azimuth, 

For each subset of specimens, we partially demagnetized one 
specimen in stepwise increments to 300 Oe peak alternating 
fields or higher, and demagnetized the other two at the median 
destructive field. This was 200-300 Oe (Fig. 1) for about 80% of 
the specimens; for the remaining specimens (from saline-rich 
horizons), the median destructive field was 50-150 Oe. Within 
most subsets, and almost always below 400m where the 
remanence is nearly 100-fold stronger than that of saline-rich 
zones, the grouping of magnetic vectors is good—the spread of 
values of inclination being commonly <5°. Samples taken at 
581.0 and 619.8 m (brown mud deposited in a playa) were 
thermally demagnetized, and the directions were compared with 
those of the a.f. demagnetized specimens from those depths; in 
each case, there was no appreciable change in the magnetic 
vector (Fig. 1). 


Magnetostratigraphy in Searles Valley 


Interpretation of polarity change in KM-3 is most convincing if 
linked to one or more reliable markers in the Pleistocene. 
Although only tentatively identified in the core, the Bishop Tuff 
would serve as one such calibration point because it lies near the 
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Fig. 1 Normalized a.f. and/or thermal demagnetization curves 
and equal-area. plot of palaeomagnetic directions for: a, three 
specimens from 480.5 m (reversed polarity); and 6, from 581.0 m 
(normal polarity The azimuth of specimens within each horizon is 
the same, but different between horizons. In b, specimen A was a.f. 
demagnetized; ‘specimens B and C were thermally demagnetized. 
The dashed line in qual-area plot represents inclination of an 
axial dipole field (5 esite latitude; solid symbols are plotted | 
on the lower’ her phere, open symbols on the upper. a 
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Brunhes/ Matuyama boundary”. Indeed, the ores ikoni 
_of negative inclination is at 195.0 m, or ~15 m below the zone of 
tephra layers that is thought to represent the Bishop Tuff. The 
nearest overlying horizon of positive inclination is at 174.9 m, so 
we interpret the Brunhes/Mayuyama boundary at 185.0+ 
10.0 m (Table 1). The underlying ~320 m is predominantly of 
negative inclination (Fig. 2), which we assume to represent the 
Matuyama chron. Below that, the predominantly positive 
inclination is most probably the upper part of the Gauss chron. 
Assuming that we have correctly identified the Brun- 
hes/Matuyama and Matuyama/Gauss boundaries, it is then 
possible to plot age against depth to identify the zones of positive 
inclination within the Matuyama chron. From Fig. 3 it can be 
readily ascertained that the zones centred at ~210 m, 390 m, 
410 m, and 450 m correspond to the Jaramillo, Olduvai, and 
two-part Réunion subchrons, respectively. Further, the zones of 
negative inclination in the Gauss chron that are centred at about 
630 m and 660 m would correlate to the Kaena and Mammoth 
subchrons, respectively (Table 1). 

Note in Fig. 3 that there is a nearly linear relationship between 
the position of the polarity boundaries and the age assigned to 
them using the time scale of Mankinen and Dalrymple’’. This is 
especially true for sediment below 400 m, where the lack of 
saline layers allows an approximation of uniform sedimentation 
rate. For those 295 m, spanning nearly 1.2 Myr, the average rate 
of sedimentation is ~40 yr cm™' (0.25 mm yr~'). It is difficult to 
calculate sedimentation rates for other parts of the core because 
the time represented by saline layers can be either very long or 
short; salines initially accumulate more rapidly than mud, but 
this is countered by periods of almost no deposition when the 
lake becomes a seasonally flooded salt flat”, Nonetheless, the 
overall sedimentation rate to 695 mis ~45 yr cm™', or only 10% 
slower than that of mud of the perennial lake. 

. Five zones of inclination in KM-3 are not in the standard 
_ polarity time scale proposed by Mankinen and Dalrymple’’. 

.. Three of the zones may correspond to subchrons that have been 
2 proposed’?! but not universally accepted, while the other two 








could be new. These previously undetected short subchrons are 
not entirely surprising as their existence was predicted on the 
assumption that durations of polarity changes conform to a 
Poisson distribution’’. The advantage of using lacustrine 
deposits such as in Searles Valley to search for short subchrons is 
that the sedimentation rate is at least 50-fold greater than in 
most deep-sea sediments, and is much Jess discontinuous than 
the eruption of lava flows. An obvious disadvantage is that part 
of the core might be inverted, accidentally either during initial 
recovery or some time during the intervening § yr of storage. As 
we were not present at the time of drilling, there is no guarantee 
that the top of the core was properly labelled on the drill rig or 
after splitting and storage; a realistic approach would be to 
assume that part of so long a core was irverted by human error. 
However, this probably did not occur during storage because we 
have compared the present core to Kerr~McGee's colour photo- 
graphs of it taken at the time of recovery. When we removed 
samples, we photographed the potentia'ly useful boxes of core, 
and those photographs have enabied us to check the orientation 
of back-up samples. 

The question of inverted samples becomes critica when 
comparing measured zones of constant poate mi 








of caine to see if any of the Gadana] dola zones ò neli 
tion are restricted to a single core box or coring run, st 
portions could be those most likely to be inverted, Thr 
zones of inclination were found restricted to single coring. runs, 
and resampling of cores from adjacent runs showed that 
inversion of the core was probably not responsible for the zones. 
Additional checks included matching saw marks on the split side 
of the core to see if they were similar from piece to piece ina 


_Storage box, and determining whether the switch in inclination 


occurred between segments of core where the lithology sugges- 
ted a discontinuity. 


Matuyama chron 


The zone of positive inclination that we interpret to be the 
Jaramillo subchron (0.90-0.97 Myr) lies between ~205 and 
220 m (Table 1). It includes four measured horizons and spans 
two boxes of core. The two horizons of negative inclination 
between the top of the zone and where we place the Brun- 
hes/Matuyama boundary (Fig. 2) are also from two boxes of 





Table 1 Location of polarity boundaries and unnamed zones of 
inclination in KM-3 


paiana linn aain 





Boundary Depth (m) Lithology 
Brunhes~Matuyama 185.0+10.0  Interbedded mud. 
Matuyama~Jaramilio 204.94 0.1 and salines 
Jaramillo~-Matuyama 221.2+ 10.6 
Matuyama-—Unnamed zone (N3) 281.1+0.4 Mud (deep lake)... 
Unnamed zone (N3)—-Matuyama 287.7421 i 
Matuyama-Unnamed zone (N2) 322.342.5 interbedded mud. 
Unnamed zone (N2)—Matuyama 330.241.7 and salines — 
Matuyama-Olduvai 378.54 1.1 
Olduvai-Matuyama 398.9+6.4 
Matuyama-—Réunion* 408.344.2 Mud (playa) 
Réunion—Matuyama 424.74 1.7 
Matuyama—Réunion 447.4+1.6 
Réunion—~Matuyama 456.0+4.6 
Matuyama~Unnamed zone (N1) §16.5+1.4 
Unnamed zone (N1}-Matuyama 519.8+ 1.9 
Matuyama-—Gauss §22.9+41.2 
Gauss~Unnamed zone (R2) §69.32467 Mud (deep lake} 
Unnamed zone (R2)—Gauss §80.8+0.3 
Gauss—Unnamed zone (R1) 599.84 0.6 
Unnamed zone (R1)—Gauss 603.3 + 1.4 
Gauss—Kaena , S16.261,5 
Kaena~Gauss 6431+26 
Gauss-Mammoth 651.7 +2.2 
Mammoth-Gauss 683.9+4,2 


* We assume the Réunion to be a amide subaron? g 
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Fig. 2 Palaeomagnetic polarity in Searles Valley core KM-3. 
Shaded region highlights the unnamed zones of inclination, three in 
the Matuyama chron and two in the Gauss chron. In the lithological 
column: unshaded area, salines; black area, mud; spotted area, 
arkose. In the polarity column; hatched area, normal polarity; 
unshaded area, reversed polarity. Age is extrapolated 
from polarity boundaries in the time scale of Mankinen and 
Dalrymple'’, and by assuming a uniform sedimentation rate. Note 
that the time scale ts not linear. 


core, and the horizon of negative inclination below the zone is 
from another box. The switch from positive to negative inclina- 
tion at the top of the zone occurs within one section of core pipe 
(each section is 10 m long), eliminating the possibility that the 
coring run was inverted or mislabelled at the time of recovery. 

The other universally recognized subchron in the Matuyama 

chron is the Olduvai subchron (1.67-1.87 Myr); we place it 
between 379 and 399m (Table 1). This portion of the core 
involves four measured horizons, one each from two different 
boxes of core and two from a third box. The third box also 
contains the horizon of negative inclination at the base of the 
subchron, and the two samples in that box are separated by 
~0.3 m. Again, the change from positive to negative inclination 
occurs within one section of core pipe. 

The two short zones of positive inclination below the Olduvai 
subchron we consider to be the multiple Réunion subchron 
(2.12-2.14 and 2.01-2.04 Myr)’®"*®. The older half occurs 
between 447 and 456 m (Table 1) and includes two measured 
horizons, one each from separate boxes of core that is little 
disturbed. The samples of negative inclination that bracket the 
zone are from two other boxes of core, and the switch in 
inclination is within a section of core. The younger half is 
between 408 and 424 m, and the two samples came from the 
same box of core. As is the case for the older part of the 
subchron, the horizons of negative inclination on either side 
came from different boxes of core. However, unlike the older 
part, the positive inclinations are all in one section of drill pipe 
that was obtained separately from the sections containing the 
horizons above and below; this raises the possibility of an 
inverted section of core. 


Unnamed zones of inclination in 
the Matuyama chron 


The palaecomagnetic record in KM-3 contains three other short 
segments of positive inclination that are not included in the 
Mankinen and Dalrymple time scale’. The youngest (N3; Fig. 
2) is in deep-lake mud between 281 and 288 m (Table 1). The 
zone is found in two boxes of very good core from the same core 
run (the measured horizons above and below the zone are from 
different runs) and terminates 60m below the start of the 
Jaramillo subchron; 54 of these 60 m are deep-lake mud. Using 
the 40 yrcm™' accumulation rate cited above for the mud, this 
part of the core spans ~20,000 yr between 1.24 and 1.26 Myr 
ago. If no time is assigned to the 6m of salines between the 
disappearance of the deep-water lake and onset of the Jaramillo 
subchron, this unnamed zone is dated 1.20-1.22 Myr. 

Mankinen et al.” recently reviewed the evidence for a short 
subchron close to and preceding the Jaramillo subchron, and 
have identified one (Cobb Mountain subchron) in the volcanic 
units near Clear Lake, California. The K-Ar age given the Cobb 
Mountain subchron is 1.12+0.02 Myr, so we cannot closely 
match the urinamed zone of inclination in KM-3 with that one, 
but given the uncertainty in sedimentation rate, the correlation 
is possible. It might also equate with the K—Ar-dated basalt of 
normal polarity in Madiera’® and in the Lesser Antilles 
(Guadeloupe and St Vincent)” if the dates are accurate, and to a 
normally magnetized ash layer in the Osaka Group, Japan, 
having a fission-track age 1.1+0.1 Myr (refs 21-23). 

The zone of positive inclination near the middle of the 
Matuyama chron (N2; Fig. 2) may correlate with the controver- 
sial Gilsa subchron, whose existence has been affirmed and 
denied several times during the past decade**. The three 
measured horizons are in different boxes of core, and the 
samples used to bracket the zone are from two other boxes. 
Although the quality of that portion of the core is good, the 
horizons in question are from a single core run, and the opposite 
inclination on either side is from two other runs. Thus, we are 
concerned about whether the entire core run was mislabeled or 
inverted. 

The oldest zone of positive inclination in the Matuyama chron 
(N1; Fig. 2) is near its beginning and might correspond to the ‘X? 
subchron” that has been seen in some magnetic anomaly data; 
however, it may correlate to the short subchron observed in 
Icelandic lavas very close to the Matuyama/Gauss boundary”, 
The measured horizon is in part of the good core, and the switch 
in inclination occurs within one core run. 


Age (Myr) 





Depth (107m) 


Fig. 3 Depth of interpreted polarity boundaries in KM-3 versus 
age in the polarity time scale''. Shaded area, mud deposited by a 
deep, perennial lake; hatched area, mud deposited by a playa 
lake”. Overall rate of sedimentation is ~45 cm yr" | (dashed line); 
for the perennial lake, it is 40 cm yr. . 
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Gauss chron 


We equate the two zones of negative inclination near the bottom 
of the lacustrine section with the Kaena subchron (2.92- 
3.01 Myr) and Mammoth subchron (3.05-3.15 Myr). Each 
represents at least five measured horizons, and they are in 
different boxes of core. The two horizons of positive inclination 
that separate the subchrons are also from separate boxes of core, 
and the switch of inclination occurs in one core run. 
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Unnamed zones of inclination in 

the Gauss. chron | 

Reversed magne niert occur in upper Gauss time in mud from 
a perennial, de ike, the sediment type we believe to be the 
most reliable » ïc recorder in the core. Using estimated 
sedimentation 

























older one (R1; Fig. 2) perhaps 20,000 yr. 
1¢ Matuyama—Gauss boundary (2.48 Myr) 
these zones are then 2.67-2.71 and 
ively. Some reversely magnetized K-Ar- 
i this age range have been reported: two 
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where the inclination switches is 0.46m, or slightly: 
1,000 yr using the assumed sedimentation rate for th 
the core. Three closely spaced horizons of good core d : 
older zone, and the horizon above and below are in dit ; ferent 
boxes of core and at least 2.2 m apart. | 


Conclusions 
Based on the record of separa rer yi 







record is probably a result of the jnterplay of tectonics and 
climatic events’. 

Five unnamed zones of inclination are present in the core, and 
four pvolve two or more eeure. horizor is > thre 







universally accepted. The two inpaned zones in tl 
chron occur in good-quality core, and the change from pi = 
to negative inclination for both zones occurs in single, 10-i 
sections of core. p 
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_ Nerve growth factors in the rat iris 
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Nerve growth factor (NGF) activity was not detected by bioassay in irides killed immediately after excision but NGF 
appeared within 24 h in living irides placed in culture or grafted to a host eye. Furthermore, sensery and, although less 
effective, sympathetic denervation of irides in situ led within 10 days to the appearance of NGF activity. In addition, freezing 
and thawing released a parasympathetic neuronotrophic factor activity from irides. 





THE protein nerve growth factor (NGF)' has been suggested to 
mediate trophic influences to sympathetic and sensory neurones 
. from innervated target organs’. However, little is known about 
- the. distribution of NGF in peripheral tissues to support this 
concept’. Except for some very rich sources of NGF (the male 
10use submandibular gland’, the guinea pig prostate*), mam- 
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malian tissues are normally inactive when tested as homo- 
genates in the sensitive bioassay based on NGF-susceptible 
embryonic ganglia. We now show that explants of the adult rat 
iris immediately killed by freezing do net contain NGF at levels 
detectable by bioassay but that NGF is readily detectable in 
irides killed by freezing within a day after transfer to a recon- 
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stituted collagen gelf (compare refs 7, 8) or to the anterior eye 
chamber of another rat’. After re-innervation of the iris trans- 
plants, NGF was no longer detectable. Most compelling is the 
fact that the levels of NGF were also raised in irides in situ 10 
days after sensory denervation and, although less prominent, 10 
days after sympathetic denervation. Furthermore, evidence was 
obtained for the actions of a parasympathetic, non-NGF, tro- 
phic factor released from the rat iris after freezing and thawing. 
The results support a role for NGF as a signal initiating and 
directing regenerating sensory and sympathetic fibres in adult 
mammals and suggest that other trophic factors may fulfill a 
similar role in other fibre systems. 


sensory denervation — 
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Fig.1 Schematic representation of the experiments with rat irides 
and the resulting patterns of neurite growth responses in chick 
sympathetic (symp), spinal (spin) and ciliary (cil) ganglia. The 
results are interpreted as evoked by the actions of nerve growth 
factor (NGF), of a parasympathetic neuronotrophic factor 
(paraNTF) and of the simultaneous action of these two. Circles 
represent culture dishes. Irides were from normal rats (left) or from 
rats in which the trigeminal nerve had been lesioned (sensory 
denervation, right). For bioassay sympathetic, spinal and ciliary 
ganglia from 8- to 10-day-old chick embryos were placed sur- 
rounding a living or killed (by freezing to ~20 °C) half-iris in an 
0.3~-0.5-mm thick collagen gel in a 35-mm plastic culture dish. The 
medium of the gel was Eagle's basal medium supplemented with 
1% fetal calf serum, penicillin (100 units ml~') and streptomycin 
(100 pg ml~*). Parallel dishes received in addition 2-5 wl per ml of 
specific rabbit anti-mouse-8NGF antiserum”’, levels that readily 
blocked the activity of 1 biological unit (BU) of NGF. Cultures 
were incubated at 37 °C with 5% CO, in water-saturated air for 2 
days and then examined by phase-contrast microscopy. 


Effects of culturing on NGF synthesis 
in the iris 
To study the content of NGF, irides of adult Sprague-Dawley 
rats were excised aseptically and tested in a ganglionic bioassay 
(Fig. 1). The criterion for NGF activity is an induction of neurite 
outgrowth in the chick sympathetic and spinal ganglia, which in 
parallel dishes can be blocked by antiserum to NGF, combined 
with a lack of fibre response in the ciliary ganglion®. Three 
distinct patterns of neurite outgrowth responses were observed 
(Fig. 1). Living iris explants taken directly into co-culture with 
ganglia evoked neurite outgrowth in the sympathetic and spinal 
ganglia within 20-24 h. Outgrowths developed fully within 2 
days (Table 1), were directed mainly towards the living iris 
explants and had fibre densities resembling those evoked by 0.8 
to 1 biological units of NGF (BU)'. Anti-NGF nearly 
completely inhibited these outgrowths (Table 1, P< 0.01). Thus 
it is evident that the living irides in culture release NGF. The 
ciliary ganglia showed nearly no nerve fibre outgrowth when 
combined with living iris tissue. In control cultures without irides 
all three types of ganglia failed to extend neurites® (Table 1), 
To test whether NGF is present in freshly excised irides or 
whether it is synthesized in vitro, irides were killed by immediate 
freezing to —20 °C for 1 to 30 days and then thawed. No NGF 
activity was detected in such iris tissue in the bioassay (Figs 1, 
2a): in sympathetic ganglia slightly more fibres extended than in 
controls (P<0.05) but anti-NGF did not significantly (by the 
U-test) reduce this outgrowth (Table 1). On the other hand, 
killed iris tissue significantly increased formation of neurite 
bundles in the ciliary ganglia (Fig. 2b; Table 1, P< 0.01). This 
stimulation was not abolished by adding anti-NGF, although the 
antiserum sometimes slightly impaired the response in the cili- 
ary ganglion in this and in the following culture combinations. 
These results suggest the existence in the iris of a parasym- 
pathetic neuronotrophic factor’ (paraNTF), stimulating the 
cholinergic neurones of the ciliary ganglion, and being released 
only after disrupting cells by freezing and thawing. Furthermore, 
the results show that NGF is not present at detectable levels in 
the iris in situ, but that the iris begins to synthesize NGF when 
placed in culture. 


Effects of freezing and transplantation 


To rule out the possibility that the freezing—thawing itself 
destroys NGF activity in the iris, explanted irides were cultured 
for 1 day in order to accumulate NGF before being killed. 
Bioassay demonstrated the same level of NGF activity in these 
explants as in the living ones (Figs 1, 2c; Table 1). Moreover, the 
ciliary ganglia exhibited dense outgrowths of neurites not 
significantly different from those evoked by immediately killed 
irides (Table 1). Thus these cultures showed a pattern of neurite 
stimulation that evidently represents the combined activities of 
NGF and paraNTF (Fig. 1). Anti-NGF inhibited outgrowth of 
neurites in the sympathetic (Table 1; P<0.01) and spinal 
ganglia but did not affect outgrowth in ciliary ganglia. 





Table 1 Relative density of neurite outgrowths in chick ganglia 


With 
Without living 
iris iris No special 
explants explants treatment 
Sympathetic ganglia 
without anti-NGF 0.0+0.0 (8) 1.0+0.0 (9) 0.3+40.1 (9) 
with anti-NGF 0.0+0.0 (8) 0.140.0 (8) 0.2+0.1 (8) 
Ciliary ganglia 0.0+40.0 (8) 0.1+0.1 (5) 0.7+0.0 (5) 


With irides killed after: 


Sympathetic Sensory 
Culture Grafting denervation denervation 
in vitro in oculo in situ in situ 
(1 day) {1 day) (10 days) (10 days) 
1.0+0.0 (9) 4.0+40.0 (5) 0.6+0.1 (10) 0.90.0 (15) 
0.4+0.1 (5) 0.4+0.1 (5) 0.340.1 (7) 0340.1 (11) 
0.8+0.1 (5) 0.8+0.1 (5) 082+0.0 (5) 0.7+0.1 (13) 





Mean values +s.e.m. are given. For each group 5 to 15 ganglia (number given in parentheses) were scored for density of outgrowing neurites after 2 
days on a blind basis. The scores ranged from 0 (no neurites at all) to 1 (maximum density, fibre halo with circular outline). The scores for the two types 
of ganglia are not strictly comparable due to differences in neurite morphology. P values given in the text refer to rankings of the individual scores 


evaluated by the Mann-Whitney U-test. 
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Fig.2 a, Sympathetic ganglion (left) combined for 2 days in culture with rat iris (right) immediately killed after extirpation. No neurites emerge 
from the ganglion. b, Ciliary ganglion in the same conditions. In this parasympathetic ganglion extensive formation of thick neurite fascicles 
(identity controlled by the transmission electron microscope) is elicited by the killed iris explant. c, Sympathetic ganglion with dense fibre 
outgrowth elicited by an iris that had been cultured for 1 day and then frozen-thawed before being tested in the bioassay. d, Sympathetic ganglion 
combined with an iris transplanted to the anterior eye chamber of another rat for 1 day before being killed and tested. e, Extensive neurite 
formation in a sympathetic ganglion evoked by an iris killed 10 days after sensory denervation in situ. f, Inhibition by anti-@NGF of the neurite 
outgrowth in the foregoing combination. Phase contrast micrographs. Scale bar, 0.2 mm. See also ref. 13 for low-power darkfield micrographs of 
total outgrowths elicited by living irides. 


To test whether NGF is produced in the iris only in in vitro 
conditions, the iris was either transplanted to the anterior eye 
chamber of another rat, rather than to a culture dish, or was left 
in situ but subjected either to sympathetic denervation by 
extirpation of the superior cervical ganglion or to sensory 
denervation by lesioning the trigeminal nerve’ (Fig. 1). To 
prevent appearance of NGF during the subsequent bioassay the 
irides were killed by freezing before being combined with 
ganglia (Fig. 1). 

After 1 day in the anterior eye chamber the transplanted iris 
contained the same amount of NGF as iris explants cultured in 
vitro for 1 day (Fig. 2d; Table 1). After 4, 7 and 11 days in oculo 
the same levels of NGF activity persisted but after 1 month, at 
which time the iris transplant had become at least sympathetic- 
ally reinnervated by the host iris”, NGF activity was no longer 
detectable. The responses evoked in the ciliary ganglia were 
the same as those elicited by the other frozen-thawed irides 
(Table 1). 


Role of innervation in NGF synthesis 


Experiments with irides denervated in situ show more clearly 
that the level of NGF is in some way related to the state of 
innervation. Irides taken for bioassay 10 days after sensory 
denervation consistently gave dense fibre outgrowths in sympa- 
thetic (Figs 1, 2e, Table 1; the increase over normal killed irides 
is significant, P<0.01) and spinal ganglia. The resulting out- 
growth could be significantly reduced by anti-NGF (Figs 1, 2f, 
Table 1; P<0.01). Sympathetic denervation for 10 days re- 
sulted in a much less although significant (P < 0.05) increase in 
fibre density in sympathetic ganglia (Table 1). That NGF is 
involved here also is indicated by the significant (P < 0.05) 
reduction in fibre outgrowth by anti-NGF (Table 1). No NGF 
was detected 2 or 4 days after denervating the iris in situ nor was 
NGF found 1 month after denervation (at which time some 
reinnervation is likely to have taken place). Combined sensory 
and sympathetic denervations gave as high levels of NGF after 
10 days as did sensory denervation. For the ciliary ganglia the 


denervations caused no further increase in fibre density above 
that evoked by normal killed irides (Table 1). 

Sections of the ganglia cut for light microscopy at the end of 
bioassay add some information on the survival of neurones in 
response to the irides. In full agreement with the neurite out- 
growth response the ciliary ganglion showed excellent neuronal 
survival after exposure to any iris that had been frozen-thawed 
(Fig. 3a; 19+1 neurone profiles were found within an area of 
0.01 mm’; mean+s.e.m. from sections of 5 ganglia) whereas 
living irides to a less (P<0.01) extent did promote survival of 
ciliary neurones (Fig. 3b; 5+ 1 neurone profiles with living irides 
compared with 1+0 neurone profiles in cultured control 
ganglia, P< 0.05). The outcome for sympathetic ganglia was less 
expected: here the presence of iris tissue enhanced neuronal 
survival whether or not outgrowth of neurites occurred (Fig. 3c). 
The number of neurone profiles was thus 63+4 with normal 
killed irides, which is not significantly different from the 7144 
neurone profiles found with killed irides plus anti- NGF, whereas 
neuronal survival was significantly lower (P < 0.01) in cultured 
control ganglia (Fig. 3d; 3043 neurone profiles). The 
enhancement may be due to an nonspecific, non-NGF, trophic 
influence on the neurones exerted by the presence of serum in 
the explanted irides: thus adding rat serum at 10% by volume 
resulted in 56+ 5 neurone profiles. Rat serum, however, totally 
failed to induce neurite outgrowth in the sympathetic as well as 
the ciliary ganglia. 

The present experiments show that the level of NGF may be 
raised in a mammalian tissue in situ by sensory or sympathetic 
denervation. The results thus favour the concept that a tissue 
after denervation during adulthood, and probably also during 
development, signals with NGF to initiate and attract growing or 
regrowing sympathetic and sensory nerve fibres'’. This view is 
also supported by the finding that NGF content falls to 
undetectable levels concomitant with reinnervation of the iris 
grafts. 

The appearance of NGF in the iris as a result of explantation, 
transplantation or denervation may be the result of an active 
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response of the iris to increase the production of the factor. 
Although less plausible, it may also be that the iris is normally 
drained of the NGF produced in it by retrograde axonal trans- 
port’' to such an extent that the appearance of NGF after, for 
example, denervation represents an accumulation of the factor 
rather than an increased production. 

The amounts of NGF released from the iris explants that 
induce a 0.8 to 1 BU response in chick ganglia (Fig. 2c, d, e) can 
be roughly calculated. The response was evoked only within a 
zone of about 2 mm around the approximately 5 x 1 mm half iris 
in the 0.3-0.5-mm thick gel. Thus the half iris spreads NGF to 
about 10-20 ul of the gel. If it is assumed’ that 1 BU cor- 
responds to 5 ng of NGF per ml and that the NGF is evenly 
distributed, this volume should contain about 40-80 pg. The wet 
weight of the half iris is about 0.5 mg and thus a reasonable 
amount of NGF released is of the order of 80-160 ng per g wet 
weight of cultured or denervated iris tissue. This value is slightly 
higher than that stated by Johnson et al.* measuring the release 
of NGF from irides to a culture medium by radioimmunoassay 
(RIA). Given the limits of detection of NGF activity for the 
present bioassay (0.03-0.06 BU)*, and as we did not detect any 
NGF activity in initially killed irides, this tissue should release 
less than about 5-10 ng of NGF per g wet weight. Johnson et al.” 
stated that the iris initially contains 15-20 ng NGF per g as 
measured by RIA but this may be an overestimation due to their 
technique’*. The present results thus show that the level of NGF 
is increased by at least one order of magnitude in the positive iris 
explants. 

It is noteworthy that sensory denervation was a much more 
potent stimulus for the NGF increase in situ than sympathetic 
denervation (Table 1). One possible explanation for this 
difference may be that the lesioning technique used to obtain 
sensory denervation also damages a considerable proportion of 
the sympathetic axons to the iris. This may also explain why a 
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Fig. 3 a, Ciliary ganglion 
combined with a killed rat iris 
for 2 days in culture. A high 
neuronal survival is evident. b, 
Same but with a living iris 
explant. A massive death of 
neurones, also seen in control 
cultures, is not prevented by 
the living iris. c, Sympathetic 
ganglion cultured with an iris 
killed immediately after extir- 
pation. Despite the addition of 
anti-@8NGF and the fact that no 
or only few neurites extend 
from the ganglion (see Fig. 2a), 
a markedly good neuronal 
survival is induced by the iris 
tissue. d, Sympathetic control 
ganglion cultured without the 
presence of iris tissue. Only a 
few neurones survive in these 
conditions. For data on 
neurone survival, see text. 
Micrographs of toluidine blue- 
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maldehyde and embedded in 
Epon. Scale bar, 20 um. 


combined sensory and sympathetic denervation was not found 
more effective in stimulating the production of NGF than was 
the trigeminal lesion alone. It is also of note that sensory 
denervation has been shown to cause massive ingrowth of 
central noradrenergic fibres into the iris from transplants of 
nucleus locus coeruleus (see ref. 9). Since this nucleus does not 
respond to NGF'* the mechanism for this fibre stimulation is, 
however, unlikely to be a response to the increase in NGF 
demonstrated here. 

A parasympathetic stimulation was evident by irides treated 
by freezing and thawing, indicating the presence in the iris of 
trophic factors besides NGF. Similar trophic factors have been 
found in rat cardiac and skeletal muscle*''*. Factors stimulating 
the ciliary ganglion have also recently been reported in the 
embryonic chick heart®'*'® and chick iris" as well as in 
culture medium conditioned by chick heart’? and muscle cells”. 


Conclusions 


Thus two nerve growth stimulating factors, one affecting 
sympathetic and sensory neurones and the other affecting 
parasympathetic neurones, were found in rat iris tissue. The 
present results provide the first demonstration that the level of 
NGF is raised in a tissue in situ as a result of denervation. Our 
data are in line with the demonstration that immunosym- 
pathectomy’ is brought about by neutralizing endogenous 
NGF”' and support the concept of NGF as a messenger between 
target organs and peripheral neurones in mammals. 
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Monkeypox mutants arising spontaneously or after serial, high multiplicity passage were characterized phenotypicall; ae 


by restriction endonuclease mapping. Some resemble ‘whitepox’ and variola viruses in several of the markers tested 
are distin guishable phenotypically from these. None resembles ‘whitepox’ viruses in genome structure although near- 





terminal deletions or symmetrical, terminal rearrangements, relative to parental monkeypox, occurred. ‘Whitepox’ viruses 
isolated from animals closely resemble variola in both phenotype and genome structure. 





THE last naturally occurring case of smallpox was in Somalia in 
1977 and the WHO is satisfied that a human reservoir of this 
disease no longer exists. Attention is now focused on whether 
there exists any non-human reservoir of variola virus that might 
threaten the permanence of the eradication of smallpox. A few 
cases clinically resembling smallpox have occurred sporadically 
in villages or small towns in the rain forest belt of West Africa. 
These were caused, not by variola virus, but by another pox virus 
called monkeypox’. Monkeypox virus has shown no evidence of 
sustained transmission in man and seems not to be 4 serious 
public health problem’. 

Attempts to find the natural reservoir of monkeypox virus in 
West Africa have so far failed to provide any isolates of this virus 
from wild animals. Four pox viruses, however, which have been 
recovered from specimens of animals caught in Zaire, have 
proved indistinguishable from variola virus by biological tests in 
the laboratory. These four and two similar viruses isolated from 
monkeys imported into Holland from Malaysia have collectively 
been called the whitepox viruses. Their natural history is 
unknown, but there are two reports” * that viruses with the 
laboratory phenotype of whitepox virus have been obtained 
from stocks of monkeypox virus, either from hamsters inocu- 
lated with monkeypox or by cloning on the chick chorioallantois 
(CAM). 

The implication is that monkeypox virus, which does on rare 
occasions infect humans, can also produce, as a genetic variant, a 
virus which may have the same propensities as variola. It is 
clearly important to examine this question as closely as possible. 

Restriction endonuclease cleavage sites were first mapped on 
a pox virus genome by Wittek et al.” and this technique has been 
used by Mackett and L.C.A.° to study the structure and 
relatedness of the genomes of several orthopoxviruses. Here we 
report the early results of an investigation of monkeypox vari- 
ants, both by phenotype and by DNA analysis, to assess whether 
any such variants can be considered identical with whitepox 
viruses in all ascertainable respects. 


Cloning technique 


_ Stage 1: Material sampled from a single pock on the CAM was 
=- homogenized by manual shaking with sterile glass beads and 
= Iml of 4mM Mcllvaine buffer, pH 7.4. The extract was then 
ee treated i in an ultrasonic bath (Megasonic, 80 kc) for 1 min and 
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centrifuged at 1,000g for 5 min. The supernatant was filtered 
through a Millipore filter, average pore size 650 pm, to remove 
most of the aggregates of virions. Filtration reduced the titre by 
about 90% and was assumed to leave a predominantly 
monodisperse suspension; suspensions were too dilute to check 
this by electron microscopy. 

Stage 2: Dilutions were made immediately of the filtrate from 
stage 1 and were inoculated on the CAM and incubated for 64h 
at 35 °C. A piece of membrane bearing a single pock was excised 
from a membrane having no other visible pock lesion, extracted 
as described above, and the extract inoculated on the CAM to 
produce stock virus. It was considered that two sequential 
‘clonings’ resulted in a population which could be reasonably 
considered as the progeny of a single virion. Note that a ‘clone’ 
need not have invariant properties but might itself become 
genetically heterogeneous during multiple cycles of replication. 

Stability of biological properties was not taken as a criterion for 
the purity of a clone, although such constancy was found in 
practice for most of the clones studied. 


Phenotypic characterization 

Four markers were used in these experiments, each of which 
differentiated variola or whitepox from monkeypox. (1) Pock 
type. Monkeypox virus produces small, pink, haemorrhagic (he ) 
pocks on the CAM at 35 °C. Variola or ‘whitepox’ viruses give 
small, non-ulcerated white (h) lesions. The ‘white pock’ charac- 
ter was used for the primary selection of the variants, so that the 
class of monkeypox variants described here all produce white 
pocks on the CAM, but are not necessarily whitepox viruses as 
defined above. (2) Ceiling temperature. Monkeypox virus, but 
not variola virus, will produce pocks on the CAM of eggs 
incubated at 39°C (ref. 7). In the experiments described here 
ceiling temperature was tested in the CV-1 line of monkey 
kidney cells which supported the growthof all relevant viruses at 
35 °C, but at 40 °C monkeypox virus (t*) would grow and variola 
virus (t) would not. Note that embryonated eggs, being exo- 
thermic, maintain a temperature above the recorded tempera- 
ture of the incubator’ and that ceiling temperatures determined 
in cell cultures may therefore seem to be up to 1°C higher than 
those measured on the CAM. (3) Haemagglutinin. Most strains 
of variola do not produce detectable haemagglutinin CHA) for 
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Fig. 1 Physical map locations of Hin dII or Smal restriction fragments (a) and Xhol or Smal restriction fragments ($) of DNA from: variola 
Harvey (HAR), whitepox viruses 64/7255 and RZ10, monkeypox Copenhagen (MPD) and white pock mutants of MPD (h2, h7, h8, h15). 
Numbers indicate estimated sizes of individual fragments in kilobases (kb). 


vaccinia-sensitive fowl erythrocytes when inoculated into RK13 
cell cultures; monkeypox, on the other hand, makes large 
amounts of HA in RK13 cells’ and some is produced by two of 
the whitepox viruses’. In our study, viruses were classed as HA 
producers in RK cells (rh”) if 8 or more units were produced in 
standard HA titration’. (4) Growth in PEK cells. Marennikova 
et al.' reported that variola and whitepox viruses could be 
* 


passed readily in a pig embryo kidney (PEK) cell line, but that 
monkeypox viruses were lost on passage. Ueda and K.R.D. 
(unpublished) confirmed that variola and vaccinia replicated to 
high titre in a line of pig kidney cells. Strains of monkeypox virus 
either did not replicate or reached only low titres in these cells 
and were classed as ‘p’. Whitepox viruses all replicated in these 
cells to significant titre (p’). 
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Isolation and phenotype of the h mutants 


When the cloned wild-type monkeypox strain Copenhagen was 
inoculated on the CAM at approximately 50 pock forming units 
(PkFU) per membrane, less than 0.1% of the pocks were white. 
Two clones (h2, h15) were isolated. 

The frequency of white pocks was significantly increased after 
passage of the wild stock on the CAM in high concentration. 
After four passes with an inoculum of 10°° PkFU, white pocks 
were present as 2-3% of the total and after six such passes, 
50-60% of pocks were white. In a control series of eggs inocu- 
lated with 10° PkFU the frequency of white pocks remained at 
0.2% after four and six passes. One clone (h3) was isolated after 
four passes at high concentration and seven (h4—h10) after the 
sixth such passage. 

In subsequent experiments, two clones (h5 and h7) were 
re-passaged four times in high concentration and then recloned 
to give h5/1, h5/2, h7/ land h7/3. Clone h7 was also recloned 
several times successively and stocks were made from the fifth 
and seventh reclonings. mis c5, h7 / c7). Another mutant (h16) 





will be seen that thre ae (bh? h15, h6) are like the wild type 
except for the white pock character used in their selection. Five 
clones (h3, h4, h8, h9, h10) have one phenotypic change other 


than the white pock and two clones (h5, h7) resemble whitepox 


in three of the four markers used. Clones h5 and h7 did not 
change phenotype following passage in high concentration and 
recloning (clones h5/1, h5/2, h7/1, h7/3). None of the clones in 
this series had a lowered ceiling temperature, and this dis- 
tinguishes them all fror À whitepox virus. However, a white pock 
mutant with a low ceiling temperature has been isolated from 
another strain of monkeypox and by using a different selection 
procedure. It is probable, therefore, that in an extended series, 
mutants would be found which were phenotypically like white- 
pox in all four characters used. 


DNA analysis 


Methods for virus growth and purification, extraction and 
cleavage of DNA and characterization of DNA restriction 
fragments were essentially as described previously™?”. 

Physical maps of cleavage sites were constructed mainly by 
hybridizations between restriction fragments generated from 
genomes of closely related viruses on the basis that, with the 
exception of terminal repetitions, fragments having sequence 
homology represent geographically equivalent regions of the 
genomes. Maps were also constructed by hybridizations 
between fragments cleaved from the same virus DNA by 
different restriction endonucleases. In some cases, physical 
maps of DNA from virus variants may be constructed from 
unequivocal interpretation of changes in the size of fragments 
generated by endonucleases HindIII, Xhol or Smal and various 
double digests compared with those from wild-type DNA. 

Comparative descriptions of the genomes of different ortho- 
poxviruses and of changes between wild type and mutants are 
confusing when DNA fragments are labelled separately in order 
of size for each virus and for each restriction endonuclease. 
Additionally, it is impractical to measure from one end of the 
genome as most variation between and within orthopoxvirus 
types is found near the termini® and, even within a single strain 
of virus, variations are found in the length of the | terminal 
fragments between one cloned line and another’. It was 
decided to select one arbitrary reference point in an ‘internal 
region of the genome; we chose the site separating the conti- 
guous HindIII fragments O and I in the original map of rabbit- 
pox”. Fragments of similar size map in equivalent locations in all 
orthopoxvirus genomes for which HindIII maps have been 
= constructed’, and this region of the genomes is highly conserved. 
> The reference point separates wild-type monkeypox HindIII 
ae fragments Q and IĆ. Locations of cleavage sites for particular 










ab 
endonucleases are defined as distances from the reference point 
measured in kilobases, with a positive sign if to the right and a 
negative sign if to the left. Sizes of genomes were derived by 
summation of restriction fragments sized by co-electrophoresis 
with digests of wild-type DNA. Physical maps were drawn to 
scale and the sizes of individual fragments indicated in kilobases 
(Fig. 1). 

Physical maps of the cleavage sites for endonucleases 
Hindill, XhoI and Smal in the genomes of two strains of variola. 
and of three strains of wild-type monkeypox including Copen- 
hagen (MPD) have been presented previously*. Physical maps 
for the same three endonucleases have been constructed from 
hybridization data and confirmed by double digestion for two of 
the whitepox viruses (64/7255 and RZ.10) and are shown in Fig. 
1. These are the first maps of whitepox viruses to be constructed, 
although electropherograms of endonuclease digests of white- 
pox DNA have been presented previously'*. Viruses 64/7255 
and RZ10 map very similarly to variola strain Harvey (HAR), 
preserving all characteristic internal cleavage sites but showing 
small variations in the size of the HindiH termini and. of 
near-terminal Hindili or Xhol fragments mapping betwee | 
and 120 kilobases. The sizes of HindIII, Xhol or Smal restric 
tion fragments from the genomes of the other four whitepox 
viruses and of two whitepox-like viruses (Ham 8, Ham 9) 
isolated from hamsters” are similar to those presented here. 

A general feature of orthopoxvirus genome structure is the 
presence of species-specific, - terminal repetitions containing 
subsets of common sequences”, Because of this, the opposing 
terminal fragments from any particular genome cross-hybridize 
and either terminus will hybridize to both termini of the genome 
of another orthopoxvirus. A structural feature peculiar to 
variola and whitepox viruses is that the opposing termini fail to 
cross-hybridize. Additionally, the MPD/HindIl] 2 molar 
terminal 5.8-kilobase fragment hybridizes specifically with only 
right-hand terminal fragments and the 2 molar MPD/ Hindili 
2.7-kilobase fragment with only left-hand terminal fragments of 
variola-like genomes. Such genome organization in relation to 
that of other orthopoxviruses may have resulted from non- 
symmetrical deletion of sequences within hypothetical repeti- 
tions or, from exchange of specific repetitive sequences between 
termini suggesting conjunction of the termini at some stage of 
replication. 

Three sorts of genome have been obtained from the different 
white pock mutants of monkeypox (MPD). One (h16) has no 
change detectable by analysis with HindIII, Xhol or Smal. 
White pock mutants of other monkeypox strains having a similar 
relationship to the respective parents have also been isolated. 
Second, the two spontaneous MPD white mutants (h2, h15) map 
with large deletions close to the right-hand terminus and ang- 
ther, not fully characterized, seems to be of the same class. The 
deleted sequences overlap partially and represent about 15 and 
19 kilobases respectively. Variation at this locus is common in 
orthopoxvirus genome structure. Third, white pock mutants 
isolated following high multiplicity passage (h3-h8, h10) show. 








Table 1 Phenotype of monkeypox virus and its ‘h’ mutants 
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Phenotype Viruses 
h* t* rh* p Monkeypox, wild type 
t* rh” p h h2, h6, h15 
t*rh* h p h3, h4, h8, h9 
tt p h rh h10, h16 
t? hrhp* h5, h7 
t hrhp* h5/1,h5/2,bh7/1,h7/3,h7/c5,h7/c7 
rh* htp* 64/7255, 64/7275 (whitepox viruses) 
htrhp* Chimp 9, Mk7, RZ10, RZ38, (white- 


pox viruses} 





Pocks: haemorrhagic, h“; ; white, h. Growth in C'Vi at 40 ek 
growth, t. Haemagglutinin. in RK13 cells: titre 216, rh7; <8, a 
Growth in PEK cells; good, p“; none, p. 
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major and complex changes involving both termini of the 
genome symmetrically and smaller changes at some internal 
sites. Mutants h3-h7 and h10 are essentially similar and have 
genomes about 7-9 kilobases larger than that of the wild type. 
Assuming that symmetrical, near-terminal fragments generated 
by endonuclease Xhol result solely from cleavages within the 
terminal repetitive sequences, the repetition is then both larger 
than and divergent in sequence from that of the wild-type 
genome. A minimum estimate of the size of the parental repeti- 
tion by summation of the symmetrical near-terminal fragments 
is 8.5 kilobases, whereas that for white mutants of this type is 
19.5 kilobases and contains no sites for endonuclease HindIII. 
With the exception of h3, the genomes of these mutants have 
also lost a Xhol site in an internal, normally highly conserved 
region at the 38-kilobase position. A Xhol site at this locus, 
present in the genome of mutant h6 when isolated, was lost on 
subsequent recloning. Mutant h8 also shows extensive, sym- 
metrical, near-terminal sequence rearrangements; the mini- 
mum size of the terminal repetition is 18 kilobases and the 
Hindlll sites defining the MPD 2.7 kilobase fragment are 
retained. Mutant h8 is similar to h2 in some respects, showing a 
near-terminal deletion (3-4 kilobases) mapping to the right of 
the Smal site located at 92 kilobases, and symmetrical, near- 


terminal sites for Xhol. Additionally, h8 has an apparent 


insertion, relative to the parental genome, of 0.4 kilobases 
mapping between —1.5 kilobases and the Smal site at —15.5 
kilobases. A similar small insertion is seen in the same region of 
the genome of mutant h5. Mutant h8 retains the internal Xhol 
site at the 38-kilobase position. The locations of Smal sites, 
relative to those in wild-type DNA, are preserved in all the 
monkeypox mutants described. 

The rearranged genome exemplified by mutant h7 is 
apparently a stable configuration as neither four further high 
multiplicity passages followed by recloning nor nine successive 
reclonings generated further changes detectable by restriction 
analysis with HindIII, Xhol or Smal. 

Although the genotypes of the spontaneous mutants h2 and 
h15 are readily recognizable as variants of wild-type monkey- 
pox, the changes exhibited by, for example, mutants h7 and h8, 
seem to be as extensive as those distinguishing some orthopox- 
virus species®. However, the genomes of these mutants remain 
readily distinguishable from those of variola and whitepox 
viruses. 


Discussion 


Monkeypox mutants. The objective of the present study was to 
characterize mutants of monkeypox virus, both phenotypically 
and by DNA analysis, and to assess how closely they might 
mimic whitepox or variola. The mutants were derived in 
different experimental conditions but each was selected initially 
from a white pock produced on the CAM. 

Spontaneous white-pock mutants are relatively rare in 
monkeypox. The two which were obtained each had a genome 
substantially shorter than that of MPD due to deletion of DNA 
sequences near the right-hand terminus, together with some 
rearrangement of terminal sequences. The mutants obtained 
after high-multiplicity passage had more complex, symmetrical 
rearrangements of terminal sequences and the genomes were as 
big as or bigger than that of MPD. Sr.aller deletions of 
sequences were detected in some of them in approximately the 
same locus as the large deletions in the genomes of the spon- 
taneous mutants. Although the numbers are small, it seems that 
particular experimental conditions affect the kind of mutant 
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most likely to be selected. It is suggested that the spontaneous 
mutants may represent an early, and the high-multiplicity 
mutants a late stage in a process which can engender complex 
changes in genome structure during replication. This hypothesis 
is now being tested. Several phenotypically different mutants 
had genomes with maps similar to those shown for mutant h7. 
The genome of h7 seems to represent a stable configuration. The 
maps of h7 showed no detectable changes after further passages 
at high multiplicity and several reclonings. The symmetrical 
nature of the changes which occur at the two ends of the genome 
strongly suggest that the near-terminal configurations had been 
determined in the same process or that sequences from one end 
had been copied to the other. On either basis, the evidence 
supports the previously proposed'*'’ idea of transient circu- 
larization at some stage in the replication of orthopoxvirus 
DNA. 

The mutants exhibited a variety of phenotypic changes but it 

was not expected that these could be correlated with the changes 
in the relatively crude restriction maps; indeed, one mutant 
(h16), with no changes detectable in the maps, had two changes 
in the phenotypic markers. 
Whitepox and monkeypox. No phenotypic character has yet 
been described which distinguishes the group of whitepox 
viruses from variola. Consistent with this, the maps of the 
genomes of the whitepox viruses are closely similar to those of 
variola HAR, and they share with variola the failure of one 
terminus to cross-hybridize with the opposing terminal frag- 
ment. Although the present maps are too crude to prove iden- 
tity, they add to the steadily growing evidence of the close 
relationship of whitepox to variola. 

On the other hand, there are significant differences between 
the genomes of whitepox and monkeypox. Apart from the 
differences in near-terminal sequences, there are four cleavage- 
site differences within the conserved region of the genome. The 
Smal site at —15 kilobases and the Xhol sites at 3 and 38 
kilobases are present in monkeypox but not in variola or white- 
pox, whereas a HindIII site at 45 kilobases is present in variola 
and whitepox but not in monkeypox. Of these four sites, the only 
one found to be changed in some of the h mutants is the Xhol site 
at 38 kilobases. Even the two mutants (h5 and h7) which 
resemble whitepox in three of the four phenotypic markers have 
genomes which differ significantly from that of variola. On the 
other hand, there is evidence that different experimental condi- 
tions select for different kinds of complex mutations and some 
caution is necessary in forecasting what limits could be set to the 
possible variations in the monkeypox genome. 

Our experiments have failed to generate any monkeypox 
mutants with genomes similar to those of the whitepox-like 
viruses described by Marennikova and Sheluchina’; however, 
the methods used in the generation of our mutants differ from 
those described by these authors. l 

A crucial question is whether variola virus possesses any DNA 
seguences unique to itself and which are missing from monkey- 
pox (and even perhaps from whitepox), as rearrangements, 
however complex, could not be expected to create significant 
new information. This question cannot yet be answered, but 
several ways of approaching it are theoretically possible and one 
main reason for any continuing work with variola would be to 
obtain the answer. 
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composed of nucleic acid and a protein 
: copies of covalently identical subunits 
cal manner'’. These viruses can be 
broadly categorize od-shaped, bacillus-shaped and spheri- 
cal. The morphological classes can be subdivided into groups 
based on physical and biological properties such as stability, 
symmetry and strategy of replication®*. High resolution X-ray 
structure determinations have been accomplished for the rod- 
shaped tobacco mosaic virus’ (TMV) and its disk protein as well 
as the spherical. ton ushy stunt virus’ (TBSV). The contras- 
ting structures of the proteins in these two viruses reveal 
differing requirements for assembly into a helical rod and icos- 
ahedral shell. Although TMV protein subunits consist primarily 
of four, roughly radial, ‘a-helices, the two domains of TBSV are 
composed almost entirely of anti-parallel B-pleated sheet. A 
possible common feature in the two virus classes is the flexibility 
of the protein which interacts with the RNA. Although TMV is 
the only rod-shaped virus being studied at high resolution, 
several spherical plant viruses, representing different groups, 
are being investigated (ref. 8, and P. Argos and P. Colman, 
personal communications). We report here the structure 
determination of southern bean mosaic virus (SBMV) seen at 
2.8A resolution. Although SBMV represents a group of 
viruses’ with properties significantly different from those of the 
TBSV group, its viral envelope was found to possess a tertiary 
and quaternary structure closely similar to that of the TBSV 
shell (S) domains. It is proposed here and also by Argos’” that 
other groups of small, spherical, RNA-containing, plant viruses 
may also be based on the same folding and assembly principles. 


Structure determination 


The high resolution structure of SBMV was determined using 
the rhombohedral type II SBMV crystals*’ with hexagonal axes 
of a = 334.3, c= 757.5 A and a single particle in the unit cell. 
The R32 space group requires the particle to be situated on a site 
with 32 crystallographic symmetry, thus placing 10 icosahedral 
units within the crystallographic asymmetric unit (Fig. 1a). 
Data for the native crystals and four heavy atom derivatives 
were collected using oscillation photography'*”'*. The X-ray 
source was an Elliott rotating anode generator, equipped with a 
0.1-mm focal cup and a copper target. The Ni- -filtered radiation 
was focused with two perpendicular mirrors’. Some details of 
the data collection are shown in Table 1a. In total, 2,022,187 
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omain of tomato bushy stunt virus. The protruding domain of tomato bushy stunt virus is absent in 
zic virus. The tertiary structure observed in these viruses may be particularly suitable for the formation of 
ı small, spherical, RNA-containing, plant viruses. 





useful intensities were measured which permitted the deter- 
mination of phases for 275,966 independent reflections with the 
multiple isomorphous replacement method. This represented 
71% of all possible reflections within the limiting 2.8- A resolu- 
tion sphere. 

The analysis of the first heavy atom derivative was given 
previously’ as were the results of a 3-A resolution electron 
density map'*. The heavy atom positions of four derivatives 
were found with difference electron density maps and refined by 
a least-squares procedure’”. The final atomic parameters will be 
given elsewhere’’, but some statistics for the multiple iso- 
morphous replacement phase determination are shown in Table 
ib. 

The final ‘best’ multiple isomorphous replacement (MIR) 
electron density map was averaged over the 10 different icosa- 
hedral units within one crystallographic asymmetric unit*'. This 
map was Originally used to solve the SBMV coat protein struc- 
ture. One cycle of phase refinement using the molecular 
replacement method**** has been completed which provided 
some improvement in the apparent resolution. For convenience 
and in accordance with general practice these maps will be 
referred to as having 2.8A resolution, even though the 
phasing and quality of data are less at high resolution than at low 
resolution. A more full account of the crystallographic work is 
reported elsewhere” 

The averaged MIR electron density map was displayed in 
sections perpendicular to an icosahedral 2-fold axis. The quasi- 
3-fold axis relating the three subunits within the icosahedral unit 
was immediately obvious (Fig. 15). The effect was particularly 
striking because this axis was nearly parallel to its neighbouring 
icosahedral 2-fold axis and, hence, perpendicular to the map 
sections. A similar situation pertains to TBSV**. The dominant 
feature in the SBMV map was a ‘f-barrel' type structure (see ref. 
26) in which the extended strands were well resolved from each. 
other. A substantial portion of the polypeptide chain could be 
traced but some ambiguities remained in the connectivity of the 
strands at the end of the 8-sheets. Five helices could be recog- 
nized and these determined the direction of the polypeptide. 
Certain features, in particular the amino-terminal arm, present 
in only the C subunit (Fig. 1c), were then seen to be similar to the 
TBSV structure. Superposition of the TBSV C, co-ordinates 
onto the SBMV electron density map revealed a remarkable 
resemblance of the TBSV shell domain and the SBMV subunit. 
The TBSV co-ordinates had been referred to an icosahedral 
axial system and were used without change in radius on the 
SBMV map. This permitted an interpretation of all turns and 
bends on the original MIR map which was subsequently readily 
verified on the molecular bd dot el map. These results 
demonstrated the similarity not only of fold but also of the 
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Fig. 1 A, The complete viral shell composed of 60 triangular icosahedral 
asymmetric units showing the quasi-symmetry axes Q2, Q3 and Q6. The 
quasi-3-fold axis Q3, for instances, relates three covalently identical but 
conformationally slightly different A, B and C subunits to form 1/60th of the 
icosahedral shell. B, View through three sections of one triangular unit as 
defined in A (z = 126-129 A) to show the quality of the averaged molecular 
replacement map after one iteration. Note the quasi-3-fold relationship 
between the three subunits in the icosahedral asymmetric unit. The pentagon 
and hexagon symbols represent icosahedral 5-fold and quasi-6-fold axes, 
respectively. Contours are chosen at equal intervals of 1/10th of the 
maximum protein height. Only those contours above the mean map value 
are shown. The lowest contour is represented by a dashed line. C, Arrange- 
ment of subunits A, B and C within one icosahedral asymmetric unit as 
viewed from the inside of the virus, looking outward. This view permits a 
representation of the amino ends of the C subunits. 








Table 1 Some data collection statistics (a2) and multiple isomorphous replacement refinement parameters (b) 


No. of No. of 
Resolution Oscillation reflections independent R* Rejection 
Compound limit (A) range measured reflections (%) criterion 
a 
Native 2.8 0,57 652,887 321,586 : 13.5 None 
3.5 1.0° 346,412 175,788 13.1 None 
2.8 combined 438,759 299,893 12.5 F’<io 
PHMBS 2.8 0.5° 633,954 318,227 15.6 None 
3.5 1.0° 357,937 178,606 12.2 None 
2.8 combined 430,717 289,234 11.3 F’<l¢ 
KUO F; 2.8 0,5° 631,979 320,184 16.5 None 
4.0 125° 188,711 100,739 14.5 None 
2.8 combined 358,606 280,857 14.4 F’<loe 
KPC, 3.5 1.0° 309,233 157,065 Li Fele 
AuCl, 3.5 1.0° 278,156 149,992 12.2 F <ir 
b 
Sheli i 2 3 4 5 6 7 8 Overall 
Resolution (A) œ 222 11.1 7.4 5.6 4.4 3.7 3.2 2.8 
Figures of merit: 
<m> 0.70 0.71 0.75 0.72 0.65 0.61 0.53 0.46 0.59 
n 430 6228 15,963 30,853 42,879 64,440 69,530 45,643 275,966 
R-factarst: | 
PHMBS 31 28 25 33 33 37 44 61 42 
K,(U0,)F, 35 36 31 46 40 51 75 96 $5 
KPrcl, 115 76 75 59 53 50 40 e 45 
Auch, 4} 50 58 49 52 47 52 _ 53 





PHMBS, p-hydroxymercuribenzoate sulphonate. < m > is the mean figure of merit. n is the number of phased reflections in shell. 
En LiF ~ FO 


*R = 
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where F? is the mean of the 7 observations Fj, on the reflection A. 
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where F,,,, Fy, and fy are the structure factors for the heavy atom derivative, the native virus crystals and the heavy atoms alone, respectively. 
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packing of protein subunits in the viral shells. Backbone models 
of the C subunits (see Fig. 1b) were built into a Richards optical 
comparator” with Kendrew-Watson model parts on a scale of 
2cm=1 Å. The co-ordinates of the SBMV backbone atoms 













d for all the major features in the map. The 
> protein shell was well defined. Features 
n the interior of the virus were lower and 
veraged maps, permitting no explicit 
5. 
ap did not differ in substance from the 
deed, the electron density distributions 
at. The selection of the subunit boun- 


e extra protruding helix near the quasi-3-fold axis in 
MV: fra). The ‘large helix-containing lobe’ did not, in 
fact, contain helix but was related to the very obvious pro- 
trusions near the 5- and quasi-6-fold axes. The sheet near the 
2-fold axes corresponded to one side of the B-barrel. The ‘26 
distinct phosphate sites’ seen at 5 A resolution must now be 
regarded with some scepticism. Although these features within 
the RNA region remain in position, they are lower in density 
relative to the protein in the averaged isomorphous replacement 
map. 









The protein shell and viral exterior 


The SBMV subunit is primarily an eight-stranded anti-parallel 
B-barrel (Fig. 2). However, at least 66 residues at the amino end 
are not a part of the barrel, but form a partially ordered ‘arm’ in 
the interior of the virus. The protein shell of SBMV is about 
35 A thick, extending from around 110 Ato 145 A radius. Each 
quasi-3-fold axis is 27 A distant and parallel to its nearest 
icosahedral 2-fold axis. A careful analysis of the conformational 
differences between the three quasi-symmetrically related 
subunits A, B and C has not been completed. An initial 
examination of the electron density and position of equivalent 
heavy atoms?’ shows that the A subunits differ significantly from 
the B and C subunits at turns close to the 5-fold axes, where 
SBMV has insertions relative to TBSV. Other regions show less 
deviation, as was also the case in TBSV’, where differences were 
less than 1 A. 

Figure 3 shows a superposition of the C, coordinates for the S 
domain of TBSV and the SBMV subunits. Both structures are 
referred to the same icosahedral axial system. The r.m.s. 
difference in C, coordinates is 2.7 A over 182 residues, exclud- 
ing those residues which are insertions or deletions in one or the 
other subunits. The extent of topological equivalence is almost 
as good as that between the a and £ chains of horse haemoglo- 
bin and is certainly much better than that between the NAD- 
binding domains of lactate dehydrogenase and glyceraldehyde- 
3-phosphate dehydrogenase (Table 2). 

Harrison (personal communication) has assigned a tentative 
amino acid numbering system to the TBSV C subunit which is 
shown in Figs 2 and 3, and shall also be used in SBMV. Some 
residues may have to be inserted or deleted pending the full 
amino acid sequence determination of TBSV and SBMV. The 
ordered amino-terminal arm of the TBSV C subunit runs from 1 
to 32 followed by the S domain from 33 to 200. The TBSV P 
domain consists of the final 111 residues within the polypeptide 
chain. Major differences between the SBMV subunit and the 
TBSV S domain are (1) an extra a-helix (see following section), a 
feature which is ordered in all three quasi-equivalent subunits, 
(2) the organization of the -annulus structure about the icosa- 
hedral 3-fold axes, (3) insertions of residues 49A and 177A, 


©. 177B,177C, 177D near the quasi-6-fold and icosahedral 5-fold 







; axes, (4) insertion of 17 residues between 155 and 160, replacing 
> residues 156-159 near the quasi-3-fold axis, (5) deletion of 


35 


eine 





residues 55-61 opposite the TBSV P domain on the viral 
exterior and replacement by residue 55A, (6) deletion of residue 
104 at a subunit interface, (7) deletion of residue 114 and 
insertion of residue 118A at a different subunit interface near 
the viral surface, and (8) deletion of residue 130 and insertion of 
some residues at the protein-RNA interface. 

The most dramatic alterations between TBSV and SBMV 
occur on the viral surface. The larger protruding P domains 
about the 2-fold axes in TBSV are replaced by the abbreviated 
protrusions around the quasi-3-fold axes in SBMV (Fig. 4a). 
The SBMV protrusions are formed by the insertion of a three- 
turn helix (155A to 155M) running tangential to the viral surface 
and a one-turn addition (155N-155Q} to the radial helix 160- 
164. The latter makes a 60° left-handed turn over a distance of 
12 A about the quasi-3-fold axis, thus forming a keratin-like 
structure?” when taken in conjunction with its two neighbouring 
subunits. There is also a protrusion around the icosahedral 
§-fold (Fig. 4b) and quasi-6-fold (Fig. 4c) axes in SBMV whichis 
absent in TBSV. Both the trimer (Fig. 4a) and the pentamer 
(Fig. 4b) -hexamer (Fig. 4c) clustering in SBMV had been 
observed previously in a 22.5-A resclution map™”. The third 
major difference is the deletion of TBSV residues 55-61. These. 
residues make an excursion, towards the TBSV P domain, out of 
the B-strand that runs between residues 52-62. They stabilize 
the orientation of the P domain in the C subunit, where the hinge 
between the domains is bent more acutely than in the A and B 
subunits. This function is not required in SBMV. The evolution 
of surface differences between TBSV and SBMV might be a 
recognition mechanism for altering host specificity by adapting 
to the properties of host or vector. 

Both TBSV and SBMV require metal ions for assembly and 
stabilization of their protein shell. The function of calcium and 
magnesium ions has been extensively studied with respect to the 
properties of SBMV*'~**. In the abseace of metal ions and at 
alkaline pH these viruses swell by about 7% in radius. Wells and 
Sisler” have shown that swollen SBMV has only 2% of the 
infectivity of native SBMV. This could be due to the loss of 
integrity of the viral surface features or it might be the 
consequence of the ease with which the swollen virus can be 
degraded by nucleases and proteases. The positions of the metal 
ions in TBSV have been determined by Harrison et al, (ref. 7 and 
personal communication). There are significant conformational 
differences (Fig. 3) between TBSV and SBMV in the region 
(residues 113-120) of this site. 
























Fig. 2 Diagrammatic representation of the SBMV C subunit with its 

amino-terminal arm and a-helix. The latter is bound to the base of a subunit, 

possibly related by a 3-fold rotation. The very tentative amino acid number- 

ing scheme is shown. Numbers such as 177A, 177B are insertions in SBMV 
relative to TBSV. Drawing by Jane Richardson. 














The amino acid composition of SBMV has been determined 
bv Tremaine*’, Ghabrial etal.” and Dietrich**. Dietrich has also 
partially determined the amino acid sequence of 15 tryptic and 2 
cyanogen bromide fragments. Attempts to find the position of 
these peptides (the largest being 16 residues long) in the electron 
density map were only partially and tentatively successful. 


The RNA-protein interface 


The structure of SBMV as well as TBSV has the interesting 
feature of an ‘amino-terminal arm’ which is ordered only in the 
C subunits. It is positioned between quasi-6-fold-related C and 
B subunits and runs from a quasi-6-fold to an icosahedral 2-fold 
axis. Harrison et al.’ point out that the space for this arm can 
only exist in the vicinity of an icosahedral 2-fold axis (the 
quasi-3-fold axes are parallel to the icosahedral 2-fold axes but 
make an acute angle with the quasi-2-fold axes), The differences 
of the arm structure are required to accommodate the quasi- 
symmetry of the T =3 surface arrangement. The disordered 
arm in the A and B subunits must thus be closely associated with 
the RNA but in variable positions relative to the icosahedral 
coat. Chauvin et al. have shown with neutron scattering of 
suitably matched solutions of TBSV with D,O that the 
significant portion of this protein~RNA interaction is at a radius 
of less than 80 A. 

In the SBMV protein there is a structural feature situated 
between the base of the 8-barrel and the RNA interior, consis- 
ting of an a-helix and extended polypeptide chain, that was not 
visible in the TBSV structure. This helix, interacting with the C 
subunit barrel, represents either the amino end of a neighbour- 
ing, 3-fold-related, C subunit (Fig. 2) or an insertion within the C 
subunit at position 139. The 8-annulus structure around the 
quasi-6-fold axis in SBMV is a ‘2-way overlap’, not a ‘3-way 
overlap’ as in TBSV (Fig. 5a). The extra ‘amino-terminal’ helix 
and extended strand are clearly visible in the A, B and C 
subunits, but the B-annulus and amino-terminal arm (residues 
8-32) are visible only in the C subunit (Fig. 54). It is therefore 
possible that the extra ‘amino-terminal’ helix in subunits A 


Table 2 Quality of structural similarity between various proteins or protein 
domains 


Equivalenced 


residues 
EA of 
r.m.s. equivalenced 
Comparison distance residues 
Molecule 1 Molecule 2 No, (A) Mol. 1 Mel. 2 
TBSV{S) SBMV 182 2.7 91.0 R2.7 
Hbia) HDA) 139 1.6 98.5 95.3 
NAD domain NAD domain 

LDH GAPDH 83 2.9 57.5 56.1 
TBSV(S) TBSV(P} 69 3.8 41.3 62.8 





Abbreviations: LDH, lactate dehydrogenase; GAPDH, glyceraldehyde-3- 
phosphate dehydrogenase; Hb, haemoglobin. Equivalencing of residues is restric- 
ted to those in the same topological sequence”. i 
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Fig. 3 Stereo  dtagram 
showing the C, atoms in 
SBMV (large circles connec- 
ted with thick bonds) 
superimposed on the TBSV 
shell domain {thin bonds). 
Both viruses are referred to 
the same icosahedral axial 
system. The amino acid 
numbering of SBMV is 
shown. It relates to a tentative 
system for TBSV. 





(forming the pentamer cluster) or in the B subunits (forming the 
hexamer cluster with the C subunits) are associated with their 
own $-barrel rather than a neighbouring subunit. 

There are a total of 220 ordered residues in the SBMV C 
subunit. An error of only a few residues might be expected in 
view of the close similarity in the placement of amino acids in 
homologous regions of SBMV and TBSV. The total number of 
residues in SBMV has been estimated to be between 260 and 
270 (refs 36-38). Thus, the ordered SBMV C subunit lacks 
between 40 and 50 residues. A similar estimate by Harrison er 
al.” showed that there were probably around 50 disordered 
residues in the C subunit of TBSV, even without observing the 
extra ‘amino-terminal’ a-helix. The amino terminus of the extra 
a-helix in SBMV is buried by the B-annulus, leaving no room for 
any extension. It is therefore more likely that the missing 
polypeptide is inserted around residue 8, which has weak density 
and is accessible to the viral interior (Fig. 5b). Support for the 
occurrence and position of ordered and disordered protein 
segments comes from an analysis of heavy atom positions’’. 

Sehgal has shown that swollen SBMV virions, produced by 
removal of calcium and magnesium, are susceptible to trypsin 
digestion*’, and Tremaine*' has shown that the cleaved portion 
is strongly basic and consists of about 63 residues. The treated 
virus reassembles into particles of diameter 150-180 A. Similar 
observations have been made for brome mosaic virus (BMV: 
ref. 42 and B. Verduin, personal communication), TBSV and 
turnip crinkle virus**** and alfalfa mosaic virus** (AMV), with 
the cleaved fragment always being at the amino terminus. A 
§8-annulus structure, near the amino terminus, and the insertion 
of the amino-terminal arm between subunits may thus be essen- 
tial requirements for the formation of a hexamer cluster and 
hence in the construction of spherical viral coats with T > 1. If 
the amino-terminal segment is cleaved (including the B-annu- 
lus), only pentamer clusters can form, producing capsids similar 
to the satellite tobacco necrosis virus (STNV) with a diameter of 
around 190 A. 

The amino-terminal region of many spherical and bacillus- 
shaped plant virus coat proteins is often strongly basic (for 
example, SBMV, cowpea chlorotic mottle virus, BMV, AMV 
and STNV) and predicts as an a-helix where the amino acid 
sequence is known (see Argos'’). In SBMV there are residues 
which form an a-helix binding to the base of the 6-barrel at the 
protein-RNA interface. Thus, the side of the helix exposed to 
the RNA is likely to be basic and the other side hydrophobic. 
Indeed, the SBMV electron density shows that residue —3 (Fig. 
3) is almost certainly arginine. These properties will make the 
amino-terminal region particularly susceptible to trypsin diges- 
tion once it has been sufficiently exposed*”. 

There are on the average around 8 basic residues per subunit, 
where the amino-terminal arm sequence is known, providing a 
total of 1,440 positive charges within the RNA of the complete 
virus. As there are about 5,000 bases in the nucleic acid of 
SBMV, it follows that the amino termini together must contri- 
bute significantly towards the cancellation of charge within the 
virus and hence presumably are largely responsible for the RNA 
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‘Fig. 4 Views of the viral exterior surface. A, Stereo diagram showing the protrusion around a quasi-3-fold axis produced by subunits A, Bandt . The. tan 1 

‘a-helix occurs only in SBMV. The radial helix forms a keratin-like structure about the quasi-3-fold axis. B, Stereo diagram showing protrusion around an ie 

§-fold axis produced by adjacent A subunits. C, Stereo diagram showing protrusion around a quasi-6-fold axis produced by three C subunits separ edb 
-sübunits. 














folding during viral assembly. The apparent tendency of a- 
helical formation with hydrophobic sides’? suggests that the 
RNA backbones will have closely associated a-helical protein 
which form hydrophobic ‘bundles’. These in turn can pack more 
easily within the virus by exclusion of water. A similar situation 
is encountered in the formation of a-helices when protamines 
associate with tRNA and also probably with DNA. = 

Histones H2A, H2B, H3 and H4, like viral coat proteins, also 
have basic amino-terminal ends which are not part of the 
ordered nucleosome structure. The H3 and H4 histones 
apparently undergo an ordering phenomenon by binding to the 
linker DNA °. The ordering of protein incurred by the bind- 
ing of RNA to TMV, or the requirement of the random 
amino-terminal segments to assemble spherical viral RNA, is 
analogous. | 


The structure of other small, spherical, 
RNA-containing plant viruses 


The most surprising aspect in the present report is the obser- 
vation that, in spite of the obvious differences in physical 
characteristics, the structure of SBMV is closely related to that 
of TBSV. Argos™ has shown that the amino acid sequence of 
some other viruses is consistent with a similar coat protein 
structure. Complementary arguments based on packing the 
SBMY shell protein are given here for the small T = 1 STNV 
particle. Indeed, it has already been observed that trypsin- 
treated SBMV*°*'" turnip crinkle virus****, AMV“ and BMV“* 
can form particles similar in diameter to STNV®. 

The overall dimensions of the SBMV subunit are given by a 
35-A thickness, a 27-A separation between the quasi-3-fold and 
icosahedral 2-fold axes and a separation varying from 42 to $5 A 
between the icosahedral 2-fold and quasi-6-fold axes. Similar 
measurements pertain to the thickness of the protein coat, the 
separation of the icosahedral 2-fold and 3-fold axes and the 
separation of the icosahedral 2-fold and 5-fold axes of the T = 1 
STNV particle, respectively’’. Computer experiments in which 
pentamer clusters of SBMV A subunits are placed into a T= 1 
icosahedral lattice confirmed that the subunits pack without 
overlap when the external radius is 88 A along the 3-fold axes. 
Furthermore, the general direction of the strands within the 
B-sheet of STNV runs between the 5-fold and 3-fold axes”’, 
consistent with the respective strand direction in SBMV. 
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Fig. § A, Possible arrange- 
ment between C subunits in 
the vicinity of an icosahedral 

3-fold axis which together 

form a ‘B-annulus’ structure. 

An alternative interpretation 

of the electron density places 

the amino-terminal helix as 

an insertion at position 139. 

B, Ordered and disordered 

(dashed) polypeptide in the 

A, B and C subunits of 

SBMV. 


The close similarity between SBMV and the S domain of 
TBSV strongly supports divergence of these two viruses from a 
common ancestor. The possibility of an earlier gene duplication 
from which the P and S domains of TBSV have evolved is also 
possible in light of their structural similarity”. The possibility 
that not only the coat protein genes but also much of the rest of 
the SBMV and TBSV genome have a common ancestry must 
therefore be considered. The similarities shown here and by 
Argos'” between various groups of small spherical RNA viruses 
suggest that the 8-barrel found in the SBMV subunit and TBSV 
S domain has been selected to comply with the functional needs 
of such viruses. The results of the structural studies of STNV™, 
cowpea mosaic virus? and belladonna mottle virus (P. Argos, 
personal communication) will, therefore, be awaited with much 
interest. 

This work has been possible only through the dedication of 
many people over a period of nine years. In particular we thank 
Mrs Mary Ann Wagner, Dr Ira Smiley, Dr Toshio Akimoto, Mr 
Joel White, Miss Karen Babos and Mrs Kumiko Tsukihara, also 
Dr Patrick Argos for stimulating discussions, Jane Richardson 
for producing the diagrammatic representation of SBMV, Dr 
Steve Harrison for supplying the TBSV C, co-ordinates, Dr 


-Saul Rosen, Mr John Steele and Dr Victor Abell for support in 


computations, Drs Richard Lister and Andrew Jackson for 
advice on the growth of SBMV, Mr Eric Henss, the late Mr 
Philip Hamilton and Sharon Wilder for technical assistance. The 
work was supported by NIH grant AI 11219, NSF grant 
PCM78-16584 and a grant from the Lilly Company. D.S. was 
supported by a Deutsche Forschungsgemeinschaft Postdoctoral 
Fellowship and §.S.A., J.E.J. and ILR. by NIH postdoctoral 
fellowships 1 F32 GM 07103, 6 F22 CA 00557 and 1 F32 Al 
05600, respectively, during part of this work. 
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The origin of the diffuse cosmic X-ray background (CXB) has 
become the subject of much speculation recently, with most 
theorists divided between the intergalactic hot gas bremstralung 
hypothesis and the QSO contribution theory. Stimulated by 
Sargent’s recent argument about the existence of a cool, low 
density intergalactic gas, we investigate here the third possibility 
of its accretion onto intergalactic collapsed objects as the 
sources of the X-ray background. We conclude that if the CXB is 
hot thermal bremstralung (TB) from. the accretion of Sargent 
type intergalactic gas onto intergalactic collapsed objects, anew 
class of faint (L,<= 10" ergs ™™) low mass (M ~ 10’-10°M) 
discrete X-ray sources must exist with no optical or IR images, 
some of which could be detected by the Einstein observatory. 
HEAO 1 observations have established that the cosmic X-ray 
background spectrum (3-50 keV) is most naturally fit by TB 
with kT =45 +5 keV (ref. 1). Yet the hypothesis that it may be 
emission from a hot intergalactic gas (IGG) of 0, (present mean 
density/closure density) ~0.5((p)/(p*)'”) faces severe 
difficulties, including the huge energy requirement, the destruc- 
tion of H I clouds believed to be causing the quasar absorption 
lines, the Compton distortion of the microwave spectrum, and so 
on?. On the other hand, source counts by the Einstein obser- 
vatory indicate that faint sources down to ~0.002 UFU (Uhuru 
flux unit) already make up 30-40% {at least in the 1-3 keV 
band) of the CXB. If the present number-flux relation N(> S)= 
Ks"*'5-'8) holds to much fainter S, then known. discrete 
sources may easily account for all (or even exceed) the CXB 
intensity’, consistent with the conjecture that contribution from 
known optical QSOs brighter than B =~ 20.3 mag could account 
for essentially all of the CXB if L,/ Lopes remains large down to 
such magnitudes” . Reasonable as such estimates seem, they 
remain unverified extrapolations at present, not to mention the 
highly uncertain nature of QSO X-ray spectra. Hence it is still 
- interesting to investigate alternative sources for at least a 








: significant fraction of the, CXB. 


Recently, Sargent et al.° have proposed that the survival of the 
ntergalactic H1 absorption clouds favours the existence of an 
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IGG with Q ~0.1 and T~10° Kat Z ~ 2.5, too cool to produce 


the CXB. However, its existence raises the question of whether 


the CXB might be produced by accretion onto an intergalactic 
population of collapsed objects whose existence could not be 
detected otherwise. Such a hypothesis has some merits as (4) 
accretion onto compact objects is the most efficient mechanism 
known in X-ray production; (2) the low IGG density makes high 
temperature TB favourable and leads to low X-ray luminosity 
objects difficult to resolve. Here we investigate the constraints 
on such a model. The dominant contribution comes from the 
present epoch (Z <3). Our work, therefore, complements that 
of Carr’ on pregalactic black holes (Z > 10). 

A collapsed compact object of mass M moving with Mach 
number M in a fully ionized IGG of density p and temperature 
T410° K (sound sees G~ 10° 1/2) will accrete at the Bondi — 
rate? 


M=10" gs” (24) pTi u’, wet” (1) 


when the IGG turbulent velocity at distances =GM/c. is small 
compared with keplerian orbital velocity, which we assume, The 
X-ray luminosity from accretion is 


i AMY re 
Lx = &)Me* = 10" ergs (=) expTi u (2) 


where ex, the X-ray energy conversion efficiency is assumed 
M-independent. For 7T,>1 the dominant cooling of IGG is 
adiabatic’, Hence TX(1+Z), px(1+ZY and Ly is epoch- 
independent provided £x is. For such non-evolving sources 80% 
of their contribution to the CXB comes from Z = 1 (ref. 9) and 
the volume emissivity needed to account for the observed CXB 
intensity is 3 

nx =6X10°*% ergem s (1+ ZY (3) 
If most of the CXB comes from sources of mass Af and number 
density N then equating nx = NLx we have 


> 


M 2 ve . 2 ae 
No a expoT oa” wa? = 6X10 4) 


where all quantities with subscript ‘0’ refers to Z = 0. In the 
model by Sargent et al., T drops faster than adiabatic after 
Z =2 due to He- recombination cooling, leading to Ty~ 10°K 
(incomplete ionization) and contribution from 2 <1 greater 
than 80%. However, the uncertainties in other parameters are 
such that we can use equation (4) even in this case, lumping any 
correction into say, uo. Rewriting NoM = 1,4. 7x 107 “gem” 
and py = 94.7 x 107 g em "(Ay = 50 km s Mpc’) gives 
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ve =54q7': Ly = 12x 10% ergs 'g ng 


No=1.310°Mpe“gQ, (5) 


where q=exQoQgTo;'"u5° is expected to be <1. Hence such 
objects must be supermassive black holes. These constraints can 
be generalized to a power law mass spectrum of compact 
objects, say dN/dMocM™~” for M= M s M3. Then the mass 
constraint in equation (5) applies approximately to M, for y <2 
or M, for y>3. a | 

The strongest constraint on the parameters in equation (5) 
comes from the sources count and fluctuation limit. From Uhuru 
and Ariel 5 small scale fluctuations (67/7 <2.5% at 0.004 sr 
beam width), Schwartz” already puts an upper limit on possible 
contribution of unknown classes of discrete sources to K 
(number of sources with § > 1 UFU per sr)< 10. The Einstein 
survey gives K =7+3 for all sources, most of which have 
optical images. In the preliminary Draco and Eridanus surveys, 
only three out of 43 sources have empty optical fields’. Hence it 
seems reasonable to put a conservative upper limit for the 
< contribution of accreting intergalactic black holes to the source 
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Kas2 (6) 


Future observations may further lower this limit. As most such . 


contributions would come from Z <1 we have (see ref. 9): 


Ky = 3.7 x 10°LXG4No; Lyss = Lx/10“ ergs”! (7) 


Combining equations (5), (6) and (7) we have: 


EX Op 3,2 x 1075 PTR we? (8) 
Ly=1.2*10*' ergs"! (9) 
M/Mo<1.7X 10" ex PNAP TR u” (10) 
No = 1.3 x 107? (Mpc)? (11) 


For the IGG proposed by Sargent et al.° with Qo ~0.1, Toa ~1 
and po~1l0 we find Qa>=3x10 ex and M= 
2x 10° Mar”, 

If the IGG contains even a minute amount of organized 
angular momentum, the accretion flow will turn into a disk near 
the black hole’® where most of the X-ray is emitted, in which 
case ex could be high. The familiar disk model with optically thin 
TB emission has maximum temperature T, ~ 10(MM./M)'” 
provided 10’ K « T.<10°K (ref. 11). If we set this to the 
observed CXB TB temperature we find (see equation (5)) 


exa ~ 107’ (12) 


When equation (12) is combined with equations (8) and (5) we 
get the constraints 


ex S10 MT os "Ma? Mp2 10 NG T 


a ~ Sx 10° Tu? (13) 


fa} 


These numbers are uncertain to the extent the TB disk models 
are. Also, the requirement that the IGG is not depleted by 
accretion in a Hubble time demands ¢xQ,2107°. The above 
results are summarized in Fig. 1. 

We conclude that it is possible that much of the CXB is 
produced by the hot TB emission of Sargent type IGG accreting 
onto intergalactic black holes in the present epoch (Z < 3). This 
picture then predicts the existence of a new class of faint 
(Lx 10*' ergs”), numerous (No 2 107? Mpc?) and low mass 
(M~10’-10'°M..) discrete sources without optical or IR 
images. Gorenstein has pointed out that such objects may be 
separated from (optically) faint QSOs in the Einstein survey by 
studying the distribution of the lower limits to their Lx/Loptica 
ratio (P. Gorenstein, personal communication). Note that the 
bulk of such sources are fainter than the limit of the HR I of 
Einstein so their predicted N oc $~** does not conflict with the 
observed steeper distribution. Note that these masses overlap 
with the mass corresponding to nonlinear density clumps 
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Fig. 1 Solid curves give the lower limit on Ng and upper limit on 


=> M as provided by the source count limit Kp <2. The number on 


each curve labels the value. of œw = 04’ Ta / ho 4/2 of the IGG (see 

equation (5)). The dashed curve represents the constraint on Oy for 

the TB disk model to give the observed CXB temperature. In this 
case M is independent of Np or ex (see equation (13)). 


| (8p/ p~i)at decoupling as extrapolated from the present power 


law density correlation function'*""*. Some of such clumps could 
(but need not) directly collapse into black holes without frag- 
menting into stellar systems at Z > 10 and their X-rays could 
have Compton-heated the denser IGG’. In such case the IGG 
would not evolve adiabatically and Carr finds that the direct 
contribution of accretion to the CXB at Z = 10 may also be 
significant’. 

I thank B. J. Carr for his pregalactic black hole results before 
publication, also D. Sciama, V. Petrosian and P. Gorenstein for 
helpful discussions. 
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The process of local acceleration of the plasma cloud freshly 
ejected from Io into the jovian magnetosphere is considered 
here. A physical model previously employed to investigate the 
motion of artificial barium cloud, is used to estimate the time 
scale for such transient acceleration. In normal conditions, the 
new ions could be accelerated to full corotation within ~3x 
10’s of injection. But the corresponding time scale might be 
increased 10-fold or so at the peaks of mass injection. In this 
way the observations of non-rigid corotation of the S* ions of 
sporadic nature may be understood. The temperature and ion- 
ization discontinuities in the Io torus as observed by the Voyager 
experiments is also considered. Here we propose that such a 
sharp transition is related to the coupling of the radial diffusion 
and heating plus cooling of the thermal plasma. _ 
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Ground-based observations’ indicate that the S* optical 
emissions of the jovian sulphur nebula at 6,717 and 6,730 
usually have a very sharp cutoff at, or inside of, the orbit of To at 
6 R;, whereas the inner boundary between 3 and 4 R, has a 
diffuse appearance. At the same time, it has been established 
that the motion of the sulphur ions in this nebula is in corotation 
with the jovian magnetosphere’. Although these descriptions 
may be considered to represent the norm of the S“ plasma disk, 
Mekler et al.’ have recently presented evidence of occasional 
weak S* emission outside the orbit of Io. Particularly interesting 
are the velocities of the S* ions in this anomalous emission. 
Although the motion of the S* plasma inside of the sharp 
boundary was in rigid corotation, the corresponding motion in 
the outer emission was slower than would be expected for 
corotation. Such unusual phenomena may be caused by some 


disturbances in the jovian magnetosphere (for example, sub- 


storms), or simply related to the injection process of the sulphur 
ions from Io. [Note that evidence of non-rigid corotation (up toa 
few per cent) of the jovian magnetospheric plasma in the vicinity 
of the orbit of Io have been recently reported*” on the basis of 
plasma wave and planetary radio astronomy experiments. These 
observations are presumably more representative of the 
quiescent sta eof the Io torus. | 

- A-mod ulated by Scholer’? to study the motion of 
ionized bari cloud artificially released in the Earth’s 
magnetosphere''’'* will now be applied to the case of the Io 
























‘ormation from the oe 1 and 2 
an system’*”'*, would allow us to inter- 
n~corotation events and several other 





cloud, iad. the 
observations 
pret systematically he 
related observati 
The geometry of the MHD coupling between the Io torus and 
the jovian ionosphere will first be represented by a two-dimen- 
sional system with both the ionosphere and the ion cloud 
idealized as flat slabs of finite vertical thickness and width in the 
y-direction, and the extension in the x-direction is supposed to 
be infinite, see Fig. 1. The planetary magnetic fields of uniform 
strength B are pointing in the z-direction. Furthermore, the 
magnetosphere between the ionosphere and the Io torus is 
assumed to have a plasma density of p, while the surface density 
of the torus is mo (in g cm”). The motion of the torus is then 
coupled to that of the ionosphere through the continuous 
transmissions and reflections of the Alfvén waves propagating 
between these two regions" ? with acceleration of the ion cloud as 
‘the end result. 
More specifically, as the waves travel through the magneto- 
B/(4mp)'”? there will be a 


16, enone AS 





shown in Fig. 1a, the current will be closed in such a way that the 
jx B forces would decelerate the magnetospheric, or the iono- 
spheric, plasma but accelerate the ion cloud. The total polariza- 
tion current can be expressed as I,=¥,E?, where Et is the 
electric field applied at the (upward going) wave front and 
Ya=c’/4rV, is the so-called wave conductivity of the 
magnetosphere. As the wave reaches the ionosphere with a 
height-integrated Pedersen conductivity È}, an electric field Ej 
will be reflected, whereas a conduction current I, = S(Et— E]) 
will be set up flowing across the magnetic field. 

“As the ionospheric conduction current must be equal to the 
total current in the magnetosphere, that is: 


L(Et - El) = L(ET +E.) (1) 


we have the following relationship between the incoming and 
E reflected waves: 





Jer (2) 
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with X =5¥/$a. Thus, the reflection coefficient of the Alfvén 
waves at the ionospheric boundary is given by a= 
(1—X)/( + X). From the same reasoning we can see that after a 
time Ta = 2L/ Va, which is the characteristic time for an Alfvén 
wave to travel back and forth between the ion cloud and the. 
ionosphere, there will be another refiection, and so on. The 
acceleration of the ion cloud is, therefore, not just a function of 
the ratio between J and }., but also time £. Another important 
factor in this dynamical problem is the distributed mass of the 
ion cloud. Assuming that the central sla) is initially at rest (which 
is pertinent to the case when an ion cloud is just ejected from [o) 
and taking the inertia of the ion clouc into account, a general 
solution for the velocity of the cloud can be derived as was done 
by Scholer? for the barium cloud release experiments. In the 
present context we have 


V(t) = m Vo{1 gi 3 (= 1)"a"fexp (~ta ToL, (2t,/ Ta) 


neg 


teil To)Ln(2te+r/To)} (3) 


Here t, =t-—nT,, To = 2moV,/B’, Ve is the corotation speed, 
and the summation is carried out only for the Laguerre po 
nomials L(t.) with ¢, 20. The normalized velocity profiles for 
various combinations of To, Ta, and æ are shown in Fig, 2. 

Briefly, for } >), and hence a =~1, the MHD coupling 
between the ionosphere and the ion cloud is very strong, and in 
the case of small T,/ To ratio the ion cloud will be accelerated to 
full corotation speed in just a few times of Ta. On the other 
hand, if } «¥, and hence a ~ 1, the motion of the ion cloud is 
only weakly coupled to the ionosphere by Alfvén waves. 
Acceleration of the ion cloud would be very slow. The inertia 
effect of the ion cloud can also be observed by examining the 
velocity profiles with different Ta/ To ratios but the same value 
of a. 

To explore this result further we assume, for example, the 
magnetospheric plasma density to be ~1 proton cm’, the 
surface number density n, of the ion cloud just ejected from lo tò 
be =2 x 10'* ions cm~’, and the length scale L to be ~ 10R,; the 
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Fig.1 a, A cross-section of the model in the Y-Z plane. The wave 
current system decelerating the magnetosphere and accelerating © 
the ion cloud is sketched. As a result of thesuccessive transmissions: — 
and reflections of these guided waves, a field-aligned current 
system will be established between the ionosphere and the lo 
cloud, similar to the current system detected in the vicinity of 
Io?! 4°-*3' The auroral hiss observed on the inner edge of the torus 
at L=5.6 R; iref. 43) is probably caused by the beaming of low 
energy electrons (10 eV—1 keV) associated with such current flows. 
b, A finite section of the model in the X-Z plane. The upward and 
downward propagations of the Alfvén waves are indicated. 
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Fig.2 Velocity profiles of the ion cloud (initially at rest) normal- 
ized to the corotation velocity Vo for various values of the Ta/ To 
ratio and the reflection coefficients a. For a © —0.6, ¥ = 43,. If the 
plasma density in the magnetosphere is 1 proton cm -3 and B= 
2x 10° nT we have Ya 20.02 S, consequently Y 20.1 S. In this 
MHD approximation, the ion cloud velocity oscillates before 
reaching the corotation velocity for a > —1 (see dashed lines). A 
more realistic description is for the ion cloud to be accelerated to 
the full speed without such overshoots. a, N T,=107': b, 
T/T. =107*; c, Ta/ To = 107° 


value of the ratio T/T, can then be approximated to be ~0.1. 
(As the total ejection rate can be written as N ~2noR,Vo, 
N ~5x10*’ ions s™ if n,~210" and R, is the radius of Io. 

his value is compatible with the production rate of the sulphur 
and oxygen ions as estimated by Broadfoot et al.'*.) As the S* 
nebula was generally observed to be in rigid corotation with the 
jovian magnetosphere, the characteristic time scale for the 
corresponding acceleration of the ion cloud probably is no more 
than a few times of Ta. Thus the a value may be taken to be 
<~0.6, or ¥/¥, 24, say. With T,~30s and V)>=57 kms", 
Fig. 2 shows that the ions picked up directly from the iono- 
sphere/exosphere of lo will be accelerated to full corotation 
within 10 Io radii. This trail of slow moving ions may be 
interpreted as the wake of the satellite ionosphere****. (This 
picture would still hold qualitatively for the interaction of Io 
with the torus of dense hot plasma.) 





Now, if the ejection rate N were occasionally increased by a 
factor of 10 or so (for example, at the maximum of volcanic 
activities if ionospheric loss is the dominant injection process), 
T,/T,=0.01 and the resulting acceleration time scale will be 
lengthened by a similar factor. Thus, after its first ejection from 
Io, the ion cloud would probably stay behind corotation for at 
least an hour, leaving an ion wake ~150° long. This non- 
corotation effect could persist even longer if the volcanic activity 
lasts more than a few hours. The large mass of the fresh S* and 
O* ions injected in these events, of course, would enable the 
non-rigid corotation behaviour to be discerned more easily, 
especially outside the nominal edge of the S H nebula. 

If the non-corotation of the weak emission of $° ions observed 
outside the nominal outer edge’ could be explained by the 
inertia effect of the MHD acceleration process plus the sporadic 
outbursts of the volcanic activities, how do we explain the 
simultaneous corotation of the S* ions observed in the inner 
region of stronger emission? And above all, why should there be 
a sharp discontinuity confining the S* emission within 6 R; in the 
first place. These questions may be answered by referring to the 
Voyager observations of the Io torus. First, the EUV experi- 
ment'* andthe Plasma experiments’ have found that the bulk of 
the heavy ions is apparently in the form of $”*, S**, and O”* with 
thermal temperature kT = S$-S0 eV. This hot ion torus—with its 
point of maximum number density approximately located at 5.8 
R;—has 5R; as its inner boundary and 7-8 R, the outer boun- 
dary. Second, a sharp drop in temperature from kT ~ 10 eV to 1 
eV was found at 5.7 R, by the plasma experiments“. Together 
with the temperature change, there is also an apparent change in 
the ionization state of the heavy ions from S**, O°” to S* and O*. 
Such stratification of the plasma temperature and ionization 
might be related to the balance between ionization equilibrium 
and thermal equilibrium as was found in the structures of 
planetary nebulae’’~*’. Note that the ions freshly created in the 
vicinity of Io can have kT as high as 260 eV for O* and 520 eV 
for Ss" (ref. 30) the maximum time scale for cooling of these new 
ions*’ can be calculated to be s 1.5 X10°s. In comparison, 
adopting a radial diffusion coefficient of 10°° R} s (ref. 32), 
the time scale for diffusion across a distance of 0.5 R, at this 
region is ty 7x 10*s. As 4> ta the heating of the Io torus is 
then limited to a distance of less than 0.5 R, around the orbit of 
Io. Although this may partly explain the sharp division between 
the hot and cold plasma at 5.7 R;, issue could be raised about the 
absence of such discontinuity at 6.3 R, or so. An explanation of 
such asymmetric behaviour may come from the additional heat- 
ing effect beyond 6 R; as a result of Landau damping of the ion 
cyclotron waves, for example (ref. 33 and C. K. Goertz, personal 
communication). We may argue that the energetic (S* and O*) 
ions, which are responsible for generation of the ion cyclotron 
turbulence, would not be able to diffuse across Io due to its 
absorption effect; and this in turn would limit the plasma wave 
activities and hence plasma heating to radial distance >5.9 Ry 

The ionization state and thermal condition of the Io plasma 
disk is therefore determined by four inter-related time-depen- 
dent processes, namely: (1) the ejection rate; (2) the MHD 
acceleration; (3) the radial diffusion; and (4) the cooling and 
heating of the ion cloud. Not just the structure of the ‘quiescent’ 
S* nebula and the non-corotation of the anomalous emission 
during the ‘disturbed’ periods, but also the temperature and 
density discontinuities together with the apparent ionization 
stratification in the Io torus can be explained in this way. 

While we have concentrated on the local and transient effect 
acceleration of the plasma just ejected from Io, clearly the 
time-averaged acceleration and transfer of angular momentum 
of the Io torus in a more global scale must be of the same vein. 
For a description of the non-rigid corotation of the jovian 
magnetospheric plasma at radial distances beyond 6R; see refs 
34-36. Alternative views on the asymmetric radial distribution 
of the thermal plasma*’** addressing the possibility of two 
different diffusion mechanisms at both sides of Io had also been 
proposed. The effect of such process on our hypothesis of the 
temperature and ionization discontinuity remains to be investi- 
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gated. The recent report by Shemanski that an “upper limit of 
10°’ ions s`" may be derived for the ion source in the vicinity of 
lois also problematic as it sets a stringent condition on the model 
of local mass pick up**’®. In any event, our primary result for the 
transient acceleration of the Io plasma cloud is by no means 
affected because, in principle, it is valid for both local (iono- 
spheric scavenging) and more extended (ionization of the 
sputtered atoms) ion sources. 

I thank Dr C. K. Goertz for useful discussions on the problem 
of magnetospheric propagation of the Alfvén waves. 
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Most ultra-basic nodules that probably originated in the upper 
mantle have anisotropic petrofabric and elastic properties’. 
Within seismology, however, the Earth is generally assumed to 
be isotropic and this assumption is appropriate for most seis- 
mological studies. Thus, rocks can be considered isotropic on 
large scales although anisotropic on a scale of hand specimen’. 
This interpretation is questionable, however, in light of the 
increasing resolution of seismic observations. Many reliable 
reports on seismic anisotropies have been accumulating: for 
example, azimuthal anisotropy in P, velocities in oceanic 
basins‘, and in the continent? and the back-arc basin‘®, and an 
S-wave splitting of the SH and SV waves revealing an anisotro- 
pic structure as deep as 190 km (ref. 7). These suggest that some 
unsuccessful detections of the Earth’s anisotropies may be due 
to lack of appropriate observations. We describe here the recent 
discovery of shear wave anisotropy in a volcanic area in Japan, 
which was revealed by an improvement in the seismographic 
observation systems. 

Telemetery systems of the seismographic stations have 
recently been established by Kyoto and Nagoya Universities® 
(Fig. 1) in the Chubu area, Japan, beneath which the Pacific plate 
is subducting. This instrumental development improves the 
spatial coverage, timing accuracy and recording conditions of 
seismic observations. The Kamitakara Observatory of Kyoto 
University is located in the northern part of this area” (Fig. 1). 
Immediately beneath the observatory (Takayama area), at a 
depth of ~260 km (ref. 10) there are often deep earthquakes. 
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These are very useful events for studies of structures within the 
wedge between the subducting plate and the Earth’s surface in 
the island arc. As seismic ray paths from these events to the 
seismographic stations are almost vertical, the wave forms are 
quite simple because of little contamination of converted waves 
generated at conspicuous layer boundaries. The stations AMI 
and KTJ of this observatory are equipped with the three- 
component seismographs and the station NRJ with a vertical 
component one only. The natural pendulum period Th is 1 s for 
both vertical and horizontal seismographs. 

Figure 2a shows seismograms of one of those deep earth- 
quakes (the earthquake 1 in Fig. 1 anc Table 1) recorded at the 
Kamitakara Observatory. Because the P-wave arrives at the 
three stations within 0.2 s, the incidence angle is less than 5°. 
Remarkably, the horizontal seismograms show two distinct 
arrivals of the shear wave, a fast arrival for the NS component 
and a slower arrival for the EW one. The horizontal seis- 
mograms of three more earthquakes from the same area 
(earthquakes 2, 3 and 6 in Fig. 1 and Table 1) were examined. 
These seismograms showed the two different arrivals of the 
S-wave similar to that in Fig. 2a. Such differences in the arrival 
time of the S-wave between the two horizontal components 
would be caused by interference of converted waves, but for the 
present case this interpretation should be dismissed. No 
significant signal is in fact observed on the vertical component in 
Fig. 2a. A probable interpretation is that S-wave splitting is 
caused by anisotropy of the medium at intermediate locations 
between earthquake source and seismographic stations. The 
incident S-wave is generally resolved into two shear waves that 
travel along the same path with different velocities-—~a 
phenomenon known as acoustic ‘double refraction’. 

As the directions of horizontal seismographs, NS and EW, are 
not necessarily those of the principal axes of anisotropy, the two 
split shear waves are generally not reselved on the two horizon- 
tal seismograms. Figure 2a implies, however, that the directions 
of the principal axes of the anisotropy are rather close to NS and 
EW. To determine precise directions of the velocity axes, we 
synthesized the S-wave forms, by rotating the two orthogonal 
axes in a clockwise direction at an interval 15°, and projecting 
the observed S-wave particle motion onto the rotated axes. 
When a rotation angle 0 from the north or east coincided with a 
principal axis, the two orthogonal S-waves became most widely 
separated. As shown in Fig. 26, @ = 15° seems to provide the 
clearest separation for both records of AMJ and KTJ. The 
azimuth of maximum velocity, thus, is N1S°E and the azimuth of 
minimum velocity is E15°S. 
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Table 1 A list of earthquakes used for this study and their anisotropic parameters 





AMI KAJ 





Date Depth KTJ 
No. (JST) (km) 
1977 
i 25 Sep 260 08 18° A 10 © A 00 PA 
2 7 Oct 260 0.8 20 A 03 OF B 
3 18 Nov RTS 08 40° A 09 18 A 
4 30 Nov 360 00 F A 00 C A 
1978 
5 l Feb 240 00 0° B 00 C B 
6 9 Mar 260 0.7 30° A 05 15 C 
7 5 Apr 260 0.3 
8 27 May 280 09 18 A ? C 
9 i4 Jun 360 90 C B 00 P A 
10 27 Jun 200 2 0.9 30° B 
il 3 Aug 230 00 C A 09 30° B 
12 i4 Aug 280 


IMJ TAK FTD TKC INU UGK 
D A, Q D A, Q DA, G@ D A, @ D A, Q D A Q D A, Q@ DA, Q D A, O 


AARC rth hn 











105° B 


08 IS A OO OF A 


00 O A 00 O A 0.0 O° B 0.0 F A 


63 90° B 0.0 P B 


D, The arrival time difference between the two shear waves in s. A,, The azimuth of the vibration with the maximum velocity in deg. Q, the quality of the data. 


To constrain the size and location of the anisotropy, we 
collected more data which were recorded at neighbouring seis- 
mographic networks, the Hokuriku Observatory of Kyoto Uni- 
versity (7 stations), and Nagoya University (10 stations) (Fig. 1). 
The seismographs of the Hokuriku Observatory are the same 
type as in the Kamitakara Observatory and the two-horizontal- 
component-observation was carried out at either KAJ or IMJ. 
In the large seismographic network of Nagoya University, two 
horizontal-component seismographs are installed at all the sta- 
tions (T, = 10 s for both vertical and horizontal components). In 
each network, vertical seismograms were recorded continuously 
on paper, but horizontal seismograms were stored on only 
magnetic tapes when signal amplitudes exceeded a threshold 
value. 

A clear split of the S-wave of earthquake 1 was also recorded 
on horizontal seismograms at TAK of Nagoya University, 20 km 
away from KTJ (Fig. 2c). The long-period nature of the seis- 
mographs of Nagoya University well suppresses short-period 
noises. The same procedure as described above was used to 
determine the anisotropic parameters for the Nagoya seis- 
mograms. The arrival time difference was 0.7 s, and the direc- 
tions of the maximum and minimum velocity axes were N15°E 
and E15°S, respectively (Fig. 2c). The polarization angle of the 
S-wave’s first motion corrected for the differential arrival is 
consistent with the P-wave’s nodal plane solution. The consis- 
tency of the anisotropic parameters between the two indepen- 
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dent networks is further evidence for the existence of the 
anisotropy under Takayama. 

Twelve earthquakes were selected between September 1977 
and October 1978; 28 ray paths were used (Table 1). Most of the 
earthquakes originated from the source 260km beneath 
Takayama. To each S-wave signal, the same procedures 
represented in Fig. 2b, c, d were carried out. The azimuth of the 
principal axis of the maximum velocity from the north, the 
arrival time difference between the two S-wave components, 
and the quality of the data (A, B and C from high to low) are 
listed in Table 1. Data with quality C were not used for the 
estimation of the arrival time difference. To avoid corruption of 
S-wave form by converted waves, we restricted our study to 
emergence angles <20° at the hypocentre. Because each 
network has its own amplitude threshold for the start of 
magnetic tape recording and individual transmission-record- 
ing characteristics, the number of earthquakes available for 
this study differs among the networks. As the coverage of ray 
paths so far has been concentrated primarily under Takayama 
and its vicinity, we limit our discussion of anisotropy to that 
area. 

The results are given in Table 1 and can be summarized as 
follows: (1) the S-wave splitting is observed at AMJ, KTJ and 
TAK for the earthquakes immediately beneath these stations, 
but not observed at ITD, TKC, IMJ and KAJ away from these 
Stations; (2) the S-wave splitting is, on the other hand, not 


Fig. 1 Epicentres (©), seismographic stations 
(V) and Quaternary volcanoes (A) in the Chubu 
area, Japan. Numerals denote epicentres of the 
earthquakes corresponding to Table 1. Qua- 
ternary volcanoes are taken from Isshiki er ai.’”. 
The insert shows depths of earthquakes on the 
deep-focused seismic plane from Utsu'*, and 
the volcanic front which forms the trenchward 
bound active volcanism'*®. Line A-B refers to 
Fig, 3. 
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recorded at KTJ and AMJ and vertical- 
component seismograms recorded at NRI for _ 
earthquake 8, 27 May 1978 (Fig. 1 and Table a}. 
Coordinate-transformed S-waves of earthquake — 
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observed at AMJ, KTJ and TAK for deep earthquakes which 
occurred outside the Takayama area. These results suggest that 


. the anisotropic medium is not distributed near the source or the 


es receiver station, but rather at some intermediate location along 
¿the ray path as shown in Fig. 4. These arguments would be 


consistent with an anisotropic body ~50-100km in both 


horizontal and vertical extents at depths ~100-200 km. The 





corresponding velocity difference between the two shear waves 

is ~2-4%. The travel times of the S-wave with the 
velocities associated with the splitting are identical tot 
S-waves from the standard travel timetable of the Js 
Meteorological Agency”. The travel times associated ith the. 
minimum velocities are thus delayed ~1 s relative to the stan- 
dard time. 
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Preferred orientation of microcracks or liquid inclusion, or 
individual minerals may cause such an anisotropy of the S- 
wave ''*"!>. At present, it is difficult to interpret the anisotropy. 
We, however, hypothesize that this anisotropy is related to a 
magma reservoir because AMJ, KTJ and TAK are located near 
volcanoes inside the volcanic front’® (Fig. 1). It seems possible, 
therefore, that S-waves from the deep earthquakes pass through 
deep magma reservoirs beneath volcanoes (Fig. 3). If thin 
elliptical inclusions trending north-south exist within magma 
reservoirs, then a velocity anisotropy of S-waves could be caused 
with the maximum velocity axis NS. 
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Fig.3 S-wave ray paths for earthquakes 1, 4, 7, 8 and 10 projected on the 

plane A-B (Fig. 1). Solid rays denote those associated with the S-wave 

splitting (arrival time difference >0.4 $). A possible area of anisotropy is 
inferred from a combination of these ray paths. 
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The nature of the melts parental to mid-ocean ridge basalts has 
been vigorously debated. Opinions vary between those 
considering the parental magma te be magnesia-rich (picritic 
basalt) with 15-20% MgO and those arguing that the parental 
melts are compositionally related to the most primitive liquids 
erupted at mid-ocean ridges (MgO ~ 9-11% ). This difference of 
between 5 and 11% in MgO content represents a temperature 
interval of 100-250 °C. The actual MgO content places con- 
straints on the thermal conditions at the mantle source. The 
high-magnesia liquid theory is supported by melting experi- 
ments on mantie and basalt samples’? and by petrological 
studies of ophiolite complexes*. However, this theory does not 
seem to be immediately consistent with the fact that no glasses or 
aphyric rocks of these compositions have ever been sampled 
from the sea floor. Indeed the most primitive glass compositions 
that occur as inclusions in olivine megacrysts and as glassy 
margins to pillow lavas have MgO contents in the range 9~11%. 
Models of generating low MgO partial melts from the mantle 
have been proposed. For example, Presnall et al." consider that 
melting at cusps in the peridotite mantle solidus could generate 
such melts. We outline here a fluid dynamical model for a 
basaltic mid-ocean ridge magma chamber supplied by high- 
magnesia melt from the mantle. The model predicts that high- 
magnesia extrusives will not be erupted, that ultramafic cumu- 
lates should occur at the base of the oceanic crust, that lava 
compositions will be restricted to MgO contents <10% and that 
magma mixing will be a common feature of sea-floor basalts“. 

Before presenting the model we emphasize a fundamental 
feature of the moderate to low pressure evolution of picritic to 
tholeiitic basalt by crystal fractionation’. Figure 1 shows the 
dependence of density of high-magnesia melts on MgO content 
as crystallization occurs, calculated by the method of Bottinga 
and Weill®. As an example, we use the estimate of Elthon* for 
the parent magma for the oceanic crust (MgO ~ 17:8%) and 
generate successive residual liquids by crystallization of olivine 
(Fos). As olivine crystallizes out the density of the residual 
liquid decreases despite the declining temperature. The residual 
liquid reaches the density minimum A and the liquid joins a 
cotectic (perhaps olivine-plagioclase or olivine-plagioclase— 
pyroxene). Subsequent crystallization, dominated by plagio- 
clase and pyroxene, generates residual liquids of progressively 
increasing density, due to iron-enrichment accompanied by low 
degrees of silica enrichment. Similar relationships between 
density and composition have been documented from several 
suites of mid-ocean ridge basalts’, although the exact position of 
the minimum point A may change slightly from case to case. The 
variation of magma density with composition is complicated by 
the effects of suspended crystals, but in general the effect of 
suspended crystals will accentuate the relationships shown in 
Fig. 1 (ref. 7) by increasing the magma density at a fixed 
temperature. 

It is significant that the most primitive glasses yet recovered 
from the sea floor occupy the density minimum shown in Fig. 1 
(9-11% MgO)*’?'°. Mid-ocean ridge basalts are all more 
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Fig. 1 Variation, of melt density | with MgO content in picritic 
liquids. The estimate of Elthon* is used as an example of 
the parental magma to the ocean crust with MgO ~ 17.8% and 
generated a succession of liquid compositions down to MgO = 10% 
by removal of forsterite (Fogo). The approximate percentage of 
olivine removed in generating the successive liquids is indicated by 
the lower scale. Liquidus temperatures were estimated approxi- 
mately from the experimental data of Krishnamurthy and Cox’ 

The density minimum at A is illustrated with the approximate 
trend of mid-ocean ridge basalt density with MgO content for 

MgO < 9% (after ref. 7). 


evolved than this composition and show abundant evidence for 
mixing between evolved liquids and more primitive liquids (with 
MgO 9--11%)°?""’. 

Figure 2 shows our model of a magma chamber containing 
typical mid-ocean ridge basalt into which a new influx of hot, but 
denser, picritic-basalt melt is intruded. The concept of an open- 
system magma chamber periodically replenished by new melt 
from depth”? is now widely accepted as the most probable 
situation existing beneath the mid-ocean ridges, although the 
exact geometry and location of mid-ocean ridge magma cham- 
bers is still uncertain'*. The temperature contrast between the 
two magmas may be 100-200 °C, depending largely on the MgO 
content of the picritic basalt. Investigations of an analogous 
system'* where a hot salty layer of water underlies a cold 
freshwater layer indicates that the dense fluid will remain at the 
base of the chamber. Between the two layers there is a non- 
turbulent interface across which heat and salt are transferred by 
molecular rather than turbulent processes. Unless the densities 
of the two layers are virtually identical, no physical mixing 
occurs across the interface, although each layer convects 
vigorously. We suggest that this form of motion can also occur in 
magmas where the ratio of diffusivity of mass to that of heat is 
typically < 107°. 

We have adapted the empirical and theoretical results of 
studies on the salt/water system to the picrite/basalt system in a 
magma chamber. A detailed treatment of the problem, which 
has several geological implications in addition to the situation 
described here, will be presented elsewhere. We summarize 
here the results pertinent to the problems of mid-ocean ridge 
magma genesis. Vigorous convection occurs in the two layers 
(Fig. 2b) and heat transfer through the interface between the 
two layers results in rapid cooling of the lower layer. 

Our calculations indicate that the temperature of the lower 
_ layer as a function of time, T(t), can be expressed as 


= T(t) = T0) + {A77 +7 A(0.5 +r)t/3]— A}/(1 427) 
: -where T(0) is the initial temperature, A is the initial temperature 
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difference between the layers and r is the ratio of the thickness of 
the lower layer to that of the upper layer. The expression takes 
account of the heat of crystallization for olivine using a value of 
200 cal g`’. The constant A is dependent on the physical pro- 
perties of the fluids. 


A =0.32gr°a /vY P i (ho?) 


where g is the gravitational acceleration, x is the thermal- 
diffusivity, a is the coefficient of thermal expansion, v is the 
kinematic viscosity, A is the thickness of the lower layer and o is 
the density contrast between the layers due to the difference in 

MgO contect divided by the mean density. | 

Typical values of the physical properties are: K = 10° ms": 
a=5X10 K7; v=10 m?s; ¢=2x 10. Figure 3 shows 
the cooling history of the lower layer for values of A between 3 
and 300 m with an upper layer thickness. of 4 km, an initial upper 
layer temperature of 1,255°C and an initial lower layer 
temperature of 1,385 °C. We observe that the lower layer cools 
to thermal equilibrium with the upper layer in a time scale of a 
few months to a few years. The reason for the rapid cooling rates 
is the inte nse turbulent convection that occurs for large Rayleigt Po 
numbers“ . Typically, the initial Rayleigh number of the lower 
layer exceeds 10°. 

Another consequence of the turbulently convecting flow 
regime is that olivines precipitated from the lower picrite layer 
will be kept in turbulent suspension throughout the cooling of 
the lower layer. In all plausible mode's we calculate that the 
mean turbulent velocities"? are in the range 1-5 cms”, whereas 
the free-fall velocities of olivine crystals of 1-5 mm diameter 
(typical dimensions in ultramafic cumulates and olivine~phyric 
lavas) in magnesia-rich liquids are in the range 107-107 ems“. 
The olivine settling rates only become comparable to the 
turbulent velocities when the temperature difference becomes 
small (<1°C). 

The model predicts (Fig. 2) that the lower picritic basalt will 
not mix with the upper basalt layer and that it will cool rapidly in 
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Fig. 2 Schematic model for the behaviour of a new influx of 
picritic melt into a MOR magma chamber (not to scale}: a, 
intrusion of hot, dense picrite into reservoir of fractionating basalt; 

b, stable stratification into two layers which equilibrate thermally 
by turbulent convection with growth of clivine in lower layer; c, 
convection dies in lower layer at the end of cooling history allowing 
for olivine settling and separation of low density interstitial basaltic 
melt; d, Cumulate olivine layer formed at base of chamber as low 
density interstitial melt mixes convectively with heated upper 

layer. 
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a period of a few years at most. During its cooling to thermal 
equilibrium with the upper layer, the picrite will be highly 
turbulent and olivines precipitated from the liquid will remain in 
suspension until a late stage when the temperatures of the two 
layers are nearly equal. Provided that the upper layer is volu- 
metrically large, the lower layer will transform into a mixture of 
suspended olivine in a basalt liquid. This basaltic liquid will be 
more primitive than the upper layer which has increased slightly 
in temperature. In many of our calculations, the residual liquid 
composition in the lower layer is estimated to occur near to the 
density minimum shown in Fig. 1. Note that the lower layer will 
in fact increase in bulk density as it crystallizes, as long as the 
olivines are kept in suspension. For example, the bulk density of 
liquid A plus 20% olivines in suspension is 2.82 gcm™*, The 
dense lower layer remains in existence as long as the convection 
is sufficiently vigorous to suspend the olivine crystals. 
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Fig. 3 Temperature of the lower layer as a function of time for 
various thicknesses (Å) in metres of the lower layer for an upper 
layer 4 km thick. 


Once convection has died down in the closing stages of 
cooling, theory’® predicts a concentration gradient of olivines 
will be generated in the lower layer when the free-fall velocity 
and convective velocities become comparable (Fig. 2c). Only a 
slight concentration gradient is required to nullify completely 
the density instability caused by the slight temperature gradient 
at this late stage, leading to a transition to stable stratification of 
the lower layer. We predict that the layer will pass rapidly to a 
stage of en masse sedimentation of suspended olivine. A 
substantial amount of basaltic liquid will segregate as the 
olivines sediment (Fig. 2c). For example, if a picrite layer, 100 m 
thick, contained 18% MgO at 1,400°C and the upper layer, 
2,000 m thick, contained basalt with MgO = 9% at 1,250 °C, the 
lower layer would evolve to a suspension of 20% olivines in a 
basalt liquid at an equilibrium temperature of 1,264°C and 
10% MgO. Sedimentation of the olivine to a dense close-packed 
mode (60% olivine) would liberate ~80% of the remaining 
basaltic liquid, generating a cumulate layer 33 m thick (Fig. 2d). 
The olivines would be relatively uniform in composition as they 
have grown in conditions approximating equilibriim crystal- 
lization in the turbulent layer. Such features are found in the 
homogeneous olivine cumulates observed at the base of ophiol- 
ites. Further adcumulus growth (as is common in ultramafic 
cumulates) would drive out further basaltic liquid component. 

Thermal equilibration between the two layers (Fig. 2) would 
require that the upper layer has increased in temperature. In 
many cases the upper layer would be more evolved and denser 
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than the basalt liquid derived from the lower layer as illustrated 
in the example calculation above. We conclude that the basalt 
liquid squeezed out during olivine sedimentation in the lower 
layer will be buoyant in the upper layer and will mix with it 
convectively (Fig. 2d). In this way the compositions of basalts 
which can erupt at the surface are restricted in composition as 
they periodically become mixed with basalt close to the density 
minimum. 

We thank G. M. Brown, C. H. Donaldson, D. P. MacKenzie, 
R. K. O’Nions, E. R. Oxburgh and J. S. Turner for helpful 
comments. Contribution no. 49 (Department of Earth Sciences, 
University of Cambridge). 
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Large aseismic rises and plateaus in the western Pacific include 
the Ontong-Java Plateau, Magellan Rise, Shatsky Rise, Mid- 
Pacific Mountains, and Hess Rise. These are relatively old 
features that rise above surrounding sea floors as bathymetric 
highs. Thick sequences of carbonate sediments overlie, what are 
believed to be, Upper Jurassic and Lower Cretaceous volcanic 
pedestals. We discuss here petrological and tectonic impli- 
cations of data from volcanic rocks cored on Hess Rise. The data 
suggest that Hess Rise originated at a spreading centre in the late 
early Cretaceous (Aptian—Albian stages). Subsequent off-ridge 
volcanism in the late Albian—early Cenomanian stages built a 
large archipelago of oceanic islands and seamounts composed, 
at least in part, of alkalic rocks. The volcanic platform subsided 
during its northward passage through the mid-Cretaceous 
equatorial zone. Faulting and uplift, and possibly volcanism, 
occurred in the latest Cretaceous (Campanian—Maastrichtian 
stages). Since then, Hess Rise continued its northward move- 
ment and subsidence. Volcanic rocks from holes drilled on Hess 
Rise during IPOD Leg 62 (Fig. 1) are briefly described here and 
we relate the petrological data to the origin and evolution of that 
rise. These are the first volcanic rocks reported from Hess Rise. 

Hess Rise is a triangular-shaped bathymetric high that is 
bounded on the west by the Emperor Seamount chain, on the 
north-east by the Emperor Trough, and on the south by the 
Mendocino Fracture Zone. A clear sequence of magnetic 
anomalies has not been discovered on Hess Rise, but it is 
believed to lie entirely within the Cretaceous magnetic quiet 


© 1980 Macmillan Journals Ltd 





Nature Vol. 286 3 July 1980 


-- gone and thereby is younger than early Aptian (~111 Myr old) 
_ in age. Our drilling results’ and previous plate reconstructions” 
indicate that Hess Rise formed in Aptian or early Albian time 


= south of the early Cretaceous palaeoequator and moved pro- 


gressively northward as part of the Pacific Plate. 





» Fig. 1 Bathymetric chart of Hess Rise showing sites drilled and the major 
bathymetric features. Site 465 cores penetrated trachyte beneath upper 
Albian limestone and Site 466 cores contained alkali basalt clasts in Upper 
Cretaceous chalk. Site 464 cores penetrated altered tholeiitic basalt beneath 
lower Albian limestone. Site 310, drilled on DSDP Leg 32, did not penetrate 

igneous rocks. Contour intervals are in kilometres. 


We recovered 16 cm of highly altered tholeiitic basalt from 
beneath Lower Albian (uppermost Lower Cretaceous) sedi- 
ments at Site « 464 on northern Hess Rise, 24 m of altered 





l southern Hess Rise, and alkali basalt clastsi in Upper Cretaceous 
(Campania > Per E A sediments at Site 466. on southern 





i of altered phases, whole nce emiel salves of 18 trachyte 


samples from Site 465 and three basalt samples from Site 464, 


| and Faso abe ji aaa of a an a from Site 465 





‘tion analysis data for f oa Sites 464 and 465 a are given in 
Tables 1 and 2. Clinopyroxene data determined by microprobe 
analyses of basalt clasts from Site 466 are given in Table 3. 
Figures 2 and 3 are plots of rare earth element (REE) data. 

The basalt from Site 464 is deeply altered as indicated by the 
high total water contents (7.12-8.05%), high K-O contents, and 
abundant smectite minerals. The most convincing evidence that 
these are tholeiitic basalt, characteristic of mid-ocean ridge 
basalt (MORB), rather than alkalic basalt is the REE pattern 
(Fig. 2). The pattern is relatively flat at about 15 times the 
chondrite abundance and corresponds to a transitional type 
MORB*. In contrast, alkalic basalts show considerable light 
_ REE enrichment relative to heavy REE. Studies on the altera- 
= tion of tholeiitic basalt by seawater*’ show that basalt increases 
in the amounts of H,O”, total Fe, K, and Ti and decreases in the 
: e of Ca, Mg, and Si which are consistent with our 

esults, 









Table 1 Compositional! ranges and averages of major and minor relet 3 ; 
as determined by X-ray fluorescence, instrumental neutron activation an lysis, 
and wet chemical techniques 


p—s 


Basalt (Site 464) < ao 








Trachyte (Site 465) ee 
Oxide Range Average Range Average. 
SiO, 58.07-60.81 59.66 45.58-4.75 46, 16 . 
TiO, 0.99-1.07 1.03 1.72-1.75 ESEA 
Ai,O, 18.40-19.08 18.78 15.69-16,14 13. 
Fe,0,* 2.31-3.59 2.97 6.27-6.49 6. 
FeO 0.14-1.00 0.56 6.46-7.16 
MgO 0.31-2.08 1.03 7.82-7.89 
CaO 1.94-3.40 oa) 3.91-4.72 
Na,O 4.68-5.46 Dike 3.08-3.38 
K,0 2.89-6.40 4.80 0.81-1.68 
P0; 0.28-0.46 0.36 0.09-0.10 
MnO 0.015-0.060 0.034 0.25-0.29 
H,O” 0.60-2.68 1.56 2.142.119 
H,O” 0.64-3.98 1.84 4.33-3.31 
CO, 0. 21-1 73 0. 47 - 





* Fe,Q, is total iron for Site 465 analyses a . : ia k] 
Site 465 data (N = 18) are from southern Hess Rise trachyte ind Site. 464 data. 
(N = 2) are from northern Hess Rise basalt. 










Subaerial eruption of trachyte flows at Site 4651 issugi ested iby 
large (>5 mm diameter) vesicles, red iron oxide stain ie 
flow units, and the absence of glassy flow margins. The tracl 
textures are defined by flow-alined feldspar laths and micr mes = 
in smectite-replaced glassy groundmasses. Plagioclase feldspar 
has a compositional range of Anz, to Atas as determine 
electron microprobe. Some plagioclase is completely replace: a 
by potassium feldspar, possibly during a late-stage magmatic = 
event. 





Table2 Trace element ranges and averages as determined by X-ray flucrescence 
and instrumental neutron activation analysis 


Trachyte (Site 465) (p.p.m.)} Basalt (Site 464) (pp) 







Element Range Average Range Average 
La 75.1-89.1 82.5 4.8-5.1 5.0, 
Ce 156-187 171 12.8-13.6 13.2 
Sm §.9-11.7 10.5 3.43.5 KVA 
Eu 2.9-3.2 3.0 1.17-1.25 LA: 
Tb 1.0-1.6 13 0,66-0.69 0.68 
Yb 1.8-4.4 2.9 2.37~3.96 2.27 
Lu 0.3-0.7 0.5 09.32-0.42 0.36 
Rb 13.3-66.5 33.6 nom ene 
Ba 596-688 645 vee comin ooo 
Th 10.2-11.0 10.6 0.23-0.33 0:27 
Hf 13.9-18.9 16.9 3.16-3.17 S016. 
Ta 8.4-11.1 9.6 0.26-0.28 OFE 
Zr 474-829 715 111-117 Lit 
Sr 251-397 31} 158-178 

Co 8.5-22.6 — 16.2 38,6-30,3 

Sc 2.1-3.2 2.7 


For trachyte, 


Chemical data for ie granite an Site wen h 


tiation. effects or high Iapani. yer iain ! 
MgO decreases as K,O increases and K-O increase , 
expected for differentiation. However, both: 


high- -temperature alteration™” 
samples are plotted in Fig. 3. The REE patterns are consis 
with patterns for differentiated alkalic rocks, T he heavy. 
paiticuiarly Lu, also mane an increasing’! 


similar to trachytes fom oceanic caid, particu ular 
da Cunha group’®, and are also similar to end n 
differentiation trends discovered in rocks from ather 
rises and plateaus 


1i- me 


N = 18; for basalt, N = 3. 
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Fig. 2 Normalized plot of rare earth element aeS in basalt of Site 
464. This plot is typical of tholeiitic basalt. A, 464-34-CC, 11 cm; ®, 
464-34-CC, 19 om; 1, 464-34- ec, 22 cm. 


Alkali basalt clasts were recovered from Upper Cretaceous 
(Campanian-Maastrichtian stages) sediments at Site 466. The 
rocks have phenocrysts of olivine (completely replaced), clino- 
pyroxene, and plagioclase enclosed in altered glassy ground- 
masses. The alkalic nature of the rocks is suggested by the high 
calcium contents of clinopyroxene phenocrysts (Table 3). Plots 
of the molecular percentages En-Fs—Wo place the pyroxenes in 
the salite and high-calcium. augite fields. Stratigraphic and 
petrological data from the clasts indicate that erosion of alkalic 
basalt islands occurred at least 25 Myr after the main volcanic 
pedestal had formed. It is apparent that some uplift and faulting 
took place i in the late Cretaceous, but the reason for the tectonic 
activity is not known. 

The age, as determined by overlying and associated biogenic 
sediment, and petrology of the volcanic rocks have important 
tectonic: and petrological implications. Combined with our 
interpretations based on shipboard data’ and recognition of 
plate-associated lateral and vertical movements*”’, we can 
present some preliminary conclusions with regards to the 
geological history of Hess Rise. 





Table 3 Clinopyroxene chemistry of two alkali basalt clasts in Upper Cretaceous 
sediment, Site 466, southern Hess Rise. 


Oxide H 2 3 4 5 
SiO, 50.57 51.09 48.17 49.97 48.16 
TiO; 0.89 0.91 1.41 0.88 1.25 
ALO, 3.14 3.39 5.76 |. 4.32 5.50 
CLO, 0.22 0.29 0.22 0.23 0.36 
FeO 7.29 747 8.20 7.11 7.59 
MnO 0.13 0.13 0o 0.11 0.13 
MgO 14.50 14.45 12.98 13.66 13.50 
CaO 22.67 21.73 22.07 22.40 22.16 
Na,O O45 |. 0.53 0.74 — 0.61 0.64 
- Total 99.86 99.99 9966 . 99.29 . 99.29 
Molecular percentage E 
Wo 46.7 45.6 ETA 47.7 47.3 
En 41.6 A22 Oo” I8 =- 40.5 40i 
-Fs 417 122.. . 13. a -s 18 .:, 12.6 


Column 1, Small phenocryst, Sample f; 2, ‘Phenocryst core, Sample 2; 3, 
Phenocryst edge, Sample 2; 4, Pyroxene lath, Sample 2: 5, Small phenocryst, 
Sample 2. Analyses were done by Florence Lee-Wong, US Geological Survey. 


“Hess Rise, at least in path isa: subsided oceanic yokai 
archipelago that was buried-by younger pelagic sediments. 
Active volcanic activity probably ended before late Albian time, 
although the presence of alkali basalt clasts in the Upper 
Cretaceous strata at Site 466 may indicate later volcanism. The 
age difference between oldest sediment cored at the northern 
(464) and southern (465) sites Ay Albian and late Albian- 
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Cenomanian respectively) is consistent with passage of the rise 
over a mantle hot spor, but this hypothesis needs additional 
testing. l 

The volcanic rocks we recovered from Hess Rise represent 
only the uppermost part of the pedestal; therefore, we do not 
know the nature of the underlying volcanic succession. Judging 
from studies of older parts of deeply eroded oceanic islands and 
seamounts, of rocks erupted from mid-ocean ridges, and of our 
data from sites on Hess Rise, we presume that the oldest 
volcanic rocks are tholeiitic basalt that were extruded at a 
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Fig.3 Normalized plot of the total range of rare earth element abundance 
in Site 465 trachyte. 


spreading centre in Aptian or early Albian time. Younger 
intraplate, or off-ridge, volcanism commenced after the sea floor 
had migrated from the ridge axis and subsequently built a large 
archipelago. After volcanic activity ceased, the archipelago 
continued moving northward. Most of the archipelago had 
subsided beneath sea level by the time it crossed the biological 
high-productivity zone of the mid-Cretaceous equator’. 
Tectonic activity, probably mostly block faulting, raised parts of 
the old archipelago above sea level where subaerial erosion 
provided clasts that became incorporated in the Upper 
Cretaceous strata at Site 466. Synchronous volcanic activity may 
have occurred. Hess Rise continued to subside during the 
Cenozoic as it moved northward and is now a prominent 
bathymetric high in the western Pacific. 

We thank Rodey Batiza and Florence Lee-Wong for helpful 
reviews. We thank the shipboard scientific staff on the Glomar 
Challenger for assistance during Leg 62 of the International 
Phase of Ocean Drilling. 
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‘The lack of evidence from terrestrial eatae 5 supporting 
the chemical evolution model has resulted in scientists looking 
elsewhere in the Solar System and in space for evidence. We 
38°0S'E) located in a submarine rift at the bottom of the Red Sea 
is a promising environment possibly containing terrestrial evi- 
dence for chemical evolution’. We have also reported finding a 
thiocyanate concentration of 2.4x 107° M in the Atlantis II 
Deep brine’. We report here the discovery of an unusually large 
concentration of glycine in the Atlantis II Deep brine and 
virtually no other dissolved free amino acids. We further suggest 
four possible explanations for the unique amino acid composi- 
tion of Red Sea brine. Our methods of location, sampling and 





` storage of the brines have been discussed elsewhere”. 


Several investigators have analysed seawater and other saline 

` solutions for their dissolved free amino acid composition’ *. 

Because in deep ocean waters the dissolved free amino acid 

concentration is extremely low’, great care must be used in the 

sampling, storing and analysing the samples. Special precautions 
in our work included the following measures. All water used was 
double. distilled in glassware. All glassware was acid (nitric 
acid/sulphuric acid, 1:2 by volume) washed and rinsed 
repeatedly with double distilled water. Before use, all inorganic 
compounds were heated at 450°C for over 12h to remove 
organic contaminants. Preparation of the reagents for chroma- 
tography entailed the following steps. Ammonium hydroxide 
was prepared by bubbling ammonia gas through acid-washed 
tubing, a water trap to remove any amino acids, and finally into 
water to produce 3 M NH,OH. Hydrochloric acid reagent was 
made by two successive azeotropic distillations Previn 
6MHCL © 

Separation of the amino acids from the brine was. accom- 

plished by a liquid-exchange chromatography procedure using a 

copper~Chelex 100 (BIO-RAD) resin column and an 

ammonium—Chelex 100 column*®. For column preparation and 
separation, these steps were. followed in the order indicated: 

(1) 25 ml of 3M NH,OH were passed through 10 ml of Cu” 

— Chelex 100; — 

(2) the column was rinsed with water until pH 9.8 was reached; 

(3) 0.3 ml of 1M NaOH was added to 10 ml of brine. The 
solution was brought up to 100 ml with water and poured 
onto the column; 

(4) the column was flushed with water until Cl” free as 

-~ measured visually using AgNO, solution; —__ 

(5) amino acids were eluted with 25 ml of 1.5 M NHOH; 

(6) 20 ml of 1.5 M NHOH were passed through 5 ml of NHj- 

| Chelex 100; 

+. (7) the eluant amino acid solution was passed through the 
NHj-Chelex 100 column to separate Cu’* from the eluant: 

(8) the column was chased with 5 ml 1.5 M NH,OH: 

(9) the sample was lyophilized. 2 ml of double glass distilled 
water was added, the solution was centrifuged, the super- 
natant removed and relyophilized. 

Analysis was performed using a Beckman 121 MB amino acid 

.. analyser equipped with a model 126 data system. Samples were 

_. applied to a 0.28 x20 cm column with Beckman AA-10 resin 

using a standard sodium citrate program (Beckman) with nin- 

ydrin detection in a single column system. 
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Red Sea brine samples and several kinds of controls vei al 
analysed for amino acids using identical procedure a 
controls included many duplicates of 5 M NaCl synthe 
non-brine Red Sea water from a depth of 500 m, asol 
known amounts of amino acids, known contaminated so 
the ammonium hydroxide reagent, the double glass < 
water and the hydrochloric acid used in preparing the resins.” 
synthetic brine and ammonium hydroxide revealed a gi 
contamination level of <50 pmol per 10 ml. The water anda 
were below the detection levels of the system. Recovery of 
known amino acids averaged ~50%. Known contaminated. 
solutions showed a wide variety of amino acids. 

The Atlantis II Deep brine samples yielded a mean glycine o 
concentration of 1,090 nmol!” based on 11 analyses. About = 
10 nmol I"! or less of serine was also detected. No other dis- 
solved free amino acids were detected. The non-brine Red. 
sample showed a glycine concentration of ~122 nmol! 

Previous reports of amino acids in deep ocean w: 
that a wide variety of dissolved free amino acids are. 
most cases, but the total concentration leveis are alwa: i 
100 nmol I” (ref. 6). Surface ocean water samples aret 
to contain ~1,000nmol!l"' with glycine compris 
~200 nmol I` (ref. 5). E a 

How can the presence of high amounts of glycine and virtual 

absence of other amino acids be explained? As the glycine 
concentration is higher than that found in highly productive 
surface coastal waters, even though the brine is apparently 
sterile, an additional source must be sought. We suggest that one 
plausible source is an abiotic origin involving a Strecker 
synthesis of amino acids from aldehydes and cyanide. Because 
the methane content is known to be high, and formaldehyde i is 
easily derived from methane, one can then explain the high 
glycine concentration. Why glycine is virtually the only amino 
acid found is unclear. Some investigators have invoked the 
properties of clays to explain unique amino acid distributions®” 
As relatively large volumes of samples are needed to check 
carbon isotope ratios, we have not yet determined the °C/'°C 
ratio which could shed light on the origin of the glycine. There 
are several other plausible explanations for our results, The 
most obvious is that there is biological contamination of. the 
brines and/or our procedures. The Atlantis IT brine has been 
reported sterile’. As the amino acid distribution of our control 
brine indicates no contamination and bacteriological assays 
done on water from the same sampler were negative (R. Cuhel, 
personal. communication), we consider this explanation 
unlikely. Another explanation might involve chemical 
contamination of our sample. Glycine has been reported to 
bleed from or through Chelex 100°. If this were the explanation 
for our data, why were there such repeatable small amounts. of 
glycine in the synthetic control brine? A third alternative is that 
the abundant bacteria above the Atlantis H brine decompose 
organisms and the amino acids leach into the brine where they 
accumulate. Perhaps there is some chemical compound in the 
brine that selectively removes all dissolved amino acids except 
glycine from the brine, or alters other amino acids to form 
glycine. However, there is no evidence to support this. 

If amino acids are synthesized in geothermal systems, this 
might provide the nutrient base for some of the unique, highly 
productive regions surrounding deep-sea springs. 

We have demonstrated the value of further exploration of 
Red Sea hot brines and especially the Atlantis H Deep brine 
from the perspective of chemical evolution. This should be done ~- 
as soon as proposals have been made to mine commercially the 
rich heavy metal deposits in the sediment beneath the brines”, 

We thank Drs David Ross, Leslie Orgel, Wylie Vale and 
Joachim Spiess for their assistance. We acknowledge fina a 
support from NSF-OCE-76-10417, NSF-SP1-78- 19097" and . 
the San Diego State University Foundation. ee 
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The first recorded observations of bed material of the Amazon 
River were made in 1843 by Lt William Lewis Herndon of the 
US Navy, when he travelled the river from its headwaters to its 
mouth, sounding its depths, and noting the nature of particles 
caught in a heavy grease smeared to the bottom of his sounding 
weight’. He reported the bed material of the river to be mostly 
sand and fine gravel. Oltman and Ames took samples at a few 
locations in 1963 and 1964, and reported the bed material at 
Óbidos, Brazil, to be fine sands, with median diameters ranging 
from 0.15 to 0.25 mm (ref. 2). We present here a summary of 
particle-size analyses of samples of streambed material collected 
from the Amazon River and its major tributaries along a reach 
of the river from Iquitos in Peru, ~3,500 km above Macapá, 

Brazil, to a point 220 km above Macapá’. 

The field work was done aboard RV Alpha Helix. Samples 
were collected with pipe dredges’, or with a US BM-54 bed 
material sampler‘, dried aboard ship, and transported to the US 
Geological Survey laboratories in Denver, Colorado, for parti- 
cle-size analysis by sieving, or by pipette—visual accumulation 
tube methods’. 

Herndon’s observations were remarkably accurate; the bed of 
the Amazon is mostly fine sand. Many of our samples contained 
small percentages of fine gravel; these were especially prevalent 
at locations where there were local outcrops in the abutting 
terraces, or where conditions favoured hydraulic sorting; for 
example, on the outsides of bends, downstream from 


99.9 
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Fig. 1 Hydraulic sorting at the confluence of the Rio Negro and 

Rio Solimões results in the local deposits of gravel. The water 

depth was 54 m. Curves are coded as follows: ....... , confluence of 

the Rio Negro and Rio Solimões, ----, Rio Amazonas, 74 km 

downstream of the confluence; . , Rio Solimões, 131 km 
upstream of the confluence. 
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Fig. 2 Variation with distance of median particle size: a, for the 

Mississippi River; b, for the Amazon River. Median sizes shown for 

Mississippi are averages of sands (median diameters 0.06- 

2.00 mm) for 40-km reaches of river. Median sizes shown for 

Amazon are mostly individual samples; @, average values where 
two or more samples were collected in a cross-section. 


confluences with some of the major tributaries, where there are 
zones of high shearing both in the flow and at the bed with 
exceptionally high turbulence, or in very narrow sections with 
high velocities. Figure 1 shows a comparison of particle-size 
distributions of material collected in a deep hole just below the 
confluence of the Rio Negro and the Rio Solimões, and of 
material collected 131 km upstream and 74 km downstream of 
the confluence. The striking differences in size distribution are 
apparently due to hydraulic sorting at the confluence in 
combination with local outcrops of fine gravel in the Alter do 
Chao formation. 

In most alluvial streams, bed material becomes finer and more 
uniform in a downstream direction. Figure 2a, for example, 
shows the trend of decreasing particle size for bed material of the 
Mississippi River along a 1,600-km reach below Cairo, IIlinois®. 
The mean particle diameter along the reach is reduced from 
~0.7 to 0.2 mm. 

No such striking reduction in particle size was found for the 
Amazon River between Iquitos and Belem. A plot of the median 
diameters of bed materials from our 1977 samples against 
distance downstream from Iquitos, Fig. 2b, shows no significant 
trend. To eliminate the effects of local hydraulic sorting, we 
systematically collected some of our samples on the crossings 
between bends. When these data are plotted by themselves (Fig. 
26), a slight trend towards decreasing particle size is apparent. 

At several cross-sections where we measured the suspended- 
sediment discharge”, we collected five or more samples of the 
bed at equally spaced ‘intervals across the sections. The average 
curves (Fig. 3) show no appreciable differences in particle-size 
distributions. Cross-channel variation in particle size at several 
cross-sections was at least as great as downstream variations 
encountered along the entire 3,300-km reach. 

A sorting coefficient, g, was computed for each sample: 


dso +) | 


1) 
ia dso i 


o= 1/2{ <2 


where the subscript represents per cent finer. For example, dso is 
the particle size for which 50% by weight is finer. Values of e 
ranged from 1.18 to 2.59, with 70% of the values falling 
between 1.20 and 1.40. The highest value, 2.59, was for the 
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sample taken at the confluence of the Rio Negro and Rio 
Solimões, the size distribution of which is shown in Fig. 1. When 
values of o were plotted against distance, no significant trend 
was found. The bed material does not tend to become more 
uniform in the downstream direction, as it does in most other 
alluvial streams. 

Although the median size and sorting coefficient of the sands 


on the bed of the Amazon mainstem are essentially constant in — 


the 3,300-km reach we sampled, the composition of the sands in 
the same reach changes significantly. To the unaided eye, the 
sands collected near Iquitos appear darker than those collected 
farther down the river, because of a larger proportion of dark 


mineral grains and rock fragments. Heavy-mineral suites also 






differ. 

~~ Landim et al.“ report that sands in the first 1 300 km or so 
~ downstream from Iquitos are rich in unstable minerals, such as 
hypersthene, augite and amphibole; these indicate a pre- 
dominantly Andean source. Sands in the lower 2,000 km 
contain fewer unstable minerals and higher proportions of 
zircon and tourmaline. This change in mineral composition is 
unlikely to represent only the progressive decomposition of 
unstable Andean minerals during transport or during temporary 
storage in alluvial deposits, because such decomposition would 
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Fig.3 Average particle-size distribution curves for cross-sections 
where five or more samples were collected. The curves are coded as 
follows: ~+———, Rio Maranðn, 25 km below Iquitos; ----, 
Rio Solimões at São Paulo de Olivença, 757 km below Iquitos; 
„Rio Solimões near Santo Antonio do Iga, 909 km below 








‘Iquitos; ce Rio Solimões at Manacapuru, 2,086 km below 
Iquitos: ae te tm pee , Rio Amazonas at Óbidos, 2,827 km below 
Iquitos. 


be accompanied by attrition and a reduction in particle size 
along the channel. We hypothesize that the change in composi- 
tion represents a combination of the decomposition of the 
Andean minerals and a dilution of that mainstem material by 
sands brought in by tributaries from the Precambrian shield 
areas north and south of the Amazon. Thus, any reduction in 
size of material from the Andean sources by attrition along the 
mainstem below Iquitos is offset by the addition of material from 
tributaries draining the Precambrian shield areas. 
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I have previously shown’ that some of the published regressio aK 


equations for describing the decline of density of insects w h = 


distance from a centre of dispersal were each special cases ofa 
more general equation: es 


N=exp(a+ bx} : a 


where N is density at a distance x from a centre ‘of dis e Soa 
and a, b, and c are puree ber { D is 


























often be found to “fit, but ‘this ani wi 
theories of migration as there are equations. 
of data by a single generalized model m 


The decline in density with distance. 1s. 
concave, being steep near the origin, and- ha 
but more rarely the relationship is conves 
example, Meligethes aeneus':*); permitting 
equation (1) to vary enables both forms t 
same equation. But a problem with equats 
approaches zero a singularity occurs wh 
interpret, leading as it does to N=expta 
When c approaches zero it is appropri 
logarithmic equation, pa 


rap: tail 
ponent in 


N=expta+binx ) (2) 


The relationship between c and the residual variance after 
fitting equation (1) is a continuous function, except in the 
region of c~0. As c approaches zero, equation (2) has. been 
found to be a good fit for one set of data (Glossina palpalis 
and G. tachinoides':*) of the eight previously examined, and 
the residual variance was the value which preserved the 
relationship between c and residual variance alter fitting. 
equation (1). 

Early models used to describe dispersal have usually been 
derived from the normal distribution and are thus closely 
related to the diffusion equations of physics. In these models it 
is assumed that particles, or in this case, insects, separate at a 
constant velocity known as the coefficient of diffusion D, and 
for a given period. When applied to living organisms this 
assumes that their behaviour is fixed and is unaffected by the 
presence of others: an assumption with little justification*, 

The regression equation related to the diffusion equation 1s 
the so-called ‘half-normal’, 


N =exp(a+bx7) {3} 


in which b is inversely proportional to the coefficient D. By 
assuming that D is proportional to x~", equation (1) is 
obtained. With D proportional to distance x, the rate of 
diffusion must be inversely proportional to density, a 
relationship which can be interpreted biologically. A large 
number of animals released at a point are likely to interact 
with one another, changing their behaviour in a density- 
dependent fashion; high densities experienced during rearing 
or collection may lead to longer periods of activity. They also 
increase contacts between individuals which may, im turn, 
reduce the initial speed of movement away from the release 
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Ref. a 
Drosophilia pseudoobscura 6 3.48 
Musca domestica 12 — 4.22 
Pkormia regina 13 1.95 
Lucilia sericata 14 2.90 
Glossina palpalis + tachinoides* 3 11.16 
Eriovischia brassica 15 3.80 
Scolytus multistriatus 16 5.78 
Meligethes aeneus 2 ~ 17,94 
Danaus plexippus 17 8.44 
Larus argentatus 18 7.98 
Larus novaehollandiae 19 2.69 
Parus major 20 3.99 
Turdus merula 21 7.80 
Home sapiens 22 3.17 
Peorian loess 10 2.66 


9x 1074 


— 0.43 


Nature Vol. 286 3 July 1980 


12 


PAYS. 


0.9376 
0,4483 
4.4483 
0.7456 
1.2205 
1.3192 
9.2005 
0.1360 
4.9775 
9.7325 
0.1257 
0.4232 
6.7125 
2.8050 
R3175 


F-ratio 
356.41 
31.95 
78.24 
20.93 
32.38 
96.86 
27.93 
50.56 
124.24 
487.21 
673.50 
109.78 
2128.72 
353.80 
125.71 





Eguation (5) fitted to dispersal data of 14 species, and also that of the deposition of Peorian loess in central North America. (Significance levels all 
less than 0.001.) The data are all of average numbers obtained at a distance from a point source except for the tsetse* data which are from a line 
source, and standardized for density (see ref. 23). The Drosophila data are of the combined data of Dobzhansky and Wright’ as given in 


Wallace?*. d.f.= degrees of freedom, r.m.s. = residual mean square. 


point, thus decreasing the diffusion coefficient. As the number 
of contacts increases with the number released and a very 
large number of dispersing insects is needed to get sufficient 
recaptures for analysis, such experiments are likely to decrease 
the diffusion coefficient in the early stages of dispersal. Once 
an insect has left the central concentration, its diffusion 
coefficient may rise to some characteristic level determined by 
its earlier environmental history; the amount of interference 
required for a given effect is also likely to be a species 
characteristic. 

This complex behaviour makes the diffusion process 
envisaged by Pearson? and Dobzhansky and Wright® seem 
unlikely; yet the prediction that the variance of distance flown 
should be linearly related to the time spent flying was 
apparently upheld by Dobzhansky and Wright’s experiment®. 
Their discovery that the diffusion coefficient was constant only 
for a given experiment did not deter their faith in the model, 
but the fact that the coefficient varied between experiments’ 
casts some doubt on the validity of the normal distribution as 
a basis for the model. With the potential for such varied 
behaviours in different species, it seems essential to increase 
the numbers of model parameters. While this may present 
problems in statistical estimation, it does make possible a 
rational search for behavioural interpretation that is not 
possible with the normal model’. 


The distribution from which equation (1) presents a form 
appropriate for regression analysis is a generalization of the T 
distribution (when y=0), and which also includes the Weibull 
distribution (x=0), and the half-normal (a=4, c=2, 7=0), and 
which has the probability density function’, 


rity WOR SD 
p(x)= ames aa exp( — (4) 





Equations (1) and (4) are related by (y=0), (P €= -—b), (a 
=I/c), and (c/BT (1/c)=exp(a)). If the condition that (x= 1/c) 
is relaxed, a second term in x is obtained, and defining 
equivalent parameters gives, 


N =exp(a+ bx‘ +dinx) (5) 


where (y=0), (€= — b), (ca=d+1), and (c/B"T (a) sexp(a)). 
Equation (5) has equations (1) and (2) as special cases; 
equation (1) is obtained by setting d=0 and equation (2) when 
either b or c=0. In view of this relationship, the Inx term of 
equation (5) clearly becomes dominant as b or ¢ approaches 


a 
Table 2 Residual SS after fitting equation 





Species Ref. (3) 

Drosophila pseudoobscura 6 160.92 
Musca domestica 12 31.43 
Paormia regina 13 167.06 
Lucilia sericata 14 13.19 
Glossina palpalis + tachinoides 3 25.65 
Erioischia brassica 15 18.62 
Scolytus multistriatus 16 232.17 
Meligethes aeneus 2 6.98 
Danaus plexippus 17 144.79 
Larus argentatus 18 1330,52 
Larus novaehollandiae 19 4.61 
Parus major 20 17.71 
Tardus merula 21 892.94 
Homo sapiens 2? 525.40 
Peorian loess 10 22.21 


(2} il) {5} F-ratio 
86.07 15.81* 15.00 0.8650 NS 
18.81 10,35* 10.31 0.0914 NS 
121.23 79,02* 69.49 2.0571 NS 
11.32 7.46* 7.46 0.0080 NS 
17.09* 17.09 17.09 0.0004 NS 
20.40 17.17" 17.15 00171 NS 
81.78 64.77* 55,20 1.0049 NS 
10.76 6.20* 2.45 27,5809 t 
69.86 21.43* 19.9] 0.3052 NS 
302.43 48.53* 39.01 0.9763 NS 
27.89 1.92* 1.89 0.2625 NS 
84.59 16.66* 5,50 26.3686 t 
112.70 26.86* 26.85 0.0021 NS 
33.65* 34.40 33.65 0.0005 NS 
16.53* 16.56 16.53 0.0018 NS 


ett tte 
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zero, and shows why N=exp(a+binx) is an appropriate 
alternative equation preserving the symmetry between c and 
residual variance. Thus the description of Morris’ data of 
tsetse dispersal? is not qualitatively different from the other 
seven sets investigated in ref. 1. 

Using literature data for several taxa, I attempted to 
determine the usefulness of these equations for description of 
animal dispersal from a point source. Table 1 shows the 
results of fitting. equation (5) to data of 14 animal species and 
also, for comparison, one set of data of the aerial displacement 
by wind of grains of Peorian loess in central North America’? 
Table 1 shows that all the data fit the model well, and also 
that they can be separated into three types; two data sets have 
d comparatively large (Meligethes and Parus) suggesting that 
the fourth parai has a large influence, and three sets in 

jossina, man and soil), supporting the 







which c is smal 
logarithmic equation (2): of the remainder, approximately half 
have very small $ but these coincide with large c. 

To confirm that equations (1) and (2) are indeed special 
cases of equation (5) when b, c or d are small, all three 
equations were fitted to the data, with, for comparison, the 
‘half-normal’. equation (3). Table 2 shows the residual sums 
of squares. after fitting the four equations. The last column 
shows the F-ratio for improvement obtained by fitting 
equation (5) over the next best fitting equation, and equation 
(1) always fits better, usually significantly better than equation 
(3). Note that only man and the tsetse fly data conform to the 
same model as the soil. What features do man and tsetse have 
in common with air-blown soil? It has been suggested that all 
behaviour is the resultant of two opposing tendencies, to 
approach and to separate, and that the distributions we see of 
organisms in space are the sum of these two opposing 
behaviours''. The distribution of Peorian loess is probably 
also the result of characteristics of the grains which tend to 
promote or inhibit displacement by wind, for example, surface 
texture and mass. I do not suggest that the forces promoting 
displacement in animals are the same as for wind-blown soil, 
but that there are analogous forces acting in both cases. 

Whatever those forces are, the same functional relation 
connecting them to the specific behaviour of the dispersing 
particle (soil, spores and seeds as well as actively moving 
animals) should apply. The equation presented here is a good 
candidate for such a function, even though at this stage the 
parameters cannot be identified. However, it is likely that the 
segregation of the data sets into two groups described by 
equations (1) and (2) does reflect a real behavioural difference 
in movement. To determine what that behaviour might be will 
necessitate analysis of the parameters and this requires far 
more density—distance data than is available. 
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Cameral liquid transport and buoyancy 
control in chambered nautilus (Nautilus 
macromphalus ) 





Lewis Greenwald*, Peter D. Ward? 

& O. E. Greenwald* 

*Department of Zoology, Ohio State University, Columbus, 
Ohio 43210 

+Department of Geology, University of Calfornia, Davis, 
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Studies of cephalopod buoyancy’ show that transport of cameral 
liquid by the shallow water cuttlefish (Sepia) can be explained 
by a reduction of the rasa osmotic a Followed 





240 m, ‘the depth beneath which ees esmotic  exngitying:é can ot. 
function?’ At 240m, the hydrostatic pressure forcing water into 
the chambers of the nautilus shell exceeds the maximum 
osmotic ermtying pressure. Because deep water experiments were 
not feasible, it was our aim to determine whether nautilus could 
transport cameral liquid against osmotic pressure gradients, and 
to consider mechanisms that could account for transport against 
both osmotic and hydrostatic gradients. These possible 
mechanisms include enhanced siphuncelar blood concentration 
(possibly caused by a countercurrent multiplier in the siphuncle’) 
which could ‘draw’ water from chambers below 240m, and 
‘local osmosis’, resulting from enhanced solute con- 
centrations in siphuncular intercellular spaces. Physiological and 
ultrastructural evidence for the latter is presented here. 

To expose the siphuncle to osmotic pressure differences 
tending to draw water into a chamber, we drilled a hole into a 
20-ml chamber and removed any liquid. Then we added 5ml 
of NaCl-enriched seawater (either L3 er 1.9 osmolal). To give 
the animals an ‘incentive’ to empty their chambers, we drilled 
a hole in an adjacent chamber and filled it with seawater, 
causing the animal to sink to the bottom of the aquarium (1 m 
deep). 

After 10-15 days we measured volumes and osmolalities 
of liquid remaining in the experimental chambers. Of 13 
animals, 12 transported some liquid oat (the animal that did 
not was omitted). For nine animals wih | 3-osmoilal solutions 
in their chambers, the rate was [459pid"™'+80 (95% 
confidence interval), and for three animals whose chambers 
contained 1.9 osmolal solutions, 218 pld~'. The osmolality of 
heart blood of these and other animals was 1.062 (range. 
1.054-1.069, 17 animals); the osmolality of the seawater was 
1.045. By the end of the experiment the osmotic pressure of 
the experimental cameral liquids had fallen to 1.262 and 1.770 
osmolal, respectively, still well above the blood 
concentrations. Siphuncular blood samples were not obtained. 

Thus the siphuncle transports liquid by some mechanism 
other than simple osmotic flow. This transport against osmotic 
gradients, as well as transport against hydrostatic gradients, 
such as would occur below 240m, could be explained by local 
osmosis, which requires a cellular architecture of intercellular 
spaces or basolateral infoldings of the transporting cells’, 
According to Denton, siphuncular cells are “packed with 
mitochondria” and the basal and lateral membranes of these 
cells are “folded to form canaliculi”. This description recalls 
other transporting cells thought to use local osmosis®. Our 
observations of siphuncular cells (Fig. 1) are consistent with 
this description. Our micrograph is from a siphunele that was 
emptying cameral liquid (1.7 osmolel) against the osmotic 
gradient at a rate of 310pld~'. The numerous mitochondria 
along the lateral infoldings (canaliculi) suggest that solute- 
coupled water transport occurs at these small infoldings rather 
than at the level of the large basal infoldings. Neither large 
basal infoldings nor canaliculi are present in siphuncles that 
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have not yet begun to empty cameral liquid. 

Nautilus adjusts its rate of emptying and consequent 
buoyancy development to meet its needs. When we did not 
flood incentive chambers and the animals were buoyant, as 
they become in the laboratory, emptying of hyperosmotic 
solutions was slow (Fig. 2). These animals increased their 
emptying rates when incentive chambers were flooded, to make 
the animals sink. Other animals that had been emptying 
rapidly (and had flooded incentive chambers) decreased their 
emptying rates when we emptied and plugged the incentive 
chambers to make the animals float. 

This work was supported by NSF grant PCM 7823624 to 
L.G. and P.D.W. We thank Professor E. J. Denton for helpful 
criticism, Drs Yves Magnier, Director of the Aquarium of 
Noumea, New Caledonia, and Paul de Boissezon, Director of 
the ORSTOM Laboratory in Nouméa where this work was 
done. 


=~ 300 

g7) 

ES 

= 200 

2 

2. 

E | 

bw] 

E ool 

po 

% 

žo [LLD Eh 
Removing Adding Summary 
extra extra of results 


buoyancy buoyancy 


Fig. 2 Rates at which cameral liquid was emptied from 
experimental chambers of nautilus in different conditions. See 
text for explanation. The lines extending from the means are the 
95°% confidence intervals. The difference in emptying rates 
between all buoyant (B) and non-buoyant (NB) animals (last 


panel) is highly significant (P <0.01, Student’s ż test). 
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Fig. 1 Low power electron 
micrograph {x 5,000) of a 
siphuncle cell. The large basal 
infolding (B) can be seen as well 
as the network of small channels 
(S) that lead into the large basal 
infolding. Numerous mitochondria 
(M) can be seen in the cytoplasm 
- between the small channels. 
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Ovipositing butterfly (Pieris brassicae L.) 


distinguishes between 
aqueous extracts of two strains of 
Cannabis sativa L. and THC and CBD 


Miriam Rothschild 


Ashton Wold, Peterborough PE8 5LZ, UK 


J. W. Fairbairn 


School of Pharmacy, University of London, Brunswick Square, 
London WC1, UK 





The ovipositing female butterfly has proved a useful tool for 
separating closely related strains of various plant species. Using 
the large white (Pieris brassicae), we have been able to 
distinguish between the Turkish and Mexican strains of 
Cannabis sativa, and demonstrate that the butterfly is 
sufficiently sensitive to differentiate between purified THC 
(tetrahydrocannabinol) and CBD (cannabidiol) - two substances 
which taste and smell alike to the human observer. 
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Egg batches No. of 
Cannabis strain and spray No. of (excluding eggs 
used on cabbage leaf trials singles) laid 
Cabbage extract 35 482* 
v 4 
Tap water 47 462 
Boiled cabbage extract 1,141 
Cabbage extrac 747 
Mexican extract _ 8 135* 
y 18 
Tap water 181 1,418 
Mexican extrac 3 132 
v i 10 
Untreated cabbay 52 1,493 
Mexican extract 0 9 
y a 3 
Untreated cabbag 31 1,463 
Turkish extract 29 773 
vo 18t 
Tap water 76 1,421 
Mexican extrac 9 510 
w ge ae 263 
Turkish extract >, 65 1,691 
Mexican extract 128 13 
V 5 
Untreated cabbage 2518 537 
Mexican extract 178 37 
y i 
Untreated cabbage 91§ 669 
Mexican extract (steamed) 38§ 143 
v 2 
Untreated cabbage 36% 75 
Mexican extract {steamed} 15§ 40 
2 


Vv 
Untreated cabbage 


We sprayed cabbage leaves with aqueous extracts (soups) of 
plants which do not serve as normal hosts for P. brassicae. 
The ovipositing female will lay sparingly on most of these 
leaves, totally reject a few, and sometimes lay as freely as on 
controls sprayed with cabbage extract or tap water. Cabbage 
(Brassica oleracea, greyhound strain) and Cannabis sativa 
(Turkish. strain containing predominantly CBD (UNC 354) 
and Mexican a er epee THC (UNC 







plant, matched f r size and BpatiOn. on the stem. Butterflies 
from Brian Gardiner's Cambridge strain? of P. brassicae were 
reared at Ashton. 

Aqueous extracts were prepared by macerating 5g of 
Cannabis (or other) foliage in a domestic blender for 5 min, 
and adding Soz tap water. The blender was not allowed to 
warm up. The resulting opaque green fluid was filtered 
through Whatman No. | paper, and a measured amount was 
sprayed on to each cabbage leaf. Maceration probably liberates 
unusual volatiles from Cannabis, cabbage and any other plant, 
and such extracts from its own food plant may slightly alter 
the butterflies’ reaction to a leaf (Table 1). In other 
experiments volatiles were removed by heating the extract 
slowly after filtration for 30min until all the characteristic 
odour had evaporated, leaving only a generalized ‘green’ or 
‘vegetable’ odour. Lost fluid was replaced by an equivalent 
amount of tap water, and refiltered to remove green matter 
that had precipitated during heating; the resulting fluid was a 
clear brownish yellow. Ethanolic solutions containing 1°, 
CBD and 1°, THC were also tested by spraying on. to the 
surface of cabbage leaves. 


*Eggs counted in only 2 and 5 of these trials, respectively. tEggs counted in 10 trials; egg batches counted in 14 trials. [Ege batches coun 
batches including singles. Results obtained from female ovipositing in dual choice chamber. Experiments performed by L. Lundgren. ND not d 
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No. of times first 


choice of 
ovipositing females Remarks 
1 No significant difference 
3 
The slight deterrent in extract seems 
ND to be dissipated by boiling away 


volatiles 


Powerful deterrent present in 


All tap water Mexican strain 




























l Little if any difference between o 
trials of treated er untreated leaves 
9 
Two leaves did not increase laying. . 
All cabbage on Cannabis sprayed cabbage 
4 Repellent quality of Turkish. strain 
far less than tha: of Mexican strain 
14 
1 16 of the leaves. treated wi exican extract. o 
were not laid om: 3 
25 treated with Turkish extre 
ND 
1978 trial 
ND 
ND 
1979 trial 
ND 
ND 
1978 trial 
ND 
ND 
1979 trial 


Two leaves were offered PEE TRE i 
ovipositing females in a large greenhouse {4.5 
on reversed flower pots ce inches apart), t 


Teed at intervals to avoid pesition ‘ell jl 
weather the leaves were resprayed twice during i 
Females were used on the second day of è 
resulted in a high proportion of small egg bate: 
Aqueous extracts of Cannabis sativa sprayed on to “tie 
normal host plant drastically redaced egg laying by P. 
brassicae, but the Mexican THC strain proved far more . 
repellent than the Turkish CBD strain. Table 1 show: a 
matched against a control sprayed with tap water, egg b 
are outnumbered 22:1 on leaves sprayed with Mexican strain, 
but only 3:1 with Turkish strain. : 






















soup, and once or - twice with Merian soup, : 
oviposition than the controls, confirming that 
volatiles of both plants contained the more act 

Since slight repellent qualities were usuall 
steamed extract, and some cannabinoids, altho 


and CBD (dissolved in ‘ethane scat | various ; 
each other (Tables 2, 3) and found that 2-3 tir 
eggs were laid on leaves aprope w with EN an T 





in foliage egg baiches: on + both: leaf R. ban Jarvae ie 
injuries to the plants?. It is nevertheless surprising to find that 
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Table 2 Oviposition on cabbage stayed si steamed aqueous extracts (soupa) T TER of Cannabis sativa 
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menete, 


No. of egg batches No. of No. of times first 
Strains of Cannabis No. of (excluding eggs choice of 
and spray used trials singles) laid ovipositing female Remarks 

Steamed Mexican extract i 1979 triais. Repellent quality of 

y i] ND All cabbage steamed extract was more marked than 
Steamed cabbage extract 114 in 1978 
Steamed Turkish extract 42 Less difference between Turkish steamed 

v 3 ND ND extract and cabbage 
Steamed cabbage extract 96 
Steamed Mexican extract 638 5 5 Trials counted. Markedly less 

v 7 ND deterrent quality in steamed than unsteamed 
Unsteamed Mexican extract 72 0 extract 
Steamed Turkish extract 405 3 4 Trials counted. This difference is less 

y 9 ND marked than between Mexican steamed 
Unsteamed Turkish extract 319 i and unsteamed 
Steamed Mexican extract il ł All leaves with Turkish extract were 

v 6 ND laid on, but 4 leaves with Mexican extract 
Steamed Turkish extract 121 5 had no eggs laid on them 
Steamed Mexican extract 0 0 0 Turkish steamed extract 

v preferred to Mexican steamed extract, 
Steamed Turkish extract . 2 2 11 0 but many more eggs laid when 

EaR. > tap water used 
Cabbage and tap water 2 70 4 
Steamed South African 
extract 3 0 A THC strain of Cannabis. A huge 

y 7 {very small) ND number of eggs on control leaf on 

Steamed cabbage extract 87 7 both surfaces 





Table 3 Oviposition on cabbage sprayed with purified THC and CBD 
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No. of No. of egg batches No. of 
Spray trials (excluding singles) eggs laid Remarks 

THC 21 1,301 Leaves sprayed with THC always 

v 24 11 trials all trials carry fewer batches and fewer eggs 
CBD 52 counted 3,261 counted than CBD sprayed leaves 
THC 46 1,119 A few trials were made in 1979, 

v 12 6 trials and showed a greater contrast than in 
Tap water 145 2,211 counted previous trials 
CRD 100 3,859 Fewer egg batches were laid on CBD 

¥ 19 16 trials 9 trials sprayed leaves. They were sometimes 
Tap water 227 counted 2,739 counted larger than on controis, suggesting an 

oviposition stimulant but not an attractant 

THC 3 $3 Suggests THC less repellent than 

¥ 2 Mexican extract 
Mexican extract 0 0 
THC and Tween 6 176 The repellent character of THC 

V compared with CBD is well illustrated 
CBD and Tween 8 16 $06 in these trials ` 

v 
Tween 8 202 
CBD + ethanol 36 Ethanol alone is jess repellent 

y than either CBD + ethanol or 
Ethanol 4 37 ND THC + ethanol 

v 
Tap water 133 
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Table 4 Oviposition on cabbage sprayed with THC and CBD 
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No, of egg icles laid No. of eggs laid 
Spray First trial Second trial Third trial First trial Second trial Third trial Remarks 

THC 16 8 478 211 ND in two. out of three 

y 9+3 singles trials CBD sprayed 
CBD 16+ > 678 561 ND leaves had more eggs 

¥. several singles 12+8 singles than the control. 
Cabbage + In one case the THC-sprayed 
tap water 17 12 $ 404 383 ND leaf had more eggs 

a laid on it 
“R 9 4 437 iit In both trials l 
pa CBD-sprayed leaves carried more 
Cabbage + 8 l 350 2i egg batches and more eggs 


wat than the contral 
ND, aot determined. 
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this butterfly can distinguish between the aqueous extracts ‘of 
two such similar strains of a plant species which does not, in 
nature, serve as a host. It seems that the major deterrent 
factors are in the volatiles emanating from these solutions; 
however, after steaming the extract, there remain non-volatile 
elements (which have not been identified) in the residue, which 
influence the ovipositing behaviour of the butterfly. It is there- 
fore interesting to find that the large white can distinguish 
between two very similar cannabinoids (differing from each 
other only by a ring closure which changes a substituted 
terpinoid (CBD) | nto a dibenzopyran (THC). Although present 
in small quantities these probably constitute two of the non- 
volatile repellents in the plants, and the relative unattractive 
nature of the THC could contribute to the greater repulsive 
qualities of th Mé soe strain. 











before the es leaf. e e of a leaf Srm 
with CBD and THC occurred after, rather than before ‘touch 
down. > 

The tendency: for females to lay larger batches (containing 
more eggs than the controls) on certain CBD-treated leaves 





at not an aractan in an anne There i iS no pE that 
several different factors contribute to the production of large: 
egg batches, quite apart from the age and past history of the 
females concerned. | 











after ine aa steaming: the oe ees ‘uch of its 


original repellent quality. Possibly the THC concentration was 4 
higher. Moreover, the spring had been exceptionally cold, and 


in an unheated greenhouse all the plants suffered. | it 
would be surprising if the secondary plant substances 


those found in the previous crops. 
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A curiosity of light adaptation 


J.D. Mollon & P. G. Polden 


University of Cambridge, Department of Experimental Psychology, 
Downing Street, Cambridge CB2 3EB, UK 


By standard psychophysical procedures’ it is possible to 
arrange that visual discriminations depend only on signals 
originating in the violet-sensitive receptors of the eye. A person’s 
vision then shows several characteristic properties: differential 
sensitivity is lower than when the green- and red-sensitive cones 
contribute to detection, spatial and temporal resolution is 
poorer, and a number of anomalies of adaptation reveal 
themselves'”, including the saturation that we have 
demonstrated when violet targets are presented on steady blue 
or violet adapting fields". ‘Saturation’ refers to the empirical 
finding that as the intensity (/) of the short-wavelength field 
increases, the threshold intensity (AJ) for detecting a violet 
target rises much more rapidly than is described by Weber’s law 
(Al/1=constant). These earlier results (replicated here; see Fig. 
2, right-hand data), were obtained in what would conventionally 
be regarded as equilibrium conditions, in that thresholds were 
measured after 4min of adaptation to the steady field. Here we 
examine a very odd aspect of the phenomenon: the threshold 
reaches its saturated state only after passing through a much 
lower value ™”, 

Figure 1 shows (for 3 observers) the time course of the 
threshold for a 436-nm target during the first 3min after the 
onset of a composite adapting field. The latter consisted of a 
440-nm component of 10'°® quantas~! deg~* and a 575-nm 
component of 10''-’ quantas”' deg~*. The second, yellow, 
component would traditionally be termed an ‘auxiliary field’ 
(ref. 1, p. 198); it serves to suppress the red- and green- 
sensitive cones. The left-most data points of Fig. 1 represent 
the threshold is after the onset of the composite field; the 
threshold is elevated relative to its dark-adapted value (not 
shown). Thereafter the threshold falls (as would normally be 
the case during the first few seconds of light adaptation), 
passes through a minimum, and then rises with remarkable 
speed. 

For observers J.D.M. and D.D. the function at its steepest 
has a slope of {dBs~'. To record accurately these rapid 
- changes in sensitivity we have revived a special psychophysical 

~ method described by Cornsweet and Teller?*. An ordinary 
Staircase procedure'*, such as is traditionally used to track a 
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changing threshold, would require a very large step size if it 
were to track faithfully the extremely rapid changes seen in 
Fig. 1; but then the precision of the estimate at any given 
delay (At) would be low. The modified procedure (called here 
the ‘method of a thousand staircases’) is designed to obviate 
this difficulty. In the present example, the observer receives 13 
exposures to the adapting fields, each exposure, or run, lasting 
3min and successive runs being separated by [5-min intervals 
to allow the visual system to recover. During each run, test 
flashes (and accompanying warning tones) are presented at Ies 
intervals. On the first run of the series the test flashes are all 
presented at the same intensity and the observer indicates by 
pushbuttons whether he has seen cach flash. The response. 
corresponding to each value of Ar is stored by the computer 
that controls the experiment. On the next run the computer 
adjusts the intensity of the flash at a given Ar according to the 
response previously given at that Arf but independently of 
responses given earlier in the current run. The new response at 
each At is now stored and is used to determine the flash 
intensity at that At on the third run; and so on. The 
adjustments between runs are made according to the rules for 
a single staircase'?, but what is unusual is that a large number 
(here 60, but in principle unlimited) of staircases are being 
maintained concurrently, each staircase corresponding to a 
single At. The final thresholds plotted in Fig. 1 are based en 
the intensity levels visited at a given Ar in the last eight runs. 

Figure 2 places the phenomenon of Fig. I in context, 
Consider first the data to the right. These constitute an 
increment-threshold function (threshold-vs-intensity’ (tv) 
curve) for 436-nm targets presented on a 440-nm field and 
were obtained in steady-state conditions, in that measurements 
at each intensity of the field were preceded by 4min of 
adaptation to the field. A fixed yellow (575m) auxihary field 
of 10''*quantas”'deg™* was present throughout. The 
broken line has a slope of unity and corresponds to Webers 
law. The thresholds deviate upwards from this line, showing 
the operational saturation described earlier. At the highest 
intensity of the 440-nm field, another class of cones becomes 
responsible for detection’® and the function flattens. A 
conventional, random double-staircase procedure’? was used 
to obtain these data. 

In the central panel of Fig. 2, log threshold is plotted as a 
function of At, with the intensity of the 440-nm field as 
parameter. These data were obtained by the method of a 
thousand staircases and they show how the threshold reaches 
its final ‘equilibrium’ value. The broken lines project the 
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Fig. 1 Variation of log threshold intensity for detecting 436-nm 
flashes during the first 3min of adaptation to a composite 
adapting field consisting of a 440-nm component at an intensity 
of 10'°°qguantas”'deg™* and a 575-nm component at an 
intensity of 10117 quantas~'deg™*. (The nominal chromaticity 
coordinates of this composite field are x=0.45, y=0.47.) The 
target flash subtended 1 deg of visual angle, was delivered to the 
centre of fovea and had a duration of 200ms; the steady. 
adapting fields were concentric with the target flash and 
subtended 6.5deg. Target flashes were presented at 3-s intervals, 
each being preceded by a warning tone. A period of 2min of 
dark adaptation preceded the onset of the fields. The solid lines 
are interrupted at values of Ar at which insufficient light was 
available to measure a threshold. Observers are denoted by 
initials. 


asymptotic threshold levels to their rightful places on the t.v.i. 
curve. The 575-nm_ field remained the same intensity 
throughout and was combined in different sessions with 
different intensities of the 440-nm field. 

The behaviour of the threshold changes systematically with 
small changes in the intensity of the 440-nm field. In all cases, 
the threshold passes through a minimum before rising again, 
but the more intense the field the earlier the minimum occurs 
and the steeper the slope of the rising part of the function. The 
latter trend can be seen in the data of Stromeyer et al'?. 
Ancillary evidence suggests that for At>45s the upper limit to 
the family of functions in Fig. 2 depends on detection by a 
recovering long-wavelength mechanism (see also ref. 12, Fig. 
14). At the lower field intensities, the functions resemble those 
given by Augenstein and Pugh? for light adaptation to long- 
wavelength fields alone. The left-most panel of Fig. 2 is 
discussed below. 

Hitherto, we have treated the 575-nm field merely as an 
auxiliary field, serving to adapt the long- and middle- 
wavelength cones. If we assume that the spectral sensitivity of 
the short-wave receptors is approximately that of the 
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psychological mechanism My (ref I. p. 18), then in our conditions 
the $75-nm field will contribute never more than 1°, to the 
total number of photons absorbed in those receptors. Yet Fig. 
3 demonstrates that this field (and thus probably a signal 
originating in the long- and middle-wavelength cones) is 
crucial to the temporal variation in sensitivity. In the control 
condition of this experiment (solid circles, Fig. 3) the onsets of 
the fields were simultaneous as before, but in the experimental 
condition (open circles) the onsets were uncoupled. the onset 
of the 575-nm field being delayed by 40s relative to that of the 
440-nm field. The delay chosen is equal to a Ar at which the 
threshold would have passed its minimum if the onsets of the 
fields had been simultaneous. Yet 40s of pre-adaptation to the 
violet field has little effect on the function: the onset of the 
delayed yellow field finds the threshold close to the value for 
At=Is in the control condition and the threshold then passes 
through its curious oscillation as before; the rising part of the 
function is displaced along the abscissa by a delay (47s) that 1s 
slightly greater than the imposed delay of the yellow field. 
Because it seems to matter only slightly whether or not the 
retina has been pre-exposed to the 440-nm component, the 
phenomenon must depend substantially on a signal originating 
outside the short-wavelength receptors. However, the 440-nm 
component (and thus, probably, the adaptive state of the 
violet-sensitive receptors) must be independently important, as 
variation in its intensity produces the family of functions seen 
in Fig. 2. The 7-s discrepancy noted in the present results may 
be attributable to the difference in the adaptive state of the 
short-wavelength receptors. 

We relate the present phenomenon to a general model of 
the short-wave mechanism'*'>, in which it is supposed that 
signals originating in the short-wavelength receptors are 
transmitted only via chromatically opponent pathways'® 1 
and that the sensitivity of the psychophysically defined short- 
wavelength mechanism depends on (1) the adaptive state of 
the short-wavelength receptors and (2) the balance of short- 
and long-wavelength signals reaching a chromatically op- 
ponent site. A crucial assumption is that a chromatically 
opponent channel is most sensitive to input perturbations when 
it is close to the centre of its operating range; as Ht i$ 
‘polarized’ (that is, driven to one or other end of its operating 
range by, for example, a saturated blue or a saturated yellow 
field), incremental or decremental inputs are increasingly 
attenuated. In our experiments, yellow fields alter the 
measured sensitivity to short-wavelength targets primarily by 
altering the polarization of the opponent site, for they 
negligibly stimulate the short-wavelength receptors. The violet 
fields act both at short-wavelength receptors and at the 
opponent site, but, in the presence of the yellow field, 
contribute negligibly (< 59%) to absorptions in the long- and 
middle-wavelength cones. Note that the most sensitive state of 
the opponent channel almost certainly does not correspond to 
the condition of equal rates of isomerization in the three 
classes of receptor; there is good evidence that the signal from 
the violet-sensitive receptors is disproportionately weighted in 
its contribution to this channel’ ?. 

As a working hypothesis we suppose that the present 
phenomenon arises from a temporal variation in the signal 
delivered to the opponent site from the long- and middle- 
wavelength cones. A 575-nm field of 10+}? quantas” ' deg”? 
has a troland value of 105° and will bleach approximately 
85° of the pigment in these cones?°; most of the change in 
the proportion of unbleached pigment will occur in the 
first minute after onset of the field*’. During this time the 
signal reaching the opponent site from these cones will 
presumably fall rapidly, owing both to bleaching and to other 
processes of receptor adaptation (see, for example, ref. 22). The 
photo-sensitivity of the short-wavelength cones is not known 
but our calculations suggest that they will not be substantially 
bleached by our 440-nm field. So we assume that during light 
adaptation to our composite field the signal from the long- 
and middle-wavelength cones is changing more rapidly than 
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after onset of the composite aoa field, pray responses eh used to place he staircases aa to the incied pret ae 
parameters were as for Fig. 1..Observer: J.D.M. Centre: temporal course of the threshold for detecting 436-nm test flashes duri Ci 
-3min of adaptation to a series of composite fields consisting of a fixed 575-nm component of 1017 quantas”'deg™* and + 
~-gomponents of intensities: x 10'°8®, @ 10195, O 101939, + 101-14, 7 107-58, g 10°64 quantas~'deg™?. Two experimental | sessions me 
devoted to each of the latter values ‘and the ‘order of Sessions was randomized. Left-hand side: minimal thresholds as a function of the log 00 | 

_ intensity of the 440-nm field. The solid line has a slope of unity, Bo 








r that from. Revie short-wavelength cones. The opponent site 








2 “other © “direction | and the threshold. 
ly, falls, pasica rough a minimum, and then 
ane: of the. erate enie of Fig. 2 (central ” 
“panel) is e vith the hypothesis outlined above. The 
-minima of the several functions should correspond to instants 
cat which the opponent site is in the same (maximally sensitive) 
state. Differences between the minimal thresholds must then 
depend only on variations in sensitivity at more distal sites in 
the channel that carries the signal. In the left-most panel of 
Fig. 2 we plot the minima against the intensity of the 440-nm 
field: these values, unlike the asymptotes (right-most panel), 
obey Weber’s law closely. As Weber’s law (whatever its 
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ultimate explanation) characterizes the threshold for large Time (5) 

achromatic targets presented on bright steady fields, it is the 

behaviour that might be predicted when we hold constant the 5 a 
state of the opponent site. In other experiments. we have held Fig. 3 Solid points: variation of in threshold intensity, for 
constant the 440-nm component of the field and varied the detecting 436-nm test flashes during the first 3min of ada 
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575-nm component: in this case the minimum threshold, 
though reached at different values of At, varies little in its 
absolute value, as would indeed be predicted if (1) sensitivity 
at the distal site is predominantly set by the 440-nm 
component and (2) the minima i a equivalent states of plotted relative to the time do A 440-nm a of 
he opponent site. Pa ie field. The onset of the delayed yellow field is indicated by a a 

s the hypothesis supported by the ` observer's vertical bar. T 
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phenomenological experience? Assuming that it is the central 


region of the field that is most relevant, the CIE chromaticity 
coordinates of the composite fields used for the measutements 
of Fig. 2 range from x=0.47, y=0.50 to x=0.36, y =0.32; but 
these chromaticities are not a good guide to the appearance of 
intense stimuli in transitional conditions. Formal 
phenomenological reports were obtained in separate runs m 
the conditions of Fig. 2. At onset, all fields were ‘dazzlingly’ 
bright and they varied in hue from ‘yellow to ‘pale violet’ 
according to the intensity of the 440-nm field. In all cases, 
after about 10s, the field darkened strikingly and turned a 
grey or slate blue colour. After 60s the colour was always 
pinkish, and, after 120s, greyish. The sudden darkening always 
occurred a few seconds before the independently measured loss 
of sensitivity, and the value of Ar at which it occurred varied 
less with field intensity than did the point of minimum 
threshold. We therefore hesitate to relate the phenomenology 
to the processes, probably retinal, revealed by the sensitivity 
measurements; and the reader will have noticed that 
throughout this article we have avoided the term ‘blue-yellow 
opponent,channel’, 
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- Visual acuity is better for 
letters in rows than in columns 


R. D. Freeman 
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The spatial resolving capacity of the visual system is usually 
measured with charts containing letters of different sizes 
displayed in horizontal rows or, less often, in vertical columns. 
Although previous studies suggest that acuity may not be equal 
for these two arrangements’ it is implicitly assumed in clinical 
tests that orientation of an array of letters is of no consequence 
to the measurement. The work reported here shows that this 
assumption is incorrect. While undergoing an examination in an 
eye clinic, I noticed that letters of a given size seemed more 
difficult to identify when they were arranged in vertical 
compared with horizontal arrays. Subsequently, I tested a group 
of subjects using letters presented pseudo-randomly with 
different inter-letter spacings, in rows or columns. Subjects were 
required to identify letters from left to right or from top to 
bottom in each isolated row or column. A significantly higher 
number of errors was made for letters in columns than for those 
in rows. The effect does not depend on order or direction of 
letter presentation, and it is not found when acuity 
determinations are made using a non-letter test symbol. To 
explore the conjecture that the effect could be associated with 
previous experience, two additional groups of subjects were 
tested. First, bilingual Chinese, whose first language is read in 
both Horizontal and vertical arrays, were tested using Chinese 
characters and English letters. Second, acuity determinations 
were made with young children who could identify letters but did 
not read. In each case, acuity was not significantly different for 
horizontal or vertical pres sentations, a finding consistent with the 
notion that learning may influence the developineni of visual 
resolution. l 

The tests were carried out with slides containing pseudo- 
random combinations of eight letters—E, H, R, N, O, X, D 
and V--arranged in groups of columns or rows. Each letter 
appeared once at a given inter-letter separation (see below). 
The slides were mounted in frames for use in a standard vision 
chart projector. Before the tests,.the refractive condition of 
each subject was carefully deter mined. Subjects were rejected if 
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a visual anomaly or. considerable refractive error was found. 
Using Appropnai ophthalmic lenses if required, subjects 
monocularly viewed letters that each initially subtended an 
anticipated es level of 4arc min at the eye. (A 7.1-mm 
letter viewed at 20ft subtends 4arc min and if correctly read, 
an acuity of 20/15 is indicated.) Letters were presented in a 
column or row and all eight letters were shown at each of five 
inter-letter separations (2, 4, 8, 16, and 32arcmin). For each 
subject, the zoom lens on the projector was adjusted so that 
letters were small enough to be near threshold, as estimated by 
approximately 75°, correct identification, Letters of all 
separations were then systematically presented in columns or 
in rows and subjects were asked to identify them from top to 
bottom or from left to right, respectively. Half of the subjects 
were tested using columns followed by rows and the other half 
were tested in the reverse order. No differences were found 
related to order of presentation. Ten letters were used at each 
inter-letter spacing, but only the inside eight were scored to 
avoid possible complications of edge effects at the ends of each 
row or column. 

Results for 11 subjects, given in Fig. la, show that for both 
columns and rows, the error rate increases with decreased 
separation between letters, as could be anticipated from 
previous work®. However, in addition, the mean error rate is 
clearly higher for columns than for tows of letters and the 
overall difference is highly significant (y* = 26.12, P = 0.0062). 

What can account for this difference in acuity between 
horizontal and vertical arrays of letters? An optical 
explanation of the effect can be ruled out immediately. The 
subjects used did not have high amounts of ocular 
astigmatism, and the moderate or small astigmatic errors 
found were of both vertical and horizontal types. In either 
case, these errors were fully corrected with lenses. 











Furthermore, when grating test targets are used to determine 


acuity, no differences are found- between vertical and 
horizontal orientations™'°. This applies also to laser-created 
interference-fringe gratings for which the effect of the eye's 
optics are essentially bypassed‘ °’. 

One must therefore propose an alternative explanation for 
the effect found here and an obvious possibility is that the 
development of visual acuity for arrays of letters is associated 
with learned patterns of reading. Specifically, because we learn 
to read rows of letters, finest acuity develops correspondingly 
for horizontal displays. Because we also learn to read from left 


to right, acuity may be superior for this direction compared 
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Fig. 1 Results are given for visual acuity tests using letters with 
adults (a) or children (d), Chinese characters with Chinese 
subjects (c), or Landolt rings (b), presented in vertical columns 
(open symbols, dashed lines) or horizontal rows (filled symbols, 
solid lines). Each point represents the mean number of errors for 
eight presentations at given inter-letter (or character or ring) 
separations. Vertical bars represent +1s.e.m. Abscissae are 
scaled logarithmically. 


with the reverse. To examine this possibility, a second group 
of subjects, most of whom were included in the first group, 
was tested with the same letter chart used before. Only, in this 
case, letters were identified from right to left in rows or from 
bottom to. top in columns. Results were very similar to those 
shown in Fig. la, with a significantly higher number of errors 
found for columns than for row arrays. The acuity effect is 
therefore selective for orientation but not for direction. If there 
is a direction-selective component, a more sensitive measure 
which might incorporate temporal factors is required for its 
study. 

The hypothesis linking visual acuity development and 
experience applies to letters that must be recognized. For 
simpler acuity targets that require detection only, learned 
reading habits do not apply and therefore, differences between 
rows and columns would not be expected. To determine this, 
acuity was measured using Landolt rings, which contain a gap 
at the top, bottom, left or right whose subtense is i arcmin at 
20ft. These were presented in rows or columns with inter-ring 
separations, just as in the previous case. The same group of 
subjects, whose letter acuities are shown in Fig. la, were tested 
using Landolt ring targets and the results are given in Fig. ib. 
Clearly, there is no difference between acuities for rings in 
rows as compared with columns. In both cases, the data show 
a very high mean error rate for closely spaced rings, suggesting 
that this type of detection task may be more difficult than 

tter identification when test arrays are dense. It thus seems 



























that acuity differences between rows and columns of p 
objects may apply specifically to letters; this is consistent v 
the idea that they are related to learned reading patterns. 

It would be possible to test this notion more directly 
measuring acuity of subjects whose language is read 
written primarily in vertical rather than horizontal arrays 
this case, acuity would be expected to be reduced for 
instead of columns of letters. However, there are apparently 
common languages that are arranged only in vertical. coh 
On the other hand, modern Chinese is read and writt 
both columns and rows so that no bias would be expects 
the basis of learned reading patterns. Ideally, it would be 
to test Chinese subjects who do not read or write Er 
This was not practical, but it was possible to measure; 
of bilingual Chinese subjects for whom English is a E 
language learned during teenage years. Following ti 
refractions, acuities were determined using eig 
Chinese characters, chosen for simplicity, E 
subtended 5 arc min initially. Inter-character separat 
2.5, 5, 10, 20 and 40arc min. In addition, acuities 3 were 
determined with this group using the English lette 
results for characters, presented in Fig. lc, clearly sho 
there are no acuity differences between rows and ¢ 
(confirmation is provided by the 7° statistic). Results witl 
same group using English letters showed a tendency fo 
increased number of errors for column arrays, but this trend is 
not significant (x° statistic). 

Although unlikely, it could be argued that there are inherent 
racial differences in visual resolving capacities between these 
Chinese subjects and the American group tested previously. 
The possibility is easy to rule out, however, by measuring 
acuity for English letters using Chinese~American subjects who 
have never learned to read or write chara sul 
this category were tested with the sam 
initial group of Americans. The results w tyke 
to those for the latter group and it mi is be congtuded 
that inherent racial factors are not involved in the findings 
described here. 

One additional group of subjects was tested. If an acuity 
bias for horizontally arranged letters develops as a result of 
learned reading patterns, subjects who know the i 
do not yet read should not demonstrate a differ 
rows and columns of letters. Five children, aged 45y, 
refracted and then shown the eight letters used on the chart to 
insure that they could identify them. Acuities were then 
determined, the results for which are shown in Fig. 1d. As 
might be expected, variability is greater than that for the other 
groups, but there are no consistent differences between rows 
and columns. i 

Taken together, the results of this study suggest that visual 
acuity performance for letters is related to reading pattern 
learned in childhood. The finding which is not compe 
with this idea is that the acuity difference between rows 
columns holds for -o to left identification as well, 































“its fesolution! te may ay more rhea : 
arrays. The advantage of horizontal letter disp! 
acuity, may be relevant to other work showin 
speed is slower*’* and word or pseudo-word ic cation 
poorer®~’ for vertical compared with horizontal arrangements 
of letters. Further study is required to determine the relative 
importance of factors such as spacing and numbers of letters 
in a given array. In addition, it would be interesting to know if 
eye movement patterns differ for reading in row as opposed to 
column arrangements. 


I thank Dr G. Kaprielian for help with this study, Dr C. 
Chan for constructing Chinese characters and Dr Doris Lin 


HOMER rt Mi a rar magi HN 








MAAP nardan La TAR EAA a AA wi A acicamansaenme ret 


* 


Nature Vol. 286 3 July 1980 


PEEL ERE AEE Pb IT tt SAECO CET SAA CCE COE ACCC TT A ELL air ea ea eee aaa a aT i a a 
ete Winer rietrTbsHne a Tune inch galt harrier a ren a ma eter tetera aeee ee mam a aana mst a aA A. 


for help with Chinese translations. This work was supported 
by Research Career Development Award EY00092 and grant 
EY01175 from the USPHS. | | 


Received 13 February; accepted 10 April 1980. 


_ Mishkin, M. & Forgays.D. G. J. exp, Psychol, 43, 43-48 (1952). 
Orbach, L Am. d. Psychol 65, 555-562 (952). 

_ Agthorn, O. Pfltigers Arch. ges. Physiol. 250, 12-18 (1948). 

. Tinker, M. A. A exp. Psychol 68, 444-449 (1955), 


tod Ee wer 


a tA 
a 
Say 

Sect 
part 
ay 
> 
z 
~ 
Sone 
m 
p” 
g 
© 
v 
x 
= 
pad 
ha 
be 
~ 
ba 
nM 
ny 
‘ead 
SS 


O. Freeman, 8. D. & Thibos, L. N. J. Physiol, Lond, 247, 687-710 (1975), 
_ Flom, M. Weymouth, F. & Kahneman, K. J. opt. Sec. Am. 33, 1026-1032 (1963). 
{2. Loomis, J. M. Vision Res, 18, 335-339 (1978). 


7 
8 
9. Appelle, S. Psychol. Buil. 78, 266-278 1972}. 
Q 
l 





Eye movement in strabismic cats 
Max Cynader* & Laurence Harris 


Department of Psychology, Dalhousie University, Halifax, Nova 
Scotia, Canada B3H 4H 





mesninami n a a aap AAO 





armam riaa a aa 


Strabismus is a common clinical condition in which the visual 
axes of the eyes do not intersect on the object being viewed’. As 
such, the ability to achieve single binocular vision by fusing the 
images of a single object in the two eyes is lost. In most cases 
of strabismus, one of the two eyes is clearly deviated and the 
other eye is used for fixation, although in some cases each eye 
is used alternately for fixation’’, While much attention has been 
devoted to the motor capabilities of the deviating eye in 
strabismus'™, little attention has been given to the visuomotor 
competence of the other eye. We report here that, if one eye of 
a kitten is made to deviate by surgery, the visuomotor capacities 
of the other, ‘normal’, eye are affected. A reduction in the 
ability to follow the movement of a large striped drum is 
observed with binocular viewing, even when stimuli are viewed 
monocularly with the normal eye. This means that anomalous 
visual input from the deviated eye during stimulation is not the 
cause of the reduced oculomotor capacities. 

Divergent strabismus was induced in three 10-day-old 
kittens by severing the medial rectus muscle of the right eye. 
The left eye was not touched. The kittens were then reared 
normally in a well-lit laboratory environment until they were 
8-12 months old. At this time the normal undeviated eye of 
the cat was prepared for eye movement recording by 
implanting a magnetic search coil according to the technique 
of Robinson*. In addition, head restraining tubes were 
attached to the skull by means of dental acrylic’. Surgery was 
performed under Alfathesin anaesthesia and the animals were 
allowed at least 2 weeks to recover before recording began. 
The eye movements of the three strabismic cats were 
compared with those of three normal cats studied with the 
same techniques. 

We primarily studied eye movements evoked in response to 
visual and vestibular stimuli in the horizontal plane. When a 
large striped drum is rotated about a cat, a characteristic 
pattern of eye movement called optokinetic nystagmus 
(OKN)® is evoked with a time course resembling a sawtooth. 
The slow phase of this response matches the velocity of the 
drum in normal cats and thus compensates for the motion of 
the drum and permits clear vision. Figure 1 compares the 


velocity of the slow corrective phase of optokinetic nystagmus 


(measured in the nondeviating eye) of strabismic cats with that 
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of normal cats as a large striped drum is rotated about the 
animal at various velocities. The results show that the normal 
cat is able to match the velocity of his eyes to that of the 
drum rather well over most of the velocity range tested. 

By contrast the velocity match of the apparently normal eye 
of the strabismic cat with that of the drum is much less 
accurate. For all drum velocities above 4° per s, the eye 
rotated more slowly than did the drum. This lessened response 
to visual stimulation is unlikely to be due to any generalized 
deficit in oculomotor capacity, due, for example, to mechanical 
impediments which might have resulted from implantation of 
the eye coil or from the early surgical procedures on the other 
eye. The eye movement responses to vestibular stimulation as 
assessed by rotating the cat sinusoidally in the dark were the 
same in normal and strabismic cats. In both normal and 
strabismic cats, the vestibulo-ocular reflex was able to 
compensate for the head and body movement induced by 
rotating the cat®:’. Thus, the deficit in oculomotor capabilities 
seems to be specifically related to the response to visual 
stimuli, 

The results illustrated in Fig. | were obtained with both 
eyes open and did not permit assessment of the contribution 
of vision with each eye to the reduced oculomotor response of 
the nondeviating eye. Accordingly we measured optokinetic 
responses of the ‘normal eye’ to visual stimuli presented 
through either eye. The interpretation of the monocular 
stimulation findings (Fig. 2) is rendered more difficult by the 
finding that monocularly-viewed stimuli moving medially (that 
is, rightward viewed through the left eye) were more effective 
at eliciting OKN than lateral-directed stimuli even in normal 
cats®. This difference in the effectiveness of medial and lateral- 
directed stimuli was also observed with monocular stimulation 
of the nondeviating eye in the strabismic cats. It is clear, 
however, that the efficiency of OKN was decreased markedly 
for both medial and lateral stimulus motion, relative to that of 
the normal animals. This defect in monocularly-evoked OKN 
rules out anomalous visual input through the deviating eye 
during the stimulation period as a possible cause of the 
reduced OKN_ observed with binocular stimulation. 
Visuomotor performance mediated by stimuli presented 
through the deviating eye was also severely impaired. Figure 
2b shows optokinetic responses of the nondeviating eye to 
visual stimuli viewed monocularly through the deviating eye. 
These data show that reduced OKN followed stimulation of 
the deviating eye when stripes moved in either direction. The 
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Fig. 1 The gain of optokinetic nystagmus as a function of drum 


speed for the normal and strabismic cats. The gain of the 
response is the velocity of the slow phase® of the optokinetic 
response divided by the velocity of the drum, A gain of I 
indicates perfect following of the drum by the eyes. The gain of 
the normal cats is close to 1 over most of the velocity range 
tested while that of the strabismic cats is markedly lower. The 
drum consisted of a large cardboard cylinder 90cm in diameter 
on which high contrast black and white vertical stripes (period 
20°) were painted. Background luminance was fi.tedm7?. 
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Fig. 2 a, The gain of the slow phase of optokinetic response in 
normal and strabismic cats when stimuli are viewed with the 
nondeviated eye only. The gain of the reflex is lower for laterally- 
directed high velocity drum movement than medially-directed 
movement in both the normal and strabismic cats. The gain in 
both directions is considerably lower for the strabismic cats than 
it is for normal cats even though the strabismic animals viewed 
the stimulus through the nondeviated eye. In normal cats, the 
gain of the reflex is the same regardless of whether the monitored 
eye or the other eye alone views the stimulus, as would be 
expected from Herings Law'®. b, Responses to drum motion 
when the strabismic animals view through the deviating eye 
alone are compared with those of normal cats viewing 
monocularly. The deficits observed in the visuomotor capacities 
of the strabismic cats are similar regardless of which eye views 
the moving stimulus. The standard deviations (s.d.) have been 
omitted from the curves representing responses of the normal 
cats for clarity. A typical value for the s.ds in this case is 0.15. 
Drum parameters are as in Fig. 1. 


deficits of OKN were similar with stimulation of either the 
deviating eye or the nondeviating eye. 

The present results show that the visually-evoked eye 
movements mediated through an apparently normal eye can 
be altered by surgical exodeviation of the other eye. The eye 
movement deficit seems to be specific to visual stimulation as 
vestibular stimulation evoked normal oculomotor responses. 
The mechanism underlying this reduced visuomotor 
competence remain unknown but several anomalies identified 
in various parts if the visual system in strabismic cats®™ +? help 
towards its understanding. We have recently recorded visual 
responses in the nucleus of the optic tract (NOT) of strabismic 
and normal cats'’. Our findings in this structure, which has an 
essential role in optokinetic nystagmus!*:13, indicate marked 
changes in binocular connectivity among NOT neurones 
following surgically-induced strabismus. These neural changes 
may provide a basis for the visuomotor deficits found in the 
strabismic cats. It would be interesting to see if similar defects 
exist in the normal eye of human strabismics, particularly in 
view of the recent findings suggesting defects on OKN in the 
normal eye of amblyopic humans t". 

. This research was supported by USPHS grant no. EY02248 
-and grants nos MT-5201 and A9939 from the MRC and NRC 
of Canada. 
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progress fae in ref. 1). This is in 1 part } ecan 
immense complexity of the connective net. The problem is 
simpler in the case of insect secondary neurone 
derived from the epidermis and send their axons centripetally 
towards the central nervous system’ '. The arrangement of sense 
organs on the body surface is very reproducible in many cases, 
so that given neurones can be recognized unambiguously in 
different individuals. In Drosophila, the genetic analysis of 
development has so far concentrated on the epidermis, The 
genetic control of segmentation is relatively well understood” 
and it has been found that segments are progressively subdivided 
in smaller developmental units called compartments*. This led to 
the speculation that sensory neurones belonging to different 
compartments might have different properties’, Here we show 
that the stimulation of mechanoreceptor bristles at- fa 
positions on the notum and legs of Drosophila specifically 
different behavioural responses. This specificity depends on | d 
segmental and in some cases on the compartmental identity o 
the bristle, but not on the site of entry of the axon into the 
central nervous system. 

Decapitated flies remain alive and standing for up to 20h, 
They remain motionless if left undisturbed, although they are 
able to stand up if overturned, or to walk a few steps if 
pushed. The tickling of single bristles induces several reactions: 
wing scissoring, withdrawal of the stimulated body part, and 
vigorous cleaning by a leg. The latter reaction was 
analysed in more detail, for it provides a specific and easily 
scored response. The response evoked by the different 
macrochaetes on the humerus and notum is quantified m Fig. 
1. The microchaetes on the notum were also examined, but 
their small size and high density makes it impossible to 
stimulate them individually. It appears from Fig. 1 that the 
notum is divided in two regions, one where all the bristies 
evoke a response of the first (and to some extent of the 
second) leg, and the other which stimulates the third leg. H 
should be noted that no bristle evoked specifically a response 
of the second leg, but that such a response was observed in 
many cases as an alternative to the response of the first leg, 
mostly after the latter had already responded repeated! y to 
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continuing stimulation of a given bristle. In order to 
characterize the specificity of the response further, we have 
analysed two mutations which result in the development of a 
supernumerary notum at an ectopic location. The mutation 
wingless transforms the wing to a notum in mirror image 
symmetry to the normal notum’. In this case the axons from 
the ectopic bristles join those from the normal bristles and 
enter the thoracic ganglion at the normal place®. We have 
confirmed that the ectopic bristles induce the same response as 
their normal homologues®. The double mutation bithorax? 
postbithorax transforms the bare, vestigial metanotum into a 
mesonotum bearing the whole complement of notal bristles’. 
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Fig. 1 Frequency and specificity of response to stimulation of 
the bristles on the notum and tegula. Flies of wild type Canton S 
strain were exposed to ether, decapitated and left to recover for 
1-2h in a moist environment, Stimulation was achieved by gently 
touching individual bristles with a hair. A micromanipulator was 
used in some cases. The numbers give the proportion of flies (out 
of 48) where a given bristle evoked a cleaning movement by a 
leg. The numbers in parentheses indicate which leg responded (1: 
prothoracic leg, 3: metathoracic leg). Bristles represented by large 
dots were selected for the analysis.of the homoeotic situation in 
Fig, 2. The tegula is drawn at the side of the notum (arrow). The 
dotted area represents the region where groups of microchaetes 
were stimulated. The dashed stripe separates the zones which 
evoke responses of the first and third legs respectively. 


Here the axons from the ectopic bristles enter the thoracic 
ganglion much posterior to the normal place’®. The 
stimulation of these ectopic bristles gives a pattern of 
responses which is identical to the pattern of the normal 
mesonotum both in the specificity and in the frequency of the 
responses (Fig. 2). 

The bristles on the legs were also characterized (Table 1). As 
for the microchaetes on the notum, most of the leg bristles are 
too small and dense to be stimulated individually. However it 
appeared that groups of microchaetes on the anterior and 
posterior regions of the first and third legs give different 
responses, and therefore the bristles of the two regions have 
been listed separately in Table 1. We have attempted to define 
more precisely the limit between the leg bristles which give an 
‘anterior’ response and those which evoke a ‘posterior’ 
response in the case of the femur and tibia of the first and 
third legs. The results are shown in Fig. 3; the figure also 
shows the boundaries separating the anterior and posterior 
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Fig. 2 Frequency and specificity of the responses in the mutant 

bx*pbx/Ubx'®*. The normal mesonotum is above, the 

transformed metanotum is below. The bristles marked by large 

dots on Fig. 1 have been selected because they give a high 

frequency of response. The numbers are as in Fig. 1, except that 
12 flies were analysed. 


developmental compartments of these legst. The coincidence 
between the sensory and the compartmental boundaries 1s 
obvious. 

There is a second situation where an apparently 
homogeneous population of bristles is divided by a 
compartmental boundary. The limit between the thorax and 
wing compartments runs through the tegula, a sclerite at the 
base of the wing. It is remarkable that within this small area, 
two of the bristles evoke an intense response of the first leg 
while two others induce a movement of the third leg (Fig. 1, 
arrow). However, in this case the identity between sensory and 
compartment boundaries cannot be assessed, since the exact 
position of the compartment boundary has been reported as 
variable within the tegula!?. 





Table 1 Frequency and specificity of responses to stimulation of leg 
bristles in wild-type Drosophila 
wid 2nd contra 

AFe 1 83 33 
PFe 1 13 92 

ATi I 63 AG 
PTi í 71 21 4 
AFe 2 100 

PFe 2 100 

ATi 2 190 

PTi 2 100 

AFe 3 33 88 4 
PFe 3 71 15 
ATi 3 79 21 

PTi 3 63 l 25 





The left column indicates the stimulated area. AFe and PFe: 
anterior and posterior femur; ATi and PTi: anterior and posterior 
tibia: 1, 2 and 3: first, second and third legs. The next three columns 
represent the three responses which have been scored. wid: withdrawal 
of the stimulated leg; 2nd: cleaning of the stimulated leg by the second 
(mesothoracic) leg; contra: cleaning of the stimulated leg by the 
contralateral leg. The numbers represent the per cent of fhes (out of 
48) where a given stimulation evoked a given response. The numbers 
add up to more than 100 because the stimulation of a given set of 
bristles may evoke different responses. 
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Our results on wild-type flies indicate that the connections 
established by a sensory neurone depend on its position in two 
different ways. In the case of the legs, the specificity of the 
response clearly depends on the segmental identity of the 
neurones. Furthermore, within each leg, groups of bristles with 
different specificities can be detected. In those cases where a 
detailed analysis could be done, the limit between groups of 
bristles which evoke different responses appeared to coincide 
with the position of the anterior—posterior compartment 
boundary. The same is probably true in the case of the tegula, 
although the position of the compartment boundary is not as 
precisely defined as it is in the legs. These results show that 
the choice of a given pattern of connections depends on the 
segmental and compartmental identity of the neurone. Recent 
experiments have shown that the establishment of a given 
projection in the central nervous system also depends on the 
developmental history of the sensory neurone in the locust!?, 
and on the segmental and compartmental identity of these 
neurones in Drosophila'*. 

In the case of the notum, the different specificities of the 
anterolateral and dorsoposterior bristles must depend on 
something other than the compartmental identity since all 
these bristles belong to the same compartment. In this case, 
the decision to establish a given type of connection appear s to 
depend on the position of the bristle along the anteroposterior 
(and possibly mediolateral) axis of the body. A similar 
dependence of the evoked behavioural response on the 
position of the sense organ along a body axis has been 
reported in the pupa of Sphinx ligustri'>. Our results indicate 
that the neurones retain their specific pattern of connections 
even when they enter the central nervous system at an 
abnormal place. This may be related to the fact that ectopic or 
misrouted neurones which enter the central nervous system at 
an abnormal place can nevertheless establish a normal 
projection’®, 
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Fig. 3 Response of single bristles or rows of bristles on the 
prothoracic (left) and metathoracic (right) legs. All the leg bristles 
are represented by dots. Bristles which induce a withdrawal of 
the leg or a cleaning response of the contralateral leg are marked 
with asterisks, bristles which induce a cleaning movement of the 
mesothoracic leg are marked with solid squares. The broken line 
shows the position of the anterior—posterior compartment 
boundary. The chaetotaxy of the legs and position of the 
boundary are from ref. 11. 
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Testosterone is aromatized to oestradiol in the brain, and it has 
been suggested that its effects on the brain are produced by this 
metabolite’. Oestradiol does indeed restore sexual behaviour in 
castrated rats™', but it is much more effective if combined with 
a second metabolite, dihydrotestosterone**. This may be 
because the two hormones have a synergistic effect on the brain: 
or because the central effect of oestradiol synergises with the 
peripheral effects of dihydrotestosterone (which include 
stimulation of penile development). Evidence that the 
corticomedial amygdala (CMA) and the preoptic area of the 
rat brain are both involved in the control of sexual behaviour led 
us to examine the neurones of the stria terminalis that connect 
the two”’. These neurones are hormone-sensitive: their absolute 
refractory period is lengthened by castration and reduced again 
by testosterone. So we have investigated the aromatization 
hypothesis further by examining the effect of oestradiol and 
dihydrotestosterone on these testosterone-sensitive neurones. 
Oestradiol has exactly the same effect as testosterone; 
dihydrotestosterone has no effect, whether it is given alone or in 
combination with oestradiol. 

Thirty-two virgin, adult male Wistar rats (400-650g) were 
divided at random into four groups of eight and castrated 
under ether anaesthesia. Eight weeks or more after castration, 
rats in each group were assigned to treatment with (1) Sg 
oestradiol benzoate (OB), or (2) 1 mg 5a-dihydrotestosterone 
propionate (DHTP), or (3) Img DHTP+Sug OB, or (4) oil 
vehicle alone. These doses were chosen because they restore 
full sexual behaviour in the castrated male rat when OB and 
DHTP are given in combination*:*, but not when each is 
administered alone*~*. Treatments were administered as two 
daily 0.1-ml subcutaneous injections, for 18-22d. The 
hormones were provided for us in unlabelled, coded bottles, 
and we did not know which animal received which treatment 
until the experiment was finished and the code was broken. 

For electrophysiological recording the animals were 
anaesthetized with urethane (1.3g per kg, intraperitoneally) 
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Fig. 1 Absolute refractory period of CMA neurones projecting 
to the MPH in castrated rats treated with oil (69 neurones from 
eight rats); DHTP (74 neurones from eight rats); OB (80 
neurones from eight rats), or DHTP + OB (87 neurones from eight 
rats). Figure gives the overall mean and individual means (dots). 


and mounted in a conventional stereotaxic frame (Kopf 
Instruments). Coordinates for electrode placement were the 
same as given in refs 6 and 7. A monopolar stainless steel 
electrode, insulated to within 0.5mm of the tip, was used to 
stimulate the medial preoptic-anterior hypothalamic area 
(MPH) with cathodic monophasic pulses (current 50-500 pA; 
duration 0.5ms). Glass micropipettes filled with 0.5 M sodium 
acetate plus 2% pontamine blue were used to make single-unit 
extracellular recordings from CMA neurones. No recording 
electrode was used in more than one animal. At the end of 
each experiment a small current was passed through the 
stimulating and recording electrodes to facilitate histological 
localization. The rats were perfused in situ with a 10",, formol 
saline to which a small amount of potassium ferrocyanide had 
been added. Brains were mounted in paraffin wax, sectioned at 
15m and stained in cresyl violet and luxol fast blue. 

Absolute refractory periods were determined in a total of 
310 CMA neurones stimulated antidromically from the MPH. 
The criteria for antidromic invasion and the method for 
estimating the absolute refractory period of CMA neurones 
were the same as in refs 6 and 7. The results were analysed as 
follows. The refractory periods for all neurones isolated in a 
given rat were reduced to a single mean. These means (eight 
for each of the four groups) were then analysed by analysis of 
variance, followed by the Scheffé test”. 

Results are shown in Fig. 1. Overall analysis of variance 
showed that the groups were significantly different (F = 56.80, 
with d.f. 3.28: P<0.001). The Scheffe test showed that 
oestradiol significantly reduced the refractory period (oil 
compared with OB, P<0.001). Dihydrotestosterone (unlike 
testosterone’) had no effect when given alone (oil compared 
with DHTP was not significant) and no additional effect when 
given in combination with oestradiol (OB compared with 
DHTP + OB, not significant.) 

The mean absolute refractory period for neurones in the 
group of gonadally intact rats in our earlier experiment was 
1.01 ms, with 95% confidence limits of 0.89 and 1.13 ms; the 
mean for the group of castrated rats was 1.61ms with 95% 
confidence limits of 1.37 and 1.85ms. The mean absolute 
refractory periods for the OB and the DHTP+OB groups in 
this experiment (0.90 and 0.98 ms) are therefore within the 
95° confidence limits of our earlier intact group and those for 
the group treated with DHTP (1.40ms) are within the 95", 
confidence limits of our earlier castrated group. These 
comparisons demonstrate that the refractory periods for 
CMA-MPH neurones in animals that are castrated but 
treated with oestradiol are not significantly different from 
those in gonadally intact animals. 
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Thus, our results show that oestradiol has the same effect on 
a population of testosterone-sensitive forebrain neurones as 
testosterone itself, as would be predicted from much indirect 
evidence. Dihydrotestosterone, on the other hand, has no effect 
on these neurones, and does not enhance the effect that 
oestradiol has on them. 

Although we have not excluded the possibility that higher 
doses of dihydrotestosterone might have such an action, these 
results suggest that in behavioural experiments with the two 
hormones in doses comparable to our own, the increased 
sexual behaviour that is induced by dihydrotestosterone is not 
attributable to an action of the hormone on forebrain 
neurones comparable with that of testosterone and oestradiol. 
There is independent evidence that dihydrotestosterone has a 
different site of action, for the stimulating effect of testosterone 
on spinal sexual reflexes is mimicked by dihydrotestosterone, 
but not by oestradiol’. 

This investigation was supported by SRC grant 76300492 
and MRC grant G979/439/N. We thank D. Harper for help 
with histology. 
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Activity-dependent extracellular K` 
fluctuations in canine Purkinje fibres 
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Cardiac Purkinje fibres are important in cardiac 
electrophysiology and pathology due to their specialized role in 
the ventricular conducting system, and their properties as a 
second cardiac pacemaker’. Changes in extracellular K“ 
activity (K,) affect the conduction velocity’ and the natural 
automatic rate of the Purkinje fibre’. Both anatomical’ and 
electrophysiological®* studies of the Purkinje fibres have 
demonstrated the possibility of K, fluctuations in the narrow 
intercellular clefts. We investigated, using K* selective 
electrodes, the effect of the K, fluctuations observed during 
activity in canine Purkinje fibres. Summation of K, fluctuations 
during single action potentials leads to elevation of baseline K, 
during rapid trains. However, unlike in ventricular muscle where 
depolarization is seen™", membrane potential in non-automatic 
Purkinje fibres hyperpolarizes in response to rapid beating. 
Prolonged depletions of extracellular K* following long periods 
of overdrive are associated with slowly changing membrane 
currents, which markedly influence automaticity, action 
potential duration, and membrane potential. 

Free running canine Purkinje fibres were removed from left 
and right ventricles and perfused in well oxygenated Tyrode 
solutions containing the following, 4mM KCI, 2mM CaCl), 
130mM NaCl, 1mM MgCl,, 0.4mM NaH,PO,, 12mM 
NaHCO,, and 6mM glucose. pH was maintained at between 
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'2 and 7.4; the temperature was kept stable at the levels 
ndicated. 

Double barrel K* sensitive electrodes (Corning liquid ion 
xchanger 477317) were constructed from theta glass double 
hannel tubing and calibrated for selectivity and response time 
sing methods previously described’. To measure K* activity 
2vels, the output of the Tyrode-filled reference barrel (V) was 
ubtracted from the output of the Kt selective barrel (V+ Vo). 
‘he differential channel output (¥,) represents the K~ activity 
svels, which for small changes vary approximately linearly 
ith K* activity.’ 

Due to the somewhat slower response time of the K* 
zlective barrel (20 ms), capacitive compensation was used to 
peed this barrel while a variable ‘roll off filter (Bloom) was 

nsed to slow the reference barrel output before differential 
mplification. Common mode rejection of the two barrels was 
djusted to within 0.1 % by a variable gain circuit. 

K* electrode experiments were performed on the largest of 
ae canine Purkinje fibres to facilitate manipulation of the 
lectrode and minimize the effect of tissue dimpling. Voltage 
lamp experiments were performed using the two- 
- uicroelectrode voltage clamp method® on the short fibres of 

arrow radius (length, 1.5mm; radius 0.15mm). These fibres 
ere dissected into short sections while being continually 
erfused with a high calcium (4mM) Tyrode solution. In these 

-mall fibres, clamp steps could be applied with acceptable 


ayels of current: magnitude and a good spatial homogeneity”. 
“hese fibres have K* currents similar to those described in 






: angulate!®, 


Vv, (V0.5 mMK 


| 
Fig.2 K, fluctuations (V, ) during and after 
1, 2 and 5min periods of overdrive at 1 beat 
< per 300ms. K, undershoot of the baseline 
implies extracellular K* depletion. Solid 
arrow ‘up’ indicates start of stimulus drive; 
arrow ‘down’ indicates stimulus drive off 

(37°C), 


v, | 0.5mM K 


«1 (a), Top trace. (V,) is the differential output of the two K* electrode barrels and represents the Ky Haana during two single 
T The initial spike on this trace is an artefact due to the inability to reject stimulus voltage. Bottom trace: (Vy) is simultaneous oups of à — 
othe K* electrode reference barrel (37°C). (b), Top trace. (Va) is membrane potential measured with a conventional intracelh oo 8 
microelectrode. Bottom trace: (V¥,) is differential output of K* electrode and represents Ky. No beat to beat accumulations are seen with this 
electrode tip position. Ky accumulates soniy during 10s of stimulation at 1 beat per 600 ms (37°C). 


























To measure K, fluctuations, K* electrodes w 
inserted through the sheath of the fibre b cand 
observation through a dissecting micro 
tissue distortion, electrodes were made with 
in total outer diameter). In fact, freqy 
inadvertently punctured while the Kt. 
advanced, such that normal action Po 


output. On withdrawal (Ck further gee of t 
tip, there was an abrupt fall in measured. Kt} A : 
same time, potential on the reference barrel returned ‘o within E 
several millivolts. of peu Ionen Qne. čr 














was that measured K* activity ak use quiescent 
equilibrium states were near bath levels, and were responsive 
to changes in bath K* levels®. _ 

Figure la shows Kọ accumulation measured during « a. angle 
action potential.. This beat to beat fluctuatic 4 ars i 
when the electrode is near a cal membrane. ” 
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Fig. 3) (a), Return of V, and action potential duration (APD) to control values following overdrive, plotted with simultaneously measured 

= K* depletion. The ‘0’ value on the Kg axis corresponds to baseline levels of Ky(22 °C). (b), Comparison of return of automaticity with Ko 

postdrive. Each point in the top panel represents a single action potential. Vertical axis is duration of previous diastolic interval (PDI) for 
each beat. (37 °C; difference.in time course of undershoot in a and b is due to temperature difference.) 


component reflects the diffusion relaxation time for the entire 
cylindrical preparation’. 

If the electrode tip is in a more superficial position in the 
fibre bundle, beat to beat accumulations are not seen. This is 
probably due to the longer diffusion pathway between the 
clefts and the electrode tip, and the resulting time average of 
observed K, levels’. As shown in Fig. 1b, Ky accumulates 
progressively during 1min of beating. We also measured 
intracellular potential (Vm) with a nearby conventional 
microelectrode, and found that the membrane hyperpolarizes 
during the K, accumulation. l 

With overdrive of more than I min, Ky levels plateau and 
later slowly subside back to baseline. The most likely reasons 
for the decline in Ky are stimulation of the Na*-K* pump 
due to intracellular Na* accumulation'':'? and decreased K* 
efflux per beat, due in part to action potential shortening 
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(unpublished observation). When beating is terminated, Ko 
levels fall rapidly and undershoot the baseline for a prolonged 
period. This prolonged postdrive undershoot is evidence of 
persistent Na*-K* pump activity’. Figure 2 shows such Ko 
accumulation and depletion associated with rapid stimulus 
trains of varying length (1, 2 and 5min). The magnitude and 
duration of the K, undershoot increases with longer periods of 
overdrive''. Cooling the preparation to 22°C also prolonged 
the undershoot. 

With an intracellular microelectrode in a nearby cell, we 
monitored membrane potential (V,,) simultaneously with Ky 
values. On cessation of stimulation following a period of 
overdrive, membrane potential is hyperpolarized and 
automaticity is suppressed. This phenomenon of overdrive 
suppression was originally described by Vassalle'*. In 
addition, action potential duration is shortened following 





Fig. 4 Clamp current following 
overdrive {inset} is shown for 
4min voltage clamp to —8imV 
(V, voltage trace; I, current trace). 
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= electrogenic pump current due to Kọ 
=. depletion acting on other currents; (2) contamination of an 
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drive. Figure 3a plots the postdrive return of action potential 
duration and membrane potential following a period of 
overdrive. Figure 3b plots the postdrive return of automatic 
versus K, for a spontaneously rhythmic fibre. The 
effect. of overdrive on the membrane electrophysiological 
parameters gradually subsided during a period of minutes, and 


k closely coincided with the duration of the Ko undershoot. 

As the. post overdrive variations in these three parameters 
‘can be explained by a decaying outward curren 
attempted to 
clamp'*!®. Fo 
measured currents t 


ao 


ti3-14 we 


to. measure that current using the voltage 
g a similar,period of rapid drive, we 
sing sustained voltage clamp pulses at 
ous holding potentials. Figure 4 (inset) shows the current 
rded during a 4-min clamp pulse to — 81 mV, following a 
eriod of overdrive. A decaying outward current is readily 
‘seen. The time constant of the current is 80s, 1-2 orders of 
“magnitude larger than the time constant of the pacemaker 
current (J,,) measured at this holding potential'®:'’. This slow 
current is dependent on there being a preceding period of 
overdrive, and is enhanced as the drive duration is lengthened. 

However, the current does not seem to be independent of 
potential, As the postdrive clamp potential becomes more 
positive, the magnitude of the current decreases. Between — 50 
and —40mV, the current becomes biphasic, and eventually at 
“more positive potentials reverses polarity. The time constant of 
3 «the: ‘decay. of the slow current also seems to vary with 
‘potential. This may arise from :(1) contamination of an 
accumulation or 






electrogenic pump current by another time- and voltage- 
dependent current (/,); (3) a direct effect on pump current of 
changing levels of K, in the clefts: (4) a dramatic dependence 
of passive ionic fluxes on post drive clamp potential, causing, 
for example, an increase in sodium loading at depolarized 
potentials; or, (5) a complicated dependence of pump current 
on membrane potential. Further experiments are needed to 
determine why slow current aeeay varies in this way with 
potential. 
o ia summary, there is direct Adae for beat to beat 
changes in extracellular K* activity in canine Purkinje fibres. 
These fluctuations may provide some of the time dependence 
of the K* currents in both the plateau and diastolic potential 
ranges, by altering both the K* equilibrium potential and K* 
conductance +8. It is also possible that transient changes m Ko 
during extra-systoles and short periods of triggered 
automaticity may influence the following beats. Therefore, 
these activity-dependent fluctuations in K, and the associated 
‘membrane currents may be important factors affecting both 
the- generation _ ‘and = maintenance of some ventricular 
arrhythmias. 
_  These- ‘studies were supported by HL 20558, the Hearst 
~ Foundation, the Suffolk Heart Association, HL 25135, and an 
~RCDA to LC. 
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Single acetylcholine-activated channels 
show burst-kinetics in presence of 
desensitizing concentrations of agonist _ 
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muscle have dava that these currents are Beret 
events with durations of a few milliseconds"? 
relaxation measurements of end-plate currents he 
conclusion that the rate of channel opening i 

agonist concentration, and that t ar: 
spontaneously” ° . Katz and Theslef i ve 
the continued presence of ACh, the initial ‘end dat 
declines to an equilibrium value with a time constant of 
seconds’. This reversible phenomenon is referred to as rece 
desensitization. We report here that in the presence of i 
concentrations sufficient to cause desensitization, single cha 
current pulses appear in groups. From the temporal sequel 
the pulses, we | derived estimates of the rates of ac 
and desensitizat the AChR-channel. . 

Experiments — “performed on the | 
membrane of denervated fibres of frog (Rana pipiens) 
cutaneous pectoris muscle, using the extra-cellular patch clamp 28 
method for the application of agonist and to record membrane. 
current®. AChR-channels in the extra-synaptic membrane. es 
heterogeneous in their mean ‘open times’ (E.N. and B.S, i 
preparation). The predominant extra-synaptic AChR-channe! 
has been described as having open times four to five times 
longer than the synaptic-type channel. Ho n about 102, of 
the channels we observed had properties comparable i 
subsynaptic AChR-channels. This report i es onh 
measurements from channels of this latter type to ‘facilitate 
comparison with previous measurements of end-plate currents. 

Figure la shows the current recorded from a patch of 
membrane in the presence of SuM ACh starting less than is 
after the agonist-containing pipette had been sealed on to the 
muscle fibre. The current switched randomly between the 
resting level and four equally spaced amplitudes, indicating 
that at least four channels were active. The progressive 
decrease in the number of amplitudes reached in the continued 
presence of ACh indicated a decrease in the number of open 
channels. This decrease characterizes the time course of 
receptor desensitization and results in complete inactivation of 
the current because of the low density of AChR-channels in 
the extrasynaptic membrane. However, after this initial 
desensitization, ‘bursts’ of single channel currents are observed 
at irregular intervals. Figure 1b shows a sequence of four such 
bursts recorded in the presence of 104M ACh about 30s after 
the pipette had been sealed against the membrane. Initially the 
membrane is at the resting level. At time A, the current begins 
to fluctuate rapidly between the resting and another discrete 
level which in its amplitude corresponds to that flowing 
through a single open channel. At time B, about 800 ms later, 
the membrane current returns to the resting level. These rapid 
fluctuations define a current burst which is followed by an 
interburst interval during which the membrane is at the resting 
level. The sequence of bursts and interburst intervals becomes 
apparent in the presence of ACh concentrations > 24M. 

We interpret this pattern of current to reflect fluctuations of 
single AChR-channels between three states: closed, open and a 
desensitized, non-conducting state. At the beginning of the 
record shown in Fig. 1b, according to this model, all AChR- 
channels or. ue membrane patch under | investigation are in a 
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desensitized state. At time A, a single receptor-channel 
complex converts from the desensitized to the open/closed 
state. It then fluctuates rapidly between the open and the 
closed state and converts again to the desensitized state at B. 
However, the pattern of current shown in Fig. 1b is also 
reminiscent of the behaviour of single AChR-channels in the 
presence of channel-blocking substaaces”. Because some 
agonists themselves can block channels, the observed 
fluctuations of current during a burst could also reflect 
blocking of open channels by ACh molecules’. The two 
alternative mechanisms can be distinguished by their 
predictions for the agonist concentration dependence of the 
kinetics of fluctuations of current within a burst. 

In the first interpretation, the rapid fluctuations are due to 
the changes of state: closed = open. In this two-state scheme f” 
and « are the rate constants of channel opening and closing 
respectively: aœ should be independent of the ACh 
concentration and can be measured as the reciprocal decay 
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is an apparent rate constant, whose value is assumed to 
depend on agonist-binding steps preceding channel openings. 


a 
0 
Ist 


2nd 





Fig. 1 Onset of desensitization and burst kinetics on small] 
patches of extra-junctional membrane of chronically denervated 
frog muscle in the maintained presence of constant ACh 
concentrations. a, Record from a membrane patch starting when 
the agonist-containing patch pipette was sealed against the 
membrane. Four discrete levels of current can be resolved, as 
indicated roughly by the scale on the left. Individual step sizes 
are =3pA, as expected for open ACh-activated channels at 
130mV membrane potential. The occurrence of currents 
reaching the fourth level indicates that at least four channels are 
active simultaneously. The maximum current amplitude reached 
decreases during this record until the membrane patch is at the 
resting level. ACh concentration was 54M; membrane potential, 

—130mV; temperature, 11°C. Inward current was downwards.. 
The background noise, seen clearly on the resting level, caused 
some spread of the current amplitudes at each level. All records 
have been filtered at SO00Hz low pass. b, Bursts of current 
fluctuations follow the period of initial current inactivation. This 
record was started 34s after the placement of the patch pipette 
and following a current pattern comparable to that shown in (a). 
The arrows marked A and B indicate the onset and cessation of 
fluctuations between the resting and the first current level and 
delineate that which is defined as a single channel current burst. 
Brackets indicate the measurement of 4, and t, burst duration 
and the inter-burst interval, respectively. Although occasionally 
bursts occur simultaneously, giving rise to currents reaching the 
second level (not illustrated), most bursts late in the record only 
reach the first level of current. This indicates that only a single 
channel is active. Conditions are the same as in (a), except that 
the pipette contained 104M ACh. The calibration scales apply to 

both traces. 
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Fig. 2 Analysis of the rapid fluctuation of current during a 
burst. a, A single recorded burst in the presence of lOM ACh 
shown at higher time resolution than those in Fig. 16. Brackets 
indicate the measurement of individual channel open times, fy, 
and closed times, q. The membrane potential was — 130mV:; 
temperature, 12°C. b and c, Histograms of distributions of open 
and closed times measured during several sequential bursts at 
10nM ACh, —130mV membrane potential and 12°C. Records 
of currents were stored on an FM tape recorder, subsequently 
sampled and stored digitally on a PDP 11/34 computer. The 
sampling interval was 0.5ms. Individual open and closed times 
were measured semi-automatically and stored to construct 
frequency-of-occurrence histograms. The histograms were fitted 
with single exponential curves, as indicated by the dotted line, 
using a least-squares fitting routine weighted for the statistical 
nature of the underlying events. The arrows indicate the best fit 
decay constants ty and te for the distribution of open and closed 
times, respectively. tọ was 10.6ms and toç was lms at 
10uM ACh. 


In contrast, a channel-blocking mechanism would predict the 
opposite. The mean open time would shorten as the agonist 
concentration was raised, and the mean closed time would be 
independent. 

We have, therefore, analysed quantitatively the distribution 
of open and closed times within bursts at various 
concentrations of ACh. Figure 2a shows a burst, illustrating 
the time course of the channel’s conductance fluctuations. The 
distributions of open and closed times can be fitted by single 
exponentials (Fig. 2b, c) as expected for first-order kinetic 
processes. Figure 3a shows single bursts recorded in the 
presence® of various concentrations of ACh and Fig. 3b 
summarizes our measurements as a plot of the values of Tt ' 
and t! in double log scales as a function of ACh 
concentration. The mean open times are not measurably 
concentration dependent. Measurements at ~—90mV_ and 
—130mV show that mean open times increase with increasing 
membrane hyperpolarization. The e-fold increase per 65-mV 
change is close to the value reported for single channel 
measurements at low ACh concentration’. The rate constants 
of channel closing derived from these values are of the order of 
100-250s7', comparable to the values inferred from end-plate 
current fluctuation analysis*. Channel closed times decrease 
with agonist concentration. In the range of 5- SOuM ACh, the 
relation between t¢' and ACh concentration is roughly 
described by a power law with an exponent of about 1.4. This 
suggests an increase of the apparent rate constant of channel 
opening from ~25s~' to ~500s~‘ in this concentration 
range. It is consistent with a reaction scheme that involves 
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the binding of two ACh molecules preceding the opening of a 
single channel**. The intersections between the lines in Fig. 
3b define the concentration of ACh for which the mean open 
time equals the mean closed time. These concentrations, 22 pM 
at —90mV and 174M at ~130mV, are estimates of the 
apparent dissociation constants for channel activation by ACh 


«@. in our conditions. These results support the hypothesis that 


the rapid current fluctuations during a burst reflect transitions 
of a single channel between the open and closed states. They 
rule out a channel-blocking mechanism. 

The repeated appearance and disappearance of bursts of 
current, as illustrated in Fig. 1b, reflects fluctuations of AChR- 
channels between the open/closed and a desensitized state 
occurring on a much slower time scale than the open-closed 


transitions of the channel. At even lower time resolution, 


= however, bursts seem to be an element of a pattern of current 
to which we refer as ‘clusters’ of several bursts (Fig. 4). 
Clusters are evident because the interburst intervals are much 
shorter than the mean intervals between the clusters. 

Bursts and interburst intervals within a cluster vary 
stochastically in duration, and bursts become shorter at higher 
ACh concentrations. The separation of bursts is not always 
seen as clearly as in Fig. 1b, and in some cases it is difficult to 
define the beginning and end of individual bursts. However, at 
204M ACh, bursts are clearly resolved (Fig. 4). The mean 
values of burst durations and interburst intervals at this 
concentration are 420+12ms and 180+10ms (+5.e.), 
respectively. 
seconds and are separated by irregular intervals of several tens 
of seconds. For example, the cluster of eight bursts illustrated 
in Fig. 4 was recorded 18s after the pipette had touched the 
muscle membrane: the next cluster occurred 23s later. The 
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Fig. 3 Agonist concentration dependence of open and closed 
times during current bursts. a, Examples of bursts recorded in the 
presence of three different ACh concentrations as indicated on 
the left side of each record. All three records were taken at 
--130mV membrane potential, 11°C. As the ACh concentration 
increases, the duration of intervals between pulses of current 
decreases. At ACh concentrations <20pM ACh, the channels 
are, during a burst, mostly in the closed state. whereas at 
> 20uM ACh, the channels are predominantly in the open state. 
b, Log log plot of the inverse of the best fit t, and to values, 
measured as shown in Fig. 2b and c against ACh concentration. 
Oper symbols are values for the channel mean open times, Ty, 
and closed symbols are for the channel mean closed times, te. 
Circles were measurements at —90mV, squares at — 130mV 
membrane potential. The solid lines were drawn through the 
-~130mV data, the dotted through the -90mV. All lines were 
drawn by eye. Each point represents the best fit exponential to 
histograms made by summation of the histograms from many 
bursts in the same conditions, Standard error brackets refer to 
the calculated standard error of the best fit values of t to their 
respective histograms. Channel open times are not measurably 
dependent on ACh concentration but increase with membrane 
hyperpolarization. The channel closed times are strongly 
dependent on ACh concentration: the slope of the line drawn 
was 1.4. No consistent change of mean closed times with changes 
in membrane purenta was measureable. 
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Clusters of bursts have durations of several 
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Fig. 4 Occurrence of single channel bursts in clusters as reve aled 
at low time resolution. This record was obtained in the presence 
of 20uM ACh 18s after the establishment of the pipetie-. 
membrane seal. Membrane potential was ~90mV, 12°C, At 
slow sweep speed it is no longer possible to resolve indivi 
pulses of current, but a clear grouping of bursts of pulse 
apparent. The lower brackets indicate the durations o ë 
individual bursts, while the upper bracket illustrates the du ti 
of a cluster. In frequency-of-occurrence histograms of the ints 
between current pulses, three widely separated exponent 
components are measureable. The fastest component respresent 
the distribution of channel closed times within bursts, the 
intermediate one the distribution of inter-burst intervals and the 
slowest component represents the time intervals between clusters. 
The wide separation of the means of the various interval 
distributions justifies the separation of groups of pulses into 
bursts and clusters. 




















duration of clusters is variable and decreases with increasing 
agonist concentrations. At 20M ACh, the average duration 
of clusters is 4.8+2s, whereas the average duration of the 
interval between clusters is 34+4s. A simple explanation for 
these observations is that the AChR-channel can exist in two 
different states of desensitization. Thus at 204M ACh, the 
sequence of bursts and burst intervals reflects the kinetics of a 
fast component of desensitization with apparent: rate constants 
of ~2s"! and ~5s~' for the conversion to and from the 
desensitized state, respectively. The kinetics of a slow 
component are measured by the average duration of clusters 
and the average interval between clusters. At 20pM ACh, the 
apparent rate constants are ~0.2s°' and <0.03s"' for the 
transitions between open/closed and this desensitized state. 

The results demonstrate that at least three kinetic processes 
control the AChR-channel conductance state in the presence of 
desensitizing concentrations of ACh. The rapid fluctuations of 
current in the millisecond time range represent transitions. of 
single AChR-channels between their open and closed states. 
The slow kinetic process, in the time range of several seconds, 
which is measured as the repeated occurrence of clusters, can 
tentatively be related to the onset of and recovery from 
desensitization as observed in measurements of end-plate 
current!!~!3. In addition, we have presented kinetic evidence 
for an agonist-receptor interaction that leads to a desensitized 
state of the receptor-channel complex in the intermediate time 
range of hundreds of milliseconds. 
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Effect of lesion of cortical dopamine _ 
terminals on subcortical = 
dopamine receptors in rats — 

C. J. Pycock, R. wW. Kerwin & C. J. Carter 


Department of Pharmacology, Medical School, University of Bristol, 
Bristol B58 ITD, UK 


Since the demonstration of dopamine-containing nerve terminals 
within cortical regions'’, studies have confirmed the existence of 
a dopaminergic projection to the medial prefrontal cortex*’. 
Cortical dopamine (DA) may be a functional neurotransmitter, 
as there are selective high-affinity receptor binding*® and uptake 
sites’* within this area, a DA-selective adenylate cyclase 
system””, cells responsive to iontophoretically applied DA", and 
a pool of DA amenable to release in vivo" or in vitro™™. 
Lesions of either midbrain cell bodies in the ventral tegmental 
area'*"® or of frontal cortical’ areas directly", with subsequent 
loss of DA terminals from the medial prefrontal cortex, induce 
hyperactivity in rats“, and enhanced behavioural responses to 
amphetamine". Lesion of subcortical DA pathways results in 
the opposite effects, suggesting that frontal cortical DA systems 
may have an inhibitory role in motor behaviour''*. Dopamine- 
dependent hyperactivity and stereotypy is believed to be 
mediated from extrapyramidal and mesolimbic DA-innervated 
sites™, We previously noted that loss of catecholamine terminals 
within the frontal cortex of the rat results in increased DA 
turnover and utilization in subcortical striatal and limbic regions 
after one week“. We now show evidence of both enhanced pre- 
synaptic and post-synaptic mechanisms in the terminal regions 
of the ascending nigrostriatal and mesolimbic DA pathways one 
month after destruction of DA terminals within the medial 
prefrontal cortex of the rat. The increased “H-ADTN and `H- 
spiperone binding,” enhanced DA-induced stimulation of 
adenylate cyclase and potentiated uptake capacity for DA 
within striatum and nucleus accumbens may demonstrate a 
functional basis for the observed potentiated behavioural 
responses. 
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Destruction of catecholamine terminals within the area of 
the medial prefrontal cortex was performed by infusion of 6- 
hydroxydopamine (6-OHDA) into this site. Male Porton rats 
(220-250¢) were pretreated with the noradrenergic uptake 
blocker desmethylimipramine?® (DMI, 25mg per kg, 
intraperitoneally (i.p.). 30min before lesion) to increase the 


relative toxic specificity of 6-OHDA for DA terminals. $» 


Animals were anaesthetized (chloral hydrate, 300mg per kg), 
and immobilized in a Kopf stereotaxic frame. Two groups of 
rats received bilateral injections of either solvent (1.5 pl 0.1%, 
nitrogen-bubbled sodium metabisulphite solution) or 6-OHDA 
(Sigma) (8pg per 1.5y per 2min) into the medial prefrontal 
cortex (coordinates A+ 10.3; V+1.0; L+0.8mm)*! (Fig. 1). 
Four weeks after surgery, the spontaneous and (+) 
amphetamine (1 mg per kg, i.p.)-induced locomotor activity of 
both sham and lesioned rats was tested in an open field. 
Remaining rats were killed for biochemical assessment of the 
effects of the 6-OHDA/DMI lesion. Paired corpus striatum, 
nucleus accumbens and the region of the medial prefrontal 
cortex were rapidly dissected out and regional concentrations 
of DA and noradrenaline (NA) were measured using a 
sensitive radiometric enzymatic assay with [°H]-S-adenosyl- 
methionine (15Cimmol”*, Radiochemical Centre, Amersham) 
as the methyl donor’*. The high-affinity benztropine- 
resistant”? uptake of NA, and the DMl-resistant uptake of 
DA, within the lesion site and adjacent cortical areas were also 
compared (see Fig. 1). In addition, the DMI-resistant uptake 
of DA in the striatum and nucleus accumbens was measured 
in the two animal groups. Concentrations of the major DA 
metabolites homovanillic acid (HVA) and 3,4- 
dihydroxyphenylacetic acid (DOPAC) within striatum and 
nucleus accumbens were measured fluorimetrically’*, and the 
basal and dopamine (5-50,.M)-stimulated adenylate cyclase 
activity assayed in these regions according to the technique of 
Clement-Cormier and coworkers?*. Further, (+ )-butaclamol- 
sensitive *H-spiperone (20Cimmol~!; Radiochemical Centre, 
Amersham) binding using a range of 100-2,000 pM radioactive 
ligand??, and also the 2-amino-6,7-dihydroxy-1,2,3,4- 
tetrahydronaphthalene (ADTN)-sensitive binding of *H-ADTN 
(4.9Cimmol~!; Radiochemical Centre, Amersham) using a 
range of 5-40nM radioactive ligand?" were studied in striatal 





Fig. 1 The site and effect of 6-OHDA lesions of the medial prefrontal cortex on regional frontal cortical high-affimty catecholamine uptake. 
Transverse sections of the rat brain, levels A8380 and A103007'. indicate site of injection (bilaterally. area 1) and adjacent areas taken for 
regional assay (areas 2, 3 and Cg). For regional high-affinity catecholamine uptake, areas were dissected from the appropriate plane and 
tissue from both sides of each animal pooled and chopped in two directions at 0.2mm intervals using a Mellwain tissue chopper. Slices were 
weighed (S-10mg per tube) incubated at 37°C in 2 ml oxygen-bubbled Krebs-Ringer bicarbonate buffer, pH 7.4 for 10min. “H-DA (specific 
activity 5Cimmol~', Radiochemical Centre, Amersham) or 3H-NA (specific activity 10.7 Ci mmol” 1 Radiochemical Centre, Amersham) were 
added to each tube to give a final concentration of 0.1 pM. For DA uptake, 0.5yM DMI was present in the buffer to restrict any uptake into 


3 


NA terminals’’: for NA uptake, uM benztropine was present to restrict any uptake into DA terminals’*. Uptake was terminated after 
5min by rapid filtration on to Whatman GF/B filters, and, following washing with 15 ml ice-cold buffer, radioactivity was determined by 


liquid scintillation counting. Tissue and filter blanks were assessed by 


measuring the uptake of radioactivity at 0°C. The results of the 


regional high-affinity catecholamine uptake were calculated as fmoles per mg tissue per min (upper trace). Uptake in 6-OHDA lesioned 
animals was expressed as a percentage of that obtained in sham-operated rats (lower trace); open columns represent DA uptake, hatched 
columns for NA uptake. Each point is the mean of six values; vertical bars denote standard errors. Cg, cingulate cortex: CN, caudate 


nucleus: CC, corpus callosum; CAA, anterior commissure. 
+P<O.01 {Students t test). 
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Table 1 Changes in regional concentrations of noradrenaline and dopamine and its metabolites in cortical and subcortical sites in rats following 


6-OHDA lesions of the media! prefrontal cortex 
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Medial prefrontal cortex Striatum Nucleus accumbens 
Substance 
tested Sham Lesion Sham Lesion Sham Lesion 
NA 0.84 + 0.03 0.58 0.12 0 ee 
(68) 
DA 0.11 +0.02 0.04 +0.01ł 11.94 +0.87 12.61 +0.84 7.97 +0.85 9,35 +0.40* 
(38) (106) (117) 
HVA -= — 0.63 + 0.06 0.77 + 0.04* 0.93 + 0.08 1.31+0.107 
| a (124) (141) 
DOPAC a = 1.21 +0.09 1.87 +0.40t 1.33 +0.14 1.94 +0.27* 
(155) Wes? 










cortex. Sham anim eceived bilateral injections of vehicle (1.5 p! 0.1% 

were conducted 30 
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P005, oo" 
tP <001 (Students t test 


and nucleus AE membrane preparations. 

Total specific- binding of `H-ADTN and °H-spiperone was 
significantly increased in the membrane fraction prepared from 
both striatum and nucleus accumbens examined from the 6- 
OHDA lesioned animals (Fig. 2). Scatchard analysis of the 
data indicated that this was due to an increase in receptor 
numbers in both regions for both ligands (ADTN: B-values for 





= striatum, control 113+10fmol per mg protein compared to- 


146+9 for lesioned group (P<0.05); nucleus accumbens, 
control 78+4 fmol per mg protein compared to 90+5 for 
lesioned group (P<0.05). Spiperone: B-values for striatum, 
contro] 0.81 +0.07 pmol per mg protein compared to 1.08 
+0.09 for lesioned group (P<0.05); nucleus accumbens, 
control 0.91 +0.05 pmol per mg protein compared to 1.33 
+011 for lesioned group (P<0.05)). Additionally, there 
appeared to be a small decrease in receptor affinity for *H- 
ADTN binding in the striatum (K, values: control 0.87nM, 
lesion 1.54nM). There appeared to be no change in receptor 
affinity with dissociation constants ranging from 0.22 to 
0.49nM for *H-spiperone binding, or for 73H-ADTN binding 
in the nucleus accumbens, the regression analysis showing that 
the slopes did not significantly deviate from parallelism 
between sham-operated and lesioned animals. All binding data 
represents mean +s.e.m. of eight determinations. 

Dopamine (5-50um) markedly stimulated adenylate cyclase 
activity in striatal and accumbens homogenates. This effect 
was significantly greater in 6-OHDA lesioned animals at all 
doses of DA giving maximal stimulation in the striatum 
(P<0.05) and at the 20uM dose of DA in the nucleus 
accumbens (P<0.05, Fig. 3). Furthermore, the cortical lesions 
resulted in significant increase in the high affinity DMI- 
resistant uptake of DA in both extrapyramidal and mesolimbic 
sites. Accumulation of DA into striatal slices from 6- 
OHDA/DMI lesioned rats was 1,067+71 fmol per mg tissue 
per min compared to 754+70fmol per mg tissue per min in 
vehicle-injected animals (2 P<0.02). Accumulation of DA into 
slices from nucleus accumbens was 649+ 86 fmol per mg tissue 
per min in 6-OHDA/DMI lesioned rats: control animals 
accumulated 435+ 32fmol per mg tissue per min (2P <0.02, 
n= 10). 

We have previously reported the behavioural and 
biochemical sequelae of such lesions, 10 days after 
surgery'®'°. Because the additional binding and uptake 
studies were performed | month after surgery, we repeated 
these experiments at this later time to verify the effects of the 
lesion. At 1 month these lesions enhanced spontaneous and 
amphetamine (1 mg per kg, i.p.)}-induced locomotor activity in 
the perimeter squares of an open field compared to sham- 
lesioned animals (spontaneous, P<0.05; amphetamine- 
induced, P<0.01, n=8). Similarly the biochemical parameters 
at | month paralleled those results reported at 10 days after 





j fretreated with DMI (25mg per kg, Lp.) and 6-OHDA (8g in 1.51) injected bilaterally into. . the medis 
“ sodium metabisulphite solution) into the same site. Biochi 
valter surgery. Results are the mean of seven observations and are expressed as pg per g wet weight tissue +1 s em, 
dicate the per cent value of sham-operated concentrations. 
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surgery. Briefly 6-OHDA lesions of the medial = it 
cortex reduced DA concentrations to 38%, (P<0.01) and NA 
concentrations to 68° (P<0.05) within this site (Table 4). 
These results were supported by a 48° decrease in high- 
affinity DMI-resistant DA uptake and a 21%, decrease in high- 
affinity benztropine-resistant NA uptake (Fig. 1} These 
significant changes in catecholamine uptake were only 
observed in the region of the medial prefrontal cortex (area 1), 
adjacent regions and the cingulate cortex showed no 
differences between 6-OHDA lesioned and sham-operated 
animals (Fig. 1). In addition to changes in cortical 
catecholamine content, significant increases (+17°.) in the 
DA content of the nucleus accumbens (P<0.05), and HVA 
and DOPAC concentrations in both. um and nucieus 
accumbens were recorded in 6-OHDA rats (Table 1). 

Lesions of 6-OHDA of the medial p cortex produce 
significant loss of both DA and NA from this site, together 
with an apparent enhancement of subcortical DA systems as 
indicated by increases in concentrations of DA and its 
metabolites, in basal and dopamine-stimulated adenylate 
cyclase, in 7H-ADTN and *H-spiperone receptor binding and 
enhanced high-affinity uptake of DA within the striatum and 
nucleus accumbens. The neurotoxic effects of the lesion seem 
to be confined to the medial prefrontal cortex as adjacent 
regions and the cingulate cortex showed no changes in high- 
affinity catecholamine uptake. The lesion was associated with 
an increase in both spontaneous and amphetamine-induced 
locomotor activity. 

The biochemical data would suggest a facilitation of DA 
mechanisms within extrapyramidal and mesolimbic sites which 
would support the enhanced behavioural responses. This 
increase would seem to involve both pre- and postsynaptic 
mechanisms within the striatum and nucleus accumbens as 
indicated by the recorded increase in DA utilization (increased 
DA metabolite concentrations), DA uptake, and increase im 
adenylate cyclase and receptor number. The exact site of these 
receptor increases is not known as not all postsynaptic DA 
receptors seem to be linked to adenylate cyclase”? and a recent 
report suggests only a poor correlation between *H-spiperone 
binding and DA-sensitive adenylate cyclase suggesting that 
two different populations of DA receptors may be involved*®. 
Furthermore it has been suggested that the neuroleptic may 
also label central serotonin receptors which would obviously 
confuse interpretation of the results*!. However, an identical 
binding pattern is observed in lesioned animals using ADTN, 
a rigid analogue of DA which is believed to bind specifically to 
DNA receptors?°. 

Such an apparent increase in both presynaptic and 
postsynaptic neurotransmitter mechanisms seem paradoxical 
as a decreased presynaptic function is usually associated with 
an increased postsynaptic sensitivity’? and vice versa**. Thus 
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the appearance of increased activity at both pre- and 
postsynaptic sites is a novel situation which is very interesting 
because of its accordance with the post-mortem biochemical 
data seen in schizophrenia, where increases in DA 
concentrations in nucleus accumbens**, and enhanced 
neuroleptic binding in both nucleus accumbens and 
striatum*>->° have been a documented feature of this disease. 
On the basis of other reported data, such a unilateral increase 
in pre- and postsynaptic activity is not completely without 
precedent, as recent findings describe increased behavioural 
responses following chronic treatment with DA agonists? ™ 3°. 
The mechanism by which loss of catecholamine terminals 
within the prefrontal cortex induces supersensitivity within 
subcortical DA pathways is not known.’ It may reflect an 
increased number of active DA terminals in these sites, but 
whether such changes are purely a physiological consequence 
of reducing cortical DA function, or related to collateral 
sprouting?? following damage to the mesocortical DA 
projection remains to be resolved. In a previous study we 
showed that such lesions will also bring about changes in 
other neurotransmitter functions within the basal ganglia’®. It 
therefore seems that the frontal cortical catecholamine system 
may be intimately concerned with the regulation of 
subcortical DA pathways. The medial prefrontal cortex sends 
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Fig. 2 Effect of 6-OHDA lesions of the medial prefrontal cortex 
on *H-ADTN (upper traces) and *H-spiperone (lower traces) 
binding to membrane fractions prepared from rat striatum and 
nucleus accumbens. Tissue pooled from nine sham-operated or 
nine 6-OHDA lesioned animals for each ligand, 30 days after 
surgery. Total specific ADTN binding was obtained by 
displacement with I uM ADTN?® and total specific *H-spiperone 
binding was obtained by displacement with iM {+} 
butaclamol*’. Data is shown as representative Scatchard plots of 
radiolabelled ligand receptor binding from sham-operated (@) 
and 6-OHDA lesioned animals (A), each point being the mean 
of quadruplicate determinations. At saturating concentrations of 
3H-spiperone specific binding typically represented 500c.p.m.; 
nonspecific being typically 200cp.m. At saturating 
concentrations of ADTN specific binding was typically 
_ 900c.p.m.; nonspecific being 400.c.p.m. 
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Fig. 3 Effect of 6-OHDA lesions of the medial prefrontal 
cortex on dopamine-sensitive adenylate cyclase activity in 
rat striatum and nucleus accumbens. Tissue pooled from six 
sham-operated or 6-OHDA lesioned rats, 30 days after surgery. 
DA-sensitive adenylate cyclase activity was determined according 
to the technique of Clement-Cormier et al.*? and cAMP in the 
samples was assayed using the method of Brown et al.*°. The 
results shown represent activity in tissue from sham-operated 
animals (@)} and 6-OHDA lesioned rats (©) and represents the 
mean +1 s.e.m. of three determinations each assayed in triplicate. 
The data shown is obtained from a single assay and is one of 
several experiments carried out in identical conditions and giving 
similar results. Significant differences from sham-treated animals 
(P <0.01) are indicated by the asterisks and are determined non- 
parametrically from data pooled from two separate assays (n= 6). 


projections to the striatum*®, nucleus accumbens*', ventral 
tegmental area*®, and to the substantia nigra**, thus providing 
potential routes through which such control may be mediated. 
The development of supersensitive central receptor sites is of 
much interest to the clinician, and an increase in either affinity 
or number of subcortical DA receptors has been suggested in 
development of Parkinson’s disease**, schizophrenia**:*® and 
the dyskinesias**. Indeed a recent report has presented 
evidence for the development of supersensitive striatal DA 
receptors in rats following chronic neuroleptic treatment*”, a 
situation that may explain tardive dyskinesias which often 
develop in this type of drug therapy. That an apparent 
supersensitive subcortical DA system can also develop after 
lesions of the prefrontal cortex may have far reaching 
implications as to the possible involvement of this site in the 
aetiology and management of neurological and psychiatric 
disorders hitherto attributed to dopaminergic function in 
subcortical areas. 
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Study of the biological function of the cells of the nervous 
system has benefited from the isolation of cloned glial or 
neuronal tumour cell lines that can be induced to differentiate in 
culture”. Many of their differentiated properties reflect specific 
biochemical changes at the cell surface, and we have observed 
changes in cytoskeletal organization and glycosaminoglycan- 
containing proteoglycan content in the tissue culture substratum 
adhesion sites of neuroblastoma cells during neurite extension’. 
To assist in defining structure function relationships of cell 
surface components of rodent neuroblastoma cells, I have used 
two cell-surface-active agents to select for phenotypically-stable 
variants of these cells which display some unique properties and 
which will be useful for further biochemical and physiological 
analyses. 

The first selection, based on sensitivity to detachment of 
these cells from the tissue culture substratum by the Ca?*- 
specific chelator EGTA, is shown in Fig. 1 for cloned rat 
neuroblastoma B104 cells?. Variants were isolated that resist 
EGTA-mediated detachment from the tissue culture dish on 
conventional treatment [shaking at 37°C for 30min with 
0.5mM EGTA in phosphate-buffered saline (PBS)]. The 
selection was performed in two different ways. In the first 
approach (Fig. la), undifferentiated B104 cells were treated 
with EGTA, gently pipetted to detach loosely-adherent ceils, 
and rinsed several times with PBS. Cells resisting this 
treatment (approximately 5 x 107° of the original cell number) 
were incubated for several hours in fresh medium and 
trypsin-subcultured into fresh dishes. After 2 weeks, several 
colonies developed at a final selection frequency of 1 
x 107°; these colonies were subjected to the same selection 
protocol two more times before cloning. Most of the colonies 
from this selection were resistant to EGTA at 0.5mM and 
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displayed a highly elongated fibroblastic mo ot 
cells are referred to as E,A variants; f A 
concentrations or longer trypsinization are “poquired: to 
subculture them. Several clones were tested and showed 
properties similar to those of the ERA 12 clone described here. 
In an alternative procedure (Fig. 1b), cells in the original 
culture that resisted EGTA detachment were permitted to 
regrow into colonies in the original culture dish instead of. 
being treated with trypsin and transferred to fresh.dishes. The 
original dish was covered with cellular substrate-attached » 
material (SAM), substratum adhesion sites which pinch off 
from the cell surface during EGTA-mediated detachment of 
the cells®; it has previously been shown that onco nic virus- 
transformed fibroblasts respond differently to SAN -coated 
substrata compared to serum-coated substrata tha 
fibroblasts™ 8. SAM-coated substratum permits : 
different type of variant, termed E,B, at a freq 
x 1075. Most clones displayed properties similar’ 
clone described here. Both variant types have been: stable | 
9 months of culture (25-30 passages). 
A third selection method was based on the sensitivi 
rat B104 cells to agglutination and killing by” the 
concanavalin A (Con A) using protocols similar to those. 
successful in generating Con A-resistant fibr blasts”. p 
confluent washed cell layer was treated with 20pgmi~? Con A. 
for 16h in serumless DMEM. The nonviable agglutinated cells- 
were pipetted off the dish and the resistant cells (frequency of 
5x 107°) were permitted to regrow into colonies on the same 
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Fig. 1 Protocols for selection of EGTA detachment-resistant > 
variants of rat neuroblastoma cells. Rat neuroblastom is (the 
B104 clone) were grown in 60mm tissue culture Eas 
DMEM. (plus 7.5° fetal calf serum and penicillir 
streptomycin) until they were just confluent (~4 x 10° cells). In 
both selection protocols (a and b), the cell layer was rinsed twice. 
with PBS and treated with 0.5mM EGTA in PBS at 37°C for 
30min by gentle shaking. Loosely-adherent cells were removed 
by gentle pipetting and the dish surface was rinsed twice with 
PBS. In protocol b, the dishes were refed with serum-containing 
medium to allow cell regrowth as a few sparse colonies on the 
SAM-coated substratum over a 2-week period. In protocol a, 
serum-containing medium was added back to the treated di 
for 4h to permit recovery from. EGTA-induced d 
resistant cells were then trypsinized into fresh dishes t 
regrowth as a few sparse colonies over a 2-week pe 
these protocols were repeated two more times before 
EGTA detachment-resistant cells. 
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Table 1 Growth and differentiation of variants 


Cell type and response 
B104 CR4  EkA12 


Property 
E,B9 
(1) Density-dependent 

inhibition of growth* 
(2) Form neurites in 


—(>68 —(>58 —(>4Ķ§ +(1.2) 


serum-containing medium - — _ + 
(3) Form neurites in 

serumless mediumt + 4 = | re 
(4) Form neurites on 

SAM-coated substrata} - _ ~ + 





The designation + indicates that more than 25% of the cells 
responded; — indicates that less than 1% respond. 

*As determined by multilayering of cells and continued high DNA 
synthesis in cultures after confluence of the culture had been achieved. 
The numbers in parentheses are saturating densities (cells per cm? 
x 10°"). 

tAt 50% confluence of the culture, the cell layer was rinsed twice 
with PBS and refed with DMEM lacking serum. Twenty-four hours 
later, the culture was microscopically evaluated for neurite formation. 

tSAM-coated substrata (on 60mm tissue culture dishes) were 
formed by growing rat C6 glioma or rat B104 neuroblastoma cells to 
confluence, detaching them by EGTA treatment, and rinsing the SAM 
layer with PBS before inoculating 5ml of serum-containing medium 
containing 5x 10° cells. The cells were grown for 48h before 
evaluating whether they had formed neurites. 

§Cells are multilayered at this density. 

|| These cells elongated and fused with neighbouring cells to form 
multinucleated syncytia. 


dish. This selection was performed three more times with the 
lectin showing much less of a cytotoxic effect on each 
subsequent treatment. This variant is referred to as C,4. 

The growth properties and morphology of all four cell types 
were determined. The doubling time during exponential 
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growth was similar for ‘wild-type’ B104, E,A 12, E,B9, and 
C,4 cells (18-20h). B104, ERA 12 and C,4 cells grew to a very 
high density with multilayering of cells (Table 1). E,B9 cells 
differed in that they became density-inhibited when they 
formed a criss-cross array of neurites at higher density (Fig. 
2d) without the cell body alignment characteristic of the 
parental B104 cells (Fig. 2a). They differed from the other cells 
in containing neurites at any cell density in serum-containing 
medium (Fig. 2c, d), except for an initial 12-24h recovery 
from subculturing damage. These cells are essentially 
constitutive for neurite formation and are less spread over the 
substratum than the E,A 12 (Fig. 2e) or ‘wild-type’ B104 cells. 
C,4 cells tend to be somewhat epithelioid in appearance (data 
not shown). 

The ability of these cells to form neurites was then tested in 
various experimental conditions (Fig. 2 and Table 1). The 
B104 cells only formed neurites when they were starved of 
serum for 24h (Fig. 2b). They did not form neurites when 
grown in serum-containing medium on substrata coated with 
rat C6 glioma or neurite-containing B104 neuroblastoma 
SAMs (generated by prior growth of these cells to confluence 
and EGTA-mediated detachment). The E,B9 cells contained 
neurites in all experimental conditions tested. The E,A1l2 
variant did not form neurites in any condition and underwent 
massive fusion within 24h in serumless medium to form highly 
elongated ‘myotube-like’ syncytia containing many nuclei. 
Also, at low density in serumless medium (Fig. 2/), the 
syncytia only contained 2-4 nuclei; with cells approaching 
confluence, the syncytia contained as many as 20 nuclei. These 
elongated cells frequently spanned the entire microscope field, 
and there was no evidence of growth cone formation in these 
cells. There was no appreciable syncytia formation when these 
cells were in serum-containing medium. Cp4 cells were similar 
to B104 cells in their ability to form neurites in serumless 
medium but not in serum-containing medium or during 
growth on SAM-coated substrata (Table 1). Thus, the selection 
protocol based on EGTA-mediated detachability and regrowth 
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Fig. 2 Morphology and differentiation of EGTA detachment-resistant variant cells. Different cell types were plated into 60-mm tissue 


culture dishes at various densities and permitted to grow for at le 


(x90). For serumless cultures, the cell layer was rinsed twice with 


ast 48h before photographing the cultures under phase contrast optics 
BS and refed with serumless DMEM for 24h before photography. The 


following are displayed: a, sparse B104 cells; b, neurite-containing B104 cells in serumless medium; c, sparse E,B9 cells in serum-containing 


medium (note extensive neurite formation); d, density-inhibited E, 


B9 cells in serum-containing medium (note the extensive array of criss- 


crossed neurites and the absence of alignment of cell bodies); e, E,A12 cells as they approach confluence in serum-containing medium; and f, 
E,A12 cells in serumless medium. 
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Table 2 Tumour formation in nude mice 


er 


Tumour incidence 


Cell line 10* cells 10° cells 10’ cells 
B104 4/4 (3) 4/4 (1.5) 4/4 (1.5) 
C,4 4/4 (3.5) 4/4 (2) 4/4 (1.5) 
E,B9 0/4 (-) 4/4 (4) 4/4 (3) 
E,A12 0/4 (—) 0/4 (-) 0/4 (—) 





Confluent cultures were rinsed twice with PBS and treated with 
0.5mM EGTA in PBS to detach cells. The cells were pelleted by 
centrifugation and washed once with serumless DMEM. The cells 
were suspended in serumless DMEM. 10*, 10°, or 10’ cells were 
inoculated subcutaneously into each athymic nude mouse in 0.1 ml 
aliquots. Animals were palpitated twice a week to detect tumour 
formation. Tumour incidence is given as the number of tumour- 
bearing animals (always resulting in animal death)/number of animals 
inoculated. The numbers in parentheses indicate the number of weeks 
required to grow a | cm-diameter tumour. 


on two different substrata generated variants strikingly 
different in their ability to generate neurites; both types of 
variant were distinct from respective parent cells. 

The variant cells were also tested for their ability to form 
tumours in athymic nude mice (Table 2). Three different 
inocula of EGTA-detached cells were used, and mice were 
examined for tumour formation over a 3-month period. At all 
three inocula sizes, ‘wild-type’ B104 and C,4 cells formed 
tumours in all mice with comparable speed. In these 
experiments, tumour formation always led to death of the 
animal. Even though E,B9 cells are density-inhibited in 
culture, they formed tumours in these animals, although more 
slowly than B104 cells. E,A12 cells, on the other hand, did 
not form tumours in any of the animals even at the highest 
inoculum size (107 cells); these cells are not density-inhibited 
in culture. 

Thus the two EGTA selection protocols generated variants 
differing widely in tumorigenic potential and neurite 
differentiation. There is clearly no correlation between 
tumorigenesis and density sensitivity during in vitro growth. 
Regrowth of EGTA-treated cells on SAM-coated substrata 
selects for EgB neurite-constitutive cells which apparently have 
lost the serum sensitivity for neurite formation as expressed in 
the parental cells; neurite extension and cell division are 
clearly not mutually exclusive events in these cells. The EgA 
selection generates variants with an altered surface membrane 
that permits efficient cell fusion but not growth cone 
formation; the extensive elongation of these cells may also 
reflect some perturbation of cytoskeletal organization. Further 
study of these three variant classes should assist in establishing 
what cell surface properties are important in differentiation of 
these neural cells and in tumour formation in an appropriate 
host. 

Many of these experiments were performed during a 
sabbatical leave in the laboratory of Dr Gordon Sato at the 
University of California, San Diego. Thanks are extended to 
Ms Bonnie Wolf for assistance in the tumorigenesis studies. 
L.A.C. was a Career Development Awardee of the NCI (1- 
K04-CA70709). 
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When foreign bodies, including many microorganisms, are 
ingested by cultured macrophages, they become enclosed in 
phagosomes, with which lysosomes usually fuse and then 
discharge their enzymes and other contents into the resulting 
phagolysosomes. Such fusion is, however, diminished or absent 
after the phagocytosis of some pathogens, notabl 
Mycobacterium tuberculosis’ and Toxoplasma gondii’. 
Assuming that the nonfusion is due to active inhibition by the 
intraphagosomal microbe, identification of an inhibitor 
should clarify the lysosomal control mechanism. It has been 
suggested that strongly acidic sulphatides present in virulent 
tuberculosis, which, like other substances with polyanionic 
structural features, can themselves block phagosome-lysosome 
fusion (P-LF)**, may contribute to the negative lysosome 
response to ingested tubercle bacilli‘. We report here another 
possibility, based on inhibition of fusion of yeast-containing 
phagosomes by filtrates from cultures of tubercle bacilli on 
traditional-type defined media; we show that the ammonia 
content of such filtrates is sufficient to account for their effect. 
This inhibition of fusion seems to be an hitherto unrecognized 
intracellular consequence of added ammonia, in striking contrast 
to the enhancement produced by some lipophilic amines’. 

Filtrates were obtained from surface-pellicle cultures of 
either M. tuberculosis virulent human strain H37Ry after 2-4 
months on Ratledge—Hall ‘normal’ liquid medium®, containing 
asparagine as sole nitrogen source, or M. tuberculosis bovis 
strain ANS after 10 weeks on a modified Dorset-Henly liquid 
medium of similar composition. Lysosomes of mouse 
peritoneal macrophages in monolayer culture were prelabelled 
with acridine orange (AO) for darkfield vital fluorescence 
microscopy (VFM), or with ferritin for electron microscopy 
(EM)°*. The cells were allowed to ingest fresh or 150-krad y- 
ray-irradiated Saccharomyces cerevisiae, an organism which 
induces P-LF. Fusion was assessed by transfer of label into the 
yeast-containing phagosomes. With this test system (see ref. 3 
for details), substantial inhibition of P-LF was obtained when 
the monolayers were exposed to either type of culture filtrate 
(diluted 1:5 or 1:10 in balanced salt solution (BSS)’) at 37°C 
for 60min immediately before the yeasts were offered for 
ingestion and then continuously until examination 45-60 min 
later (exposure to culture filtrate not being interrupted at any 
stage). 

Experiments involving distillation, trapping in H,SO, and 
gas chromatography suggested activity by a volatile 
base. Therefore, ammonia, a known constituent of M. 
tuberculosis cultures’, was estimated in the culture filtrates, 
using glutamic transaminase and NADH (Sigma kit 170-UY), 
and was found to be as high as 20mM. Replacement of 
culture filtrate by ammonia was tried and found to be effective 
in inhibiting P-LF, both by overall assessment using VFM and 
by quantitative assessment (based on screening surveys’) using 
EM (Table la, b). (Quantitative differences in estimating 
fusion between these two methods, and between fresh and 
irradiated yeasts, have been discussed  elsewhere*.) 
Corresponding to the formation of phagolysosomes by P-LF, 
degranulation (loss of lysosomes) takes place. Assessed by 
labelling the surviving lysosomes with AO, degranulation was 
much reduced by ammonia treatment of macrophages (Table 
Ic). 

Ammonia rapidly enters lysosomes of macrophages and 
leaves rapidly after removal from the medium”. In the present 
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Table 1 Effect of ammonia on phagosome-lysosome fusion and 
degranulation in macrophages after ingestion of yeasts 
Optical Fusion or 
Protocol system Observation degranulation (°,) 
Ammonia- 
Untreated treated 
a Fluorescence Phagosome—lysosome 
microscopy fusion 
(AO label) 70 10 
b Electron Phagosome-lysosome 
microscopy fusion 
(ferritin label) 92*(350)t 55*(390)t 
¢ Fluorescence Degranulation 
microscopy 
(AO label) 90 25 





a, Macrophage monolayers, after prelabelling with AO, were treated 
for 45min with NHCl (10mM) in BSS at 37°C and then exposed for 
a further 50min to fresh yeasts at 10° cells per ml, the NH,CI still 
being present. (The results given are representative of 20 experiments. 
in 4 of which inhibition was evident using |-2mM NH,Cl.) b, 
Macrophage monolayers, after prelabelling with ferritin, were treated 
for 45min with NH,Cl (5mM) in BSS, then exposed for 30min to 
irradiated yeasts (107 cells per ml). After washing to remove excess 
yeasts, incubation was continued for 45 min and the macrophages were 
then fixed. NH,CI (SmM) was present throughout (including the yeast 
pulse and the washing). c, Similar to a but the yeasts, at 5x 10° cells 
per ml, were applied for 30min only, after which incubation was 
continued for 150min, NH,Cl (10mM) being present throughout all 
stages; AO labelling was at the end of this period, immediately before 
examination. Figures denote percentage loss of AO-labelled lysosomes 
(results are representative of six experiments). 

*Diflerence between results is significant (P <0.01), 

*Number of individual phagosome profiles counted. 


work the lysosomes were seen to swell to a degree dependent 
on dose (evident by VFM and EM). At concentrations up to 
10mM for 2-3h at 37°C, the cells remained apparently 
healthy by light microscopy, with normal uptake of yeasts; by 
EM, autophagic vacuoles were few and mitochondria seemed 
normal in appearance. Moreover, when ammonia-treated 
macrophages that showed inhibition of P-LF were washed 
well with BSS and incubated for several hours, the lysosomal 
swelling declined and normal fusion pattern was restored. 

Ethylamine and methylamine hydrochlorides were tested in 
the yeast system and showed some inhibitory activity. In view 
of this, and the behaviour of other amines tested by us 
previously, an interesting series with respect to effect on P-LF 
emerges. Lipophilic secondary or tertiary amines (for example, 
di- and tri-n-butylamine, dihexylamine,  dibenzylamine, 
chloroquine and tetracaine) accelerated P-LF; lower tertiary 
and secondary amines (such as diethylamine and 
triethylamine) enhanced slightly; most primary amines tested 
(for example, n-butylamine and ethanolamine) also enhanced 
slightly’. Now we have the opposite effect, that is, some 
inhibition by the lower primary amines, ethylamine and 
methylamine, and much stronger inhibition by ammonia. The 
negative or weakly positive results of testing individual amines 
other than ammonia for inhibitory activity are in accord with 
further experiments with culture filtrate which indicate that the 
latter's ammonia content is sufficient to account for most, if 
not all, of its fusion-inhibitory activity in the yeast system. 
These experiments comprised comparison of activities of 
NH,CI and culture filtrate at equivalent ammonia 
concentrations, and repetition of the trapping experiment 
mentioned above, but after preliminary removal of the 
ammonia by treatment with glutamic dehydrogenase, NADH 
and «-ketoglutarate. 

Ammonia raises intralysosomal pH (ref. 9) and inhibits 
degradation of lysosomal proteins'°~'?; so also do some other 
bases, including methylamine, tributylamine and 
chloroquine? !!-1>-14, The present observation that ammonia 
has the opposite effect on P-LF to that of chloroquine and 
tributylamine makes it unlikely that its inhibitory activity 
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operates through interference 
metabolism. 

Thus, judged by fluorescence and electron microscopy, and 
by lysosomal degranulation, ammonia can inhibit P-LF in 
macrophages when S. cerevisiae is the target. Moreover, M. 
tuberculosis produces sufficient ammonia when grown in vitro 
to account for most or all of the fusion-inhibitory effect of its 
culture fluid in this yeast system. The possibility that M. 
tuberculosis achieves its fusion-inhibitory effect by the 
production of ammonia or relevant amines within phagosomes 
of macrophages is now being studied. 

We thank Mr D. Andrews for a sample of culture filtrate, 
Mrs S. N. Payne and Mr N. L. Hemmings for analyses, and 
Miss K. H. Sullivan, Mr J. B. Gawor and Mr I. D. Parker for 
technical help. 


with pH and protein 


Received 22 February; accepted 24 April 1980 


Armstrong, J. A. & D'Arcy Hart, P. J. exp. Med. 134, 713-740 (1971) 
Jones, T. C. & Hirsch, J. G. J. exp. Med. 1M, 1173-1194 (1972) 
. D'Arcy Hart. P. & Young. M. R. Nature 256, 47-49 (1975); Expl Cell Res. 114, 486-490 
(1978); Expl Cell Res. 118, 365-375 (1979); in Mononuclear Phagocytes— Functional 
Aspects (ed. van Furth, R.) (Martinius Nijhoff, The Hague, in the press) 
4. Goren, M. B.. D'Arcy Hart, P, Young, M. R. & Armstrong, J. A. Proc. natn. Acad. Sei 
U.S.A. 73, 2510-2514 (1976) 

5. Geisow, M. J. Beaven, G. H. D'Arcy Hart, P. & Young, M. R. Expl Cell Res 126, 159 
165 (1980), 

6. Ratledge, C. & Hall, M. J. J. Bact. 108, 312-319 (1971) 

7. Hanks, J. H. & Wallace. R. E. Proc. Soc. exp. Biol. Med. 71, 196-200 (1949) 

8. Long, E. R. Chemistry and Chemotherapy of Tuberculosis 3rd edn, 80-85 (Bailliere Tindall 
& Cox, London, 1958) 

9. Ohkuma, S. & Poole, B. Proc, natn. Acad, Sci, U.S.A. TS, 3327-3331 (1978) 

10. Seglen, O, Grinde, B. & Solheim, A. E Eur. J. Biochem. 95, 215-225 (1979). 

11. Reyngoud, DJ, Oud, P. S., Kas, J, & Tager. J. M. Biochim. biophys. Acta 448, 290-302 

(1976). 

12. Wibo, M. & Poole, B. J. Cell Biol. 63, 430-440 (1974), 

13. Reijngoud, D-J. & Tager, J. M. FEBS Lett. 64, 231-235 (1976) 

i4. Goldstein, J. L~ Brunschede, G. Y. & Brown, M. S. J. biel, Chem, 250, 7854-7862 (1975) 


wl = 





Does the variability of the cell cycle 
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Smith and Martin'’ proposed the transition probability (TP) 
model to explain the significance of the variability of the cell 
cycle length of individual cells within a clone or culture. This 
postulates that the cell cycle length consists of a fixed period of 
time, which is the same for all members of the population, plus 
a variable period which is distributed according to a negative 
exponential function among the individual cell cycles. This 
variable part is contained entirely within G1, may be controlled 
hormonally by the organism, and is assumed to result from a 
single first order random process that terminates the variable 
part of the cell cycle with constant probability. As originally 
proposed, the model failed to account for timing of the fastest 
third of the population’. Minor and Smith‘ assumed that there is 
biological variability in the previously presumed constant part of 
the cycle and that this variability accounts for the failure to see 
an abrupt discontinuity. They proposed that most of this kind of 
variation can be cancelled out by comparing sister cells. Thus, 
they proposed a second plot to test their model, the f-plot. This 
is a two-cycle semi-logarithmic plot of the percentage of sister- 
sister cells having a smaller difference in age at division than the 
time value corresponding to the abscissa of the graph. Their 
model predicts a straight line starting at 100°, at time zero. 
Any model would require this value at time zero, but theirs 
requires that the plot be straight and parallel to the terminal 
slope of the a-plot. Shields and Smith and Shields’ have 
convincingly shown that for tissue culture cells of both mouse 
cell lines and Staphylococcus albus, the f-plots are linear for 
97-98". of the cell populations and parallel to the z-plots. This 





has been taken as strong support for the TP model. Recently, in 
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developing computer simulation of a growth controlled (GC) 
model’, | found that certain properties, such as the linearity of 
p-plots, are very sensitive to the presence of subpopulations of 
cells with longer doubling times. My major purpose here is to 
point out three statistical aspects of the cell cycle that are 
_ strongly influenced by growth rate heterogeneity for any model 
>. of the cell cycle. 

The GC model as used here assumes that the sizes at 
successive divisions are uncorrelated and that the cell division 
produces daughter cells of equal size. I have assumed both a 
gaussian normal distribution and a negative exponential 
distribution and that growth of individual cells may follow 

exponential, linear or bi-linear growth laws. The negative 
onential distribution was chosen because it is non-normal, 
moderately skewed in the positive direction and is the form 
“assumed by the TP model. In addition, such a distribution 
would apply if the actual separation of the completed daughter 
cells proceeds by a process whereby the splitting into two 
separate cells has a constant probability with time? after the 
cells had physiologically divided. 

Figure 1 shows computer-generated g- and f-plots for 
various combinations of distributions and growth laws. 
Calculation has been made for the case in which the coefficient 
of variation of the sizes of cells in the act of division (cva) is 
0.1. It can be seen that the negative exponential—linear growth 
model gives linear f-plots; it is, in fact, equivalent to the TP 
model. However, the a-plot for this case has a quite different 











<o terminal slope. When exponential growth is assumed, both 


© choices for the distributions of sizes at division give parallelism 
>o between the f-plot and the terminal part of the a-plot, but 

both are curved downwards. Table 1 gives the statistical 
parameters of these distributions and other statistics for these 
submodels. 

For a single case, that of the prokaryote, Escherichia coli, 
there are reasons independent of the statistical data for 
choosing the GC model corresponding to the first line of 
Table 1. The distribution of sizes of cells showing constriction 
in electron micrographs is approximately gaussian and not 
exponential?:1°. The coefficient of variation of sizes of cells 
engaged in cell division is small (cvg=8-14°%)''"*°; the rate of 
macromolecular synthesis is exponential’*. Evidence for equa- 
lity of cell division in producing equal-sized daughters is 
presented elsewhere'®:'*, as are other types of evidence in 
favour of the model’ > 1515, | 

Some, but not all, of the statistical data for E. coli 
concerning cell cycle lengths agree with this GC submodel. 
The coefficient of variation of the distribution of ages at 
. division (cv,= 20-25%) is very nearly twice the coefficient of 
variation of the sizes of cells at division (cvg=8-14%)'*. The 
model also predicts values of p,,, the correlation coefficient of 
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sister : sister ages at division of about 0.5 (see first line of 
Table 1). Values this high or higher have been observed in all 
studies except where cell division is very asymmetrical. | 

Certain experimental findings with E. coli and other 
prokaryotes are not predicted but are generally observed, 
They are: (1) that the measured correlation of ages at division 
of mother and daughters, pma, is usually observed to be more 


positive as values near —0.5 predicted by the model (Table 


1); (2) that the measured skewness of the distribution of ages 
at division, y,, is generally moderately positive instead of being 
nearly zero as predicted by the theory (Table 1); (3) that the 
B-plot is linear instead of exhibiting a downward curvature 
(see Fig. 1). Other choices of growth laws or distributions of 
division sizes do not give agreement (see Table t and Fig. 1). 
However, these three discrepancies can be fully resolved in a 
way which leaves the basic model intact by assuming that a 
small fraction of the cells in the population grow more slowly 
than do the majority. From Table 1 it can be seen that 
admixture with 2-3% more slowly growing cells decreases Pua 
and increases y, towards values typically observed in the 


literature. Figure 2 shows x- and f-plots for the gaussian~ 


exponential GC model with cvy=0.1 repeated from Fig. 1 
together with the plots for hypothetical populations in which 
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Fig.1 «- and f-plots for four submodels of the growth 






controlled model of the cell division cycle. It was assumed that 
the coefficient of variation of the sizes of cells at division, cry, 18 






0.1 and that cell division partitions cell sabstances precisely. The 
submodels differ in the shape of the distribution of sizes at cell 


division and the mode of growth: 


Distribution Growth law 
Gaussian Exponential = --~----.-- 
Gaussian Linear se ae a 
Negative exponential Exponential we tee tom t 
Negative exponential Linear ee 





Table 1 
Coefficient of 
variation of the 
Division Growth age distribution 
distribution law ev, 
Gaussian Exponential 0.204 
_ Admixed with: 
2%, delayed 0.57 Gen. 0.217 
3% delayed 0.52 Gen. 0.219 
Gaussian Linear 0.221 
Gaussian Bi-linear* 
Cmt 0.215 
C=t6 0.175 
Negative exponential Exponential 0.136 
Negative exponential Linear 0.157 


Statistical properties of growth controlled models of the cell cycle 
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Sister : sister Mother : daughter. i | 


Skewness Kurtosist correlation correlation 
Yy f2 Pax Pma 
— 0.001 2.989 0.501 —~G,504 
+0.271 3.758 0.713 ~~ (}.226 
+ 0.305 3.697 0.877 — 0.125. 
0 2.886 0.200 -— 0.400 
0 2.916 0.501 ~ OS) 
0 2.916 0.501 ~ 9,501 
0 4.651 0.402 -~ 6501 
+ 1.196 6.418 


0.200 —O.399. 





tFor a normal distribution f, = 3. 


3 “All models are calculated for the assumption that the size of cells at division has a coefficient of variation (ev,) of 0.1. 
*C equals the size of the cell at which the rate of growth doubles relative to the mean birth size. 
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Fig. 2 The effect of straightening the f-plot by the admixture of 
a few per cent of more slowly growing cells. Calculations are for 
the gaussian ete unee of sizes at An exponential growth 
and cny = 0l. -—----, No admixture; "=, 2% delayed 0.57 of 
Thessa 3% _ delayed 0.52 of Te.% 4 © delayed 0.49 of T. 


2, 3 or 4%, are presumed to be delayed in division for about 
0.5 of a mean generation compared with the majority 
population. In each percentage of admixture, I have fitted for 
the delay that gives the most linear f-plot. 

The following conclusions follow from these considerations. 
(1) A small subfraction of slowly growing cells can greatly 
affect some but not others of the statistical properties of the 
life-lengths of cells in a growing culture. The coefficient of 
variation of the ages at division, and its relationship to the 
variation in size at division are not as responsive to the 
presence of a small proportion of more slowly growing cells. 
(2) The mother-daughter correlation, Pma, the skewness and 
kurtosis of the age distribution, y, and f,, and the curvature 
of the f-plots are very sensitive to admixture and therefore 
give little information about the events timing the cell cycle of 
the bulk of the cells of the population. (3) If there were a very 
few per cent of a population growing more slowly than the 
bulk of the cells, the transition probability model would fit the 
available data for a variety of cell lines very poorly. (4) In one 
case, that is, for E. coli, the gaussian—-exponential submodel of 
the growth controlled model is known to apply because of the 
esults of measurements not involving cell cycle length 
cbservations. These measurements involve electron 
microscopy, molecular biological measurements and 
autoradiography. In addition, the statistical properties not 
sensitive to admixture are consistent with the model. 
Consequently, for this case we believe that admixture of a 
small amount of a more slowly growing population accounts 
for the properties mentioned in (2). (5) Because it is virtually 
impossible to eliminate the possibility of a small, slowly 
growing subfraction experimentally, the measures mentioned in 
(2) are less useful and should not be used as a point of 
argument. (6) It is argued that instead, measurements of the 
distribution of cell properties at division and at other critical 
times in the cell cycle, and the growth kinetics of individual 
cells throughout the cell cycle be used as the basis for cell 
division models that apply to the majority class of cell 
populations as other cell types are studied. (7) Although the 
TP model may function for some cell lines, a single stochastic 
even cannot be adduced as timing the cell division cycle in any 
cell line based on the available types of data. 
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The insulin gene is 
located on chromosome 11 in humans 
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The polypeptide hormone insulin is required for normal glucose 
homeostasis. Insulin deprivation results in diabetes, a disease 
affecting up to 5°, of the human population’, In some animals 
there are two insulin genes however, in most others, including 
humans, a single gene is present. The conclusion that there is a 
single insulin gene in humans is based on the finding of a single 
insulin species and on genetic studies involving mutant insulin 
alleles**. As the pattern of inheritance of insulin defects is not 
sex linked, the insulin gene must be located on an autosomal 
chromosome’. Recently, genomic DNA segments containing the 
human and rat insulin genes have been cloned and the DNA has 
been sequenced“. The fact that mouse and rat insulins are 
identical? suggests that the insulin gene sequences and 
organization are similar. A knowledge of the restriction 
endonuclease map for the human and mouse insulin genes 
enables human or mouse insulin DNA sequences to be 
distinguished in somatic cell hybrids between the two species. In 
the present study, somatic cell hybrid gene mapping 
methodologies’ have been used to determine the chromosome 
localization’ of the human insulin gene. Human—mouse cell 
hybrids with different numbers and combinations of human 
chromosomes were examined for the presence of specific human 
chromosomes and the human insulin gene using cloned human 
and rat cDNA probes. A 14-kilobase DNA fragment containing 
the human insulin gene was present in some cell hybrids and was 
easily distinguished from the DNA fragments containing the 
mouse insulin gene found in all cell hybrids. Co-existence of the 
14-kilobase fragment and chromosome 11 indicate that the 
insulin gene resolves on chromosome 11 in humans. 

Human and mouse parental cells were fused with f- 
propriolactone-inactivated Sendai virus or polyethylene glycol 
in monolayer culture and hybrid cells were cloned and 
propagated in hypoxanthine, aminopterin, thymidine (HAT) 
selection medium (see ref. 9), The cell hybrids were isolated 
and characterized by isozyme and karyotype analysis (Table 
1)?. Genomic DNA was prepared from 15 cell hybrids, each 
containing a full complement of mouse but a reduced number 
of human chromosomes. This DNA was digested to 
completion with EcoRI restriction endonuclease. The 
fragments were separated by agarose gel electrophoresis, and 
then transferred to filters by the method of Southern''. Cloned 
cDNA fragments containing the coding sequences for rat’ and 
humant? preproinsulin mRNA were labelled by nick 
translation'? and used as probes for insulin gene sequences in 
the DNA from human/mouse hybrid cells. Filters were 
hybridized and washed as described in Fig. 1 legend. Although 
the human probe cross-hybridizes with mouse DNA sequences, 
preliminary experiments showed that the best resolution of 
both human and mouse insulin sequences in cell hybrids was 
obtained by using a mixed **P-labelled probe to both rat and 
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LDH A and human chromosomes in human-mouse cell hybrids 


Table 1 The distribution of pumai insulin, 
Chromosomes” 
Hybrid Insulint LDHAt 1 2 3 4 5 6 7 8 9 10 If 12 13 14 15 i617 18 19 20 21 22 X Y 9%% 759 KAS 
WIL-2 7 i n SS G fes m- pooo p e e = m i a bo Wee 
WIL-8Y + + a ee mo ko a ee E e e a e 
TSL-2 e: — -e-e a a a aie i$ 
TSL-5 + + rr a e 
TSL-6 -~ - - = = + T a Se tee Saa ai ee ee R 
TSL-8 bast ggi a kag Sey ra = ee me s wa, Cored -e me — aa pes + + oe + —_ an, =» i 
RAS-8 + + t+ + tt tit te te -— tt +t HF HF +H + +t Ft +H tH Ft + 
RAS-9DT + + tot Rt Oe eH HE FE HE HF HE HK HF HF HF FH HH HF HF HF HF + 
SIR-§ + + tot bt FH FE HE Ft Et HF HF HE FH HF +H HK FH He + 
XTR-3BSAgA oa =~ a a i i a a T a a 
DUA-5S + + m ae a ae a 
DUM-13 + + +E ++ ttt a a a k 
 -ALR-2 + + Je be A ee “Ge ae ae eS ee 
_ JSR-6C - a a + 
-o FSR-24D + + fe be pee pe Se eae 4 SF + Se + + = + 









146, XX, (3: 17)(p21: 13) translocation eg segregate the 


[46, X, X: 3Hq26: qg13)] translocation?®. DUA (DUV x A9) and DUM 1 DUV x RAG) bade involve the r x, t(X: Sipi] ani] Fe pe E: 
Xqter-+Xpil.:i5qii-siSqter and I5pter—+15q]t::Xpil-+Xpter chromosomes?’. The ALR (AnLY x RAG) hybrids involve the [46, X, AX; 
9p24 + Dqter chromosome**. The JSR (JoStx RAG) hybrids involve the [46, XX, t(7;9}q22: p24)] transloca 


and segregates the Xqter-+Xqi2Z:: 
Tpter—+7q2 2: 9p24-+9pter chromosome?’. 


Foss tase 





In each hybrid, chromosomes have been determined by Giemsa-trypsin staining** and follow the Paris system of human nomenclature’? in addition, enzyme 
markers whose genes nave been assigned to CACR human chromosome, except the Y, have been tested on each hybrid and confirm the chromosome analysis (data wot 


shown)”: ade AR m 
+The oin gene was e mead as the 14- kilobase fragment. 


{The LDH A gene has been assigned to chromosome il by several laboratories {see ref. 30) and co-segregates with the insulin gene. 


human insulin genes and washing the filters at high stringency. 

In the control mouse cell line, three DNA fragments of 9, 
1.8 and 1.4 kilobases hybridized with °*P-labelled rat-human 
insulin probe (Fig. 1, channel 1). These results are similar to 
those obtained with rat DNA’:®. As both mouse and rat have 
two non-allelic insulin genes*, and as one of the rat insulin 
genes contains an EcoRI] site’:*, the simplest interpretation of 
the data is that one of the mouse insulin genes also contains 
an EcoRI site. Thus, three DNA fragments containing insulin- 
specific sequences would be detected. 

In the control human cell line (Fig. 1, channel 2), and in all 
human parental lines used in this study, a single EcoRI 
fragment of 14 kilobases hybridized with the rat--human *?P- 
insulin probe. This agrees with the findings of Bell et al.°, who 
showed that the human insulin gene is contained in a 14- 
kilobase EcoRI fragment. The presence of a single-size class of 
EcoRI fra; ments. of human DNA containing insulin gene 
sequences: also’ provides additional support for the existence of 
a single insulin gene in humans. 

CDNA from all 15 cell hybrids contained the mouse EcoRI 
fragments, whereas only some had the 14-kilobase human 
fragment (see Fig. 1 for representative data). The absence of 
the 14-kilobase EcoRI human fragment indicated the absence 
of the human chromosome on which the insulin gene is 
located. As the mouse sequences served as an internal 
hyridization control, the absence of the human 14-kilobase 
fragment was not due to other factors such as poor DNA 
transfer from the agarose gel or loss of DNA from the 
nitrocellulose filter. The segregation of the human insulin gene, 
human chromosomes and the chromosome 11 enzyme marker, 
lactate dehydrogenase A(LDH A) in the 15 human—mouse cell 
hybrids is shown in Table 1. All 22 autosomes and the X and 
Y chromosomes were scored both by karyotype and isozyme 
analysis (Table 1, see also ref. 9). For example, three hybrids 
(WIL-8Y, TSL-5, DUA-5) contained the human insulin gene 
but did not retain chromosome 1; it is thus obvious that the 
insulin gene is not on chromosome 1. The 14-kilobase human 
insulin fragment was invariably found when human 
chromosome {1 and LDH A were present in the cell hybrid 


Aor (Table 1}. None of the other chromosomes or enzyme markers 


co-existed with the 14-kilobase fragment (Table 1). The 
correlation of human chromosome 11 and the human insulin 
ene and the lack of correlation with any other human 












chromosome, conclusively demonstrate the- ation of this 
gene on chromosome 11. | eer: 

Restriction analysis of somatic cell f 
useful addition to genome mapping të 
which a molecular probe is available í 
laboratories have mapped the f-globi 














of chromosome 11 (refs 14-17). O1 ‘mapping 
the human insulin gene includes " dextran 
sulphate in the hybridization mixtu es s the rate 


and extent of hybridization with th 
cell hybrid DNA and 3 x 10* c.p.m. of pr 
possible to score the insulin-containing | 
than 24h exposure to a aay nim These con 


n or recovery in 10% D 20 i fetal 
tissue culture medium. These frozen cells, previoush: 
chromosomie and enzyme sateen can ‘be. ne ate 1 











the use of probes sad Et dea i a. pe detect 
both mouse and human genes permit the use of mouse genes 
as an internal standard, thus eliminating external artefacts. 

The causes of idiopathic diabetes mellitus are largely 
unknown. Some forms of the disease can be the consequence 
of the destruction of insulin-producing p cells of the paricrea: 
after viral infection or by chemicals’. One exam 
diabetes, resulting from the production of a mutant | | 
with altered biological properties, has also been reporter 
juvenile-onset or insulin-dependent diabetes — 
chromosome 6 near the human lymphocyte antig 
GLAD) may influence the susceptibility of th 
disease. The present work demonstrates this locus is 2 
the vicinity of the insulin gene. There is also a hereditary 
disposition to the most commen form of the disease, maturt y- 
onset or insulin-independent diabetes ?. If maturity-onset 
diabetes is a consequence of an altered insulin gene. the 
chromosome localization predicts that there should be a 
correlation among related diabetic individuals E 
diabetes and alleles of closely linked genes- present 
chromosome 11. Several genes have already beer Le 
specific regions of chromosome 11. The insulin gene may be 
precisely localized on chromosome 11 by examining hybrids 
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Fig. 1 Analysis of human and mouse insulin related DNA fragments 
present in restriction endonuclease digests of mouse, human and human 

mouse cell hybrid DNA. DNA was prepared from a human T-cell 
lymphoblastoid cell line, RAG mouse cells and the 15 cell hybrids listed in 
Table 1, Approximately 4x 10° cells of cach hybrid clone were obtained 
from cells previously stored frozen in 10% glycerol, 20%, fetal calf serum 
and tissue culture medium and were thawed, washed three times with 
Hank’s balanced salt solution and DNA prepared as previously 
described*°, Hybrid cells collected from monolayer culture were also used 
and prepared in the same way, 20-40 yg of high molecular weight DNA 
was obtained from 4x 10° cells. The DNA was digested to completion 
with endonuclease EcoRI. Digested DNA (10-20ug) was separated by 
electrophoresis through a 1%, agarose slab gel and transferred by the 
method of Southern'* to a nitrocellulose filter. pcRI-354 and pcHI-1 were 
labelled with **P in vitro by nick translation’? with [a-**P]dCTP and [2- 
32P]dATP (NEN) to specific activities of 1-3 x 10*°c.p.m. per pg. Before 
hybridization, nitrocellulose filters were treated for 2 days at 42 °C in 10ml 
of a mixture of 50°, deionized formamide, 5 x SSC (0.75M NaCl, 75mM 
trisodium citrate), 5x Denhardt's reagent*', 50mM sodium phosphate 
buffer (pH 6.5) and S00ygmi~' sonicated denatured salmon sperm DNA 
(Sigma). Filters were then hybridized overnight at 42°C in a 10 ml solution 
consisting of 50%, deionized formamide, 5 x SSC, | x Denhardt's reagent, 
20mM sodium phosphate buffer (pH 6.5), 200 ug mi~ ' sonicated denatured 
salmon sperm DNA, 10% sodium dextran sulphate 500 (Pharmacia)'* and 
2.5ngmi~' each of heat-denatured **P-labelled rat and human insulin 
cDNAs. Filters were then washed three times at room temperature with 2 
x SSC, 0.1% SDS for 10min each followed by three additional washes 
with 0.1 x SSC, 0.1% SDS at 50°C for 15min each. Labelled DNA bands 
were detected by exposing the filters to X-ray film for 1-5 days in the 
presence of an intensifying screen (Dupont). The insulin DNA patterns are 
shown for: (1), mouse RAG cells; 2, human T-cell lymphoblasts; 3, hybrid 
TSL-2; 4, hybrid SIR-8; 5, hybrid DUA-5; 6, hybrid JSR-6C; 7, hybrid 
TSL-8; 8, hybrid TSL-5. Fragments of HindIll-digested 4 DNA were used 
as molecular weight markers. Channels 5-8 were run on a different slab 
gel and the 1.4-kilobase (kb) mouse insulin DNA fragment migrated off 
the gel. On long exposures, the autoradiographs of several hybrids (for 
example, channels 6, 7) showed high backgrounds. On shorter exposures, 
using the 9.0-kilobase mouse insulin fragment as a reference point, the 14- 

kilobase region could be accurately scored. 


bearing translocations of this chromosome. Extensive 
information on the genetic loci of chromosome 11 may 
eventually allow the use of chromosome 11 markers to predict 
the probability of diabetes in individuals. Eventually, all or 
parts of chromosome 11 may be used in genetic engineering 
experiments for correcting diabetes in affected individuals. 
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Cytoplasmic polarity giving rise at mitosis to daughter cells with 


distinct but complementary morphogenetic functions has been 
proposed by Jaffe and co-workers to have transcellular ion 
currents as one of its essential physiological steps’. The clearest 
evidence is from fucoid eggs in which such currents have been 
shown to parallel the prospective axis of germination’”. The 
currents are caused by stabilized accumulations of cation pumps 
on one side of the cell, and of permeability channels on the 
opposite side*; they are strong enough to suggest that the 
accompanying gradient in electrical potential could have an 
electrophoretic effect on the distribution of cytoplasmic consti- 
tuents, including those that serve as morphogenetic deter- 
minants. Although ion currents correlated with axes of 
morphogenesis have thus been clearly established, their effects 
on intracellular localizations and morphogenetic activity have 
remained speculative’. We report here evidence that an endo- 
genously generated gradient in electrical potential in the 
oocyte—nurse cell syncytium of Hyalophora cecropia can, in fact, 
influence the distribution of soluble proteins in a cytoplasmic 
continuum. 

The system consists of seven nurse cells linked to each other 
and to a single oocyte by seven cytoplasmic bridges, which are 
clustered in a complex at the centre of the group (Fig. 1). The 
mitotic divisions giving rise to the eight cells entail incomplete 
cytokinesis, and the cells subsequently remain in cytoplasmic 
continuity throughout their 9-month life span. By the time 
vitellogenesis begins in the oocyte, the bridges are 30-um wide 
channels containing no membrane barriers to intercellular 
diffusion, and little evidence of orientated cytoskeletal elements 
in their core of cytoplasm’. Despite this structural simplicity, 
nurse cell products migrate into the oocyte in an apparently 
polarized fashion*”. The bridges provided an opportunity to test 
for intracytoplasmic electrophoresis because, as we showed 
previously’, the equilibrium potential of the nurse cells is several 
millivolts more negative than that of the ococyte. Furthermore, 
a negatively charged, fluorescein-labelled, rabbit serum globulin 
(FSG), when micro-injected into the oocyte, was unable to cross 
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Fly the bridges into the nurse cells, although it readily moved tn the 

opposite direction when injected into a nurse cell (Fig. 1) 
These results showed definitively that the bridges are 
polarized both electrically and in their ability to transmit pro- 
tein. Although they were thus consistent with the potential 
gradient being the polarizing force, satisfactory proof of this 
proposal needs evidence that basic proteins move through the 
\ bridges in the opposite direction from that of the acidic FSG. 
| Our first efforts to test this possibility used fluorescein-con- 
jugated histones, but were thwarted by the tendency of these 
proteins to adsorb onto cytoplasmic particles at the site of 
injection before they could diffuse to the intercellular bridges 
Cocyts | We have now repeated the experiments with fluorescein- 
J labelled lysozyme (FLy), a basic protein with an isoelectric point 
/ of 11.5, and obtained much clearer results. In 40 follicles the 
f oocytes were injected with FLy and in every case fluorescence 
A spread throughout the ooplasm, across the intercellular bridges 
and into the nurse cells (Fig. 2a, c). Fixation ranged from 1 to 2 h 
after micro-injection. In 25 additional follicles a nurse cell was 
injected and in no case did fluorescence spread to the oocyte 
(Fig. 2b, d), even after 2 h of incubation. FLy therefore crossed 
the bridges only in a direction opposite to that shown earlier for 

FSG. 

An additional difference between FSG and FLy was seen in 
their capacities to move from nurse cell to nurse cell. In the 
earlier work FSG micro-injected into nurse cells moved directly 
to the oocyte, but was never seen to enter the other nurse cells, 


FSG 





Fig. 1 Diagram of the oocyte and seven nurse cells and the 
distribution of the seven intercellular bridges that connect them. 
Also shown are examples of the behaviour of fluorescent serum 
globulin (FSG) and lysozyme (FLy) after injection into nurse cells 


Fig. 2 Fluorescence photomicro- 
graphs of follicles injected with pro- 
teins labelled with fluorescein iso- 
thiocyanate FITC by the method of 
Nairn“. Micro-injection was carried 
out hydrostatically as described 
earlier’. The follicles were incubated 
in blood from the animal diluted 1:2 
with dissecting solution’®. In dilu- 
tions as great as 1: 10, blood protein 
concentration is still sufficient to 
maintain membrane permeability 
and steady-state potentials identical 
to those which occur in whole blood. 
Following injection and 1-2h 
incubation, follicles were fixed either 
by freeze substitution (a,c) or in 
Carnoy’s acid-alcohol (b, d-A), 
embedded in paraffin, sectioned and 
examined with a fluorescence 
microscope. Photographs were 
taken with Kodak Tri-X pan film 
(ASA 400). a, c Fluorescent 
lysozyme (FLy) micro-injected into 
oocytes; b, d, FLy micro-injected 
into nurse cells. Note in b that pro- 
tein has entered a co-bridged nurse 
cell (see Fig. 1), but failed to cross 
into the oocyte. e, f, Methyl- 
carboxylated FLy (MCFLy) micro- 
injected into oocytes gave no 
detectable fluorescence in the nurse 
cells. g, h, MCFLy micro-injected 
into nurse cells. Magnification: in all 
cases shown, here and in Fig. 3, the 
width of the nurse cell cap adjacent 
to the oocyte was about 450 um. 
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Fig. 3 a, Central nurse cell micro-injected with fluorescein- 
labelled haemoglobin. The protein has passed from the injected 
nurse cell into a co-bridged cell (lower left nurse cell), into the 
oocyte and from the oocyte to varying degrees into other nurse 
cells. b, An oocyte micro-injected with fluorescein-labelled myo- 
globin. A portion of an uninjected control follicle may be seen on 
the right. This neutral protein was found to migrate throughout the 
follicle whether oocyte or nurse cell was injected. 


even when these were bridged directly to the injected cell (Fig. 1, 
centre quartet and right hand pair of nurse cells). Polarity 
apparently extends throughout the bridge complex, and 
whenever the negatively charged FSG entered this zone, it was 
unable to move in a direction away from the oocyte. By contrast, 
when nurse cells were injected with FLy, label entering the zone 
containing the bridge complex, although unable to proceed into 
the oocyte, was able to enter the nurse cells directly bridged to 
the injected cell (Fig. 2b). FLy thus seems to diffuse against the 
electrical potential gradient more readily than FSG. 

To confirm that the differences in behaviour resulted entirely 
from the positive charge of lysozyme and not in part from its 
small size (molecular weight 14,600), the electrical properties of 
this protein were altered by methylcarboxylation of its e-amino 
groups ’. The polarity of lysozyme movement in the bridges was 
now completely reversed—it behaved exactly as FSG had 
behaved in the earlier work (Fig. 2e-h), passing from nurse cell 
to oocyte (48 injections), but not from nurse cell to nurse cell or 
from oocyte to nurse cell (40 injections). To extend the cor- 
relation between charge and mobility through the bridges, we 
also injected fluorescein-conjugated haemoglobin (21 
injections) and myoglobin (28 injections), both of which have 
isoelectric points close to neutrality, and found that they were 
able to move in both directions across the bridges (Fig. 3a, b). 
When the fluorescein-labelled proteins were compared by elec- 
trophoresis in agarose plates at pH 7.0, they were found to 
exhibit the following sequence of mobilities towards the 











cathode: lysozyme > haemoglobin = myoglobin > methylcar- 
boxylysozyme = serum globulin. The charge dependence of the 
mobility of these proteins decisively supports the idea that the 
potential gradient across the bridges is steep enough to polarize 
the movement of soluble proteins. 

Is the intracytoplasmic electrophoresis observed here a 
unique adaptation to the transport requirements of the oocyte- 
nurse cell syncytium or an exceptionally clear example of a more 
ubiquitous mechanism of polarity? The widespread occurrence 
of transcellular ion fluxes in developing cells'’'’ suggests that 
intracytoplasmic potential differences are not unusual. The 
intercellular bridges, which are a special feature of our system, 
focus the potential gradient at the equator of the complex, and 
allow a qualitatively clear result in which fluorescent proteins 
either do or do not pass through to the uninjected cell. Although 
the diffusion of our fluorescent probes may prove not to be so 
dramatically restricted in polarized cells that lack an equatorial 
constriction, intercellular bridges occur more commonly than 
might be supposed. Many dividing cells generate transitory 
bridges of cytoplasm late in cytokinesis'*’*, and ionic com- 
munication through these channels attenuates gradually until 
division is complete’*. Any dividing cell that is electrically 
polarized, therefore, should generate a transiently focused 
gradient in potential steep enough to restrict diffusion to the 
degree seen here for the oocyte—nurse cell syncytium. 
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Corrigendum 

In the News and Views item on ‘Dendochronology’ by Sara 
Champion, Nature 284, 663 (1980), reference should have been 
included in paragraph four to the work of Hubert Polge and 
in particular to his paper, Br. Arch. Rep. S51, 77 (1978). 


Erratum 


In the letter ‘Inhibin is\ absent from azoospermic semen of 
infertile men’ by R. S. Scott and H. G. Burger, Nature 285, 
246-247 (1980), the following was omitted from line 13 on 
page 247 ‘relationship of inhibin concentrations to those of 
serum FSH in spontaneous disorders of the seminiferous 
epithelium has not been studied. It has been previously shown 
that a reciprocal’. 
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conservation. r t 
understanding the dhas the task 
of “maintaining the ge of wildlife 
and natural features”. Lack of funds and 
of popular support have always restricted 
the NCC in its work. During the financial 
year 1978-79 it received a grant from public 
funds of £9,535,000 of which £1,725,000 
was earmarked for the purchase of the 
Ribble marshes, a wetland area of 
international importance for birdlife which 
would otherwise have been drained and 
used for intensive arable farming. 
Unfortunately this grant is unlikely to be 
increased or even maintained in value, 
particularly in the face of economic cut- 
back. As one way of gaining support, and 
in an attempt “to widen the public debate 
in nature conservation’, the NCC asked 
-Richard Mabey to make a special study of 
the place of nature in Britain. He was 
-helped by the NCC, but was given a free 
hand to write his own book. 

For some centuries Britain has been 
fortunate in producing gifted amateur 
naturalists who have often done more than 
the professional scientists to observe and 
record our wildlife and the changes in the 
countryside. Richard Mabey is already well 
known as a worthy recruit to this body of 
men and women, and for his books which 
include Food for Free (Collins: London, 
1975) which describes the fruits, fungi and 
other delicacies which the observant may 
gather in our fields, woods and hedges, and 
The Unofficial Countryside (Collins: 
London, 1973) which deals with the city 
and suburbia, and shows how nature 
dapts to human interference, which may 
timulate the spread of many species of 
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wild plants and animals. In The Common 
Ground he deals with human effects on 
what most people consider to be the natural 
countryside of Britain. 

Of course Richard Mabey is well aware 
that almost all the landscape in Britain 
today has been affected by human activity, 
and that this situation, though changing 
year by year, has obtained for hundreds of 
years. Nevertheless, until recently, wild 
plants and animals were allowed to exist, 
often in greater numbers than were found 
in the dull and uniform forest which 
covered most of the country before 
agriculture changed the face of the land. 

Here Richard Mabey deals at some 
length with old deciduous woods. Though 
they now only cover a fraction of the 
countryside, until relatively recently they 
continued, as a result of traditional 
management practice, to be beautiful, 
diverse and fascinating to the naturalist. 
They provided recreation for many and 
biological interest to the observant. Many 
such woods have now been felled and the 
land farmed, others have been transformed 
into uniform stands of exotic conifers. 

In the same way farmland, with its 
hedges and shelterbelts, with old 
unimproved grassland and a multitude of 
ponds, allowed native species to flourish. 
In the past 30 years, farming has become 
much more productive, but the interest of 
the countryside and the abundance of 
wildlife in intensively farmed areas has 
greatly decreased. Hedges have been 
grubbed up, ponds filled and old grass 
with its wealth of wild flowers has been 
replaced with short-term leys of rye grass 
and clover. 

The description of rural Britain in this 
book, based on its author’s first-hand 
experience and his careful observation, is 
depressing to anyone with the slightest 
interest in natural history. Although only a 
few species of animals and plants have 
actually been exterminated, the num bers of 


many others have been drastically reduced. 
The whole pattern and diversity of 
landscape has been altered 
impoverished. However, Richard Mab 
no elitist. He has no time for thos 
think that conservationists s 
concentrate their efforts on safeguardi ga 
few reserves rich in rare species, where the 
public is excluded, while the whole of the 
rest of the countryside is sterilized. He 
clearly loves wildlife, and wants to share it 
with as many people as possible. To him the 
common species may be as valuable as the 
scarce, and he wants wildlife to be readily 
visible in all parts of rural Britain. 

Though the NCC has a statutory duty to 
set up and maintain nature reserves, it fully 
agrees with Mabey that these are only a part 
of its responsibilities. Experience has 
shown that isolated reserves may be of 
decreasing importance, for they may lose 
the very species that they were set up fo 
preserve. Thus Monks Wood National 
Nature Reserve, one of the few areas of ald 
woodland in eastern England, has been 
known as a site supporting rare and local 
butterflies for over 150 years, These butter- 
flies appeared to flourish in the nineteenth 
century when the wood was used for 
coppice and timber, and in the first part of 
the twentieth century when its main 
importance was as a pheasant shoot. Clear 
felling of much of the wood did not harm 
the Lepidoptera. Since 1953, when it 
became an official reserve, and has been 
managed primarily for wildlife, no fewer 
than 10 of the 14 species of butterfly m st 
sought by entomologists have disappea a 
This may partly be because of ineffic 
management; as I had this respons 
for part of the time I know that we stil 
much in ignorance of the results. But I 
think that the main reason is that a 
woodland reserve of 150 hectares (and, by 
our standards, this is a large lowland wood) 
is too small to support many insect 
populations if it is an island in an area 
from which exchange and reinforcement 
does not take place. 

How then can we encourage the return. of 
our wildlife, and how can we convince the 
public that this is something they should 
support? Richard Mabey is too honest to 
eas that he es any ay answers. He 
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does not pretend that conservation, or a 
return to the methods of previous 
centuries, will increase his income or his 
productivity. He makes a number of useful 
points about the way public and voluntary 
bodies can make minor contributions. His 
main suggestion is that ‘‘we need an 
imaginative land-use policy — a ‘land 
ethic’ — which recognizes that the fate of 
wildlife is inextricably connected with our 
own, and that nature conservation touches 
on the quality (and perhaps the 
continuance) of all our lives’’. 

I agree strongly with his views on a land- 
use policy. Earlier this year, as the then 
chairman of the Environmental Division of 
the Institute of Biology, I organized a 
conference on this very subject. In it we 
discussed the various sectional demands 
for land — agriculture, forestry, water 
collection, recreation, waste disposal, 
nature conservation. Conservationists 
were agreed that we need to find some way 
of giving priority to wildlife even when 
economic forces work in the opposite 
direction. The difficulty is to find a reason 
for wildlife conservation which is 
convincing to those not already 
committed. 

While I fully agree with Richard Mabey 
that wildlife may contribute greatly to the 
quality of life — at least of my own life, as 
one much involved in this field — I am 
doubtful whether I can support the idea 
that human continuance on the globe is in 
any way involved. I was equally worried by 
the recent World Conservation Strategy, 
produced by the International Union for 
Conservation of Nature and Natural 
Resources (see Nature 284, 113; 1980), 
which relates wildlife conservation to 
sustainable development. I fear that 
conservationists may sometimes claim too 
much. On a world scale it may be wise to try 
to preserve all species, particularly plants 
which may have an unexpected potential or 
contain genetic material which may 
contribute to better cultivars of food 
species. I personally would be very upset if 
the large wild mammals of Africa and Asia 
were exterminated, but were I a peasant 
farmer whose crops were consumed by 
slephants and whose stock was killed by 
lions I would welcome the elimination of 
animals which, to me, were pests. British 
farmers have only gained from the 
axtinction of the wolf, the bear and the 
beaver, however much some conservation- 
ists would welcome the reintroduction of 
these species. 

The modern arable farm in Britain, 
which has done so much to harm wildlife, 
has not suffered in the process. The land is 
producing higher yields, and by any 
reasonable measure the fertility of the soil 
is being steadily improved. The disasters 
arising from monoculture, reduced 
rotations and increased fertilizer use which 
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when I try to persuade a farmer to take 
active steps to encourage wildlife. I have to 
rely on aesthetic, scientific or even spiritual 
values — in fact on the ‘quality of life’. 

Fortunately many farmers are willing to 
set aside small patches of land where cover 
may develop and wildlife survive. This is 
good conservation, but it makes no 
contribution to agricultural efficiency, in 
fact it probably reduces productivity 
slightly. This is the sort of compromise 
which the late Ivor Brown described as the 
British genius for making the second best 
of both worlds. 

For, from the point of view of wildlife, it 
is only a second-best solution. If we are 
really serious, we must be prepared to 
establish far more and far larger nature 
reserves, even sacrificing good agricultural 
land for this purpose. We must also 


persuade farmers and foresters to make 
real sacrifices in productivity. Perhaps The 
Common Ground will help to produce a 
climate of opinion where such develop- 
ments are possible. In any event it is an 
excellent book which will make its readers, 
even those within the conservation move- 
ment, better informed. By showing them 
how serious have been our losses, it should 
encourage them to redouble their efforts to 
protect our wildlife. Whether it will appeal 
to the non-caring majority is another 
question. CJ 





Kenneth Mellanby was employed by the Nature 
Conservancy from 1961 to 1973, and was the 
first director of Monks Wood Experimental 
Station. He is President of the Bedfordshire and 
Huntingdonshire Naturalists Trust. 
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STARS often die very violent deaths and 
their mortal nature has caused modern 
astronomers to focus more and more atten- 
tion upon the circumstances and con- 
sequences of their demise. In so doing, 
astronomers have become astrophysicists. 
Supernovae, pulsars, quasars, black holes 
and the entire body of high-energy cosmic 
phenomena require for their elucidation a 
delicate amalgam of knowledge concerning 
nuclear and quantum physics tempered by 
an understanding of the all-encompassing 
effects of gravity. 

The more massive a star, the higher the 
temperature and rate of nuclear ignition in 
its central regions, the faster it evolves and 
the more dramatic its death throes. After 
their nuclear fuel is exhausted the most 
massive stars collapse; at first slowly but 
then catastrophically. A huge explosion 
can transform this unstable stellar state 
into a supernova explosion, expelling the 
outer layers of the star and scattering heavy 
elements and high-energy particles out into 
space in dramatically visible fashion. 

Our Sun js not in the heavyweight stellar 
league. A member of the stellar bourgeois, 
it awaits a slower and quieter death. 
Although at present it burns only about 
1016 of its 102° kg of fuel every day, 
eventually, like all stars, it will suffer an 
irresolvable energy crisis. When the in- 
ternal supply of fusible hydrogen is ex- 
hausted, exothermic fusion of other 
heavier elements must be employed to stave 
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off the pressures of gravitational collapse. 
Gravitational potential energy can be 
tapped by adjusting to a more stable 
configuration with a contracted core and 
extended outer regions. The star inflates 
and appears superficially cooler and 
redder; it has become a ‘red giant’. In such 
a bloated state our Sun would have expand- 
ed to encompass the orbit of Mars. 

As the central temperature rises inexora- 
bly, heavier and heavier elements undergo 
exothermic nucleosynthesis until a turning 
point is reached: even if the temperature is 
high enough for the fusion of elements 
heavier than iron, these fusion processes 
are endothermic. The star has now lost its 
conventional means of pressure support. 

The smallest stars, with mass less than 
~1.5 that of the Sun, can form a stable, 
compact state termed a ‘white dwarf’. To 
reach such a configuration the Sun would 
have to shrink one-million-fold to a size 
comparable with the Earth and, in so 
doing, increase its average density to about 
103 kg per cubic centimetre. It would sit 
securely locked between the opposing 
forces of gravity and electron degeneracy 
pressure. The reason gravity can be 
countered is the exclusive nature of sub- 
atomic society. No two particles of a type 
that includes neutrons, protons and elec- 
trons can occupy the same energy state. In 
cool ‘laboratory’ gases pressure is 
determined by the kinetic energy of the 
constituent molecules and energy can be 
extracted by dropping an atomic electron 
into a lower energy orbit. In degenerate 
material the energy niches fill from the 
bottom upwards and no low-energy slots 
are left vacant. The density, rather than the 
temperature, determines the kinetic energy 
of the electrons. Once in the white dwarf 
state a dying star can only cool to a dark 
ember. Such are the non-linearities of 
gravity that, the larger a star in its youth, 
the smaller the dwarf it becomes in death. 

If a star exhausts its nuclear fuel when a 
little larger than 1.5 Suns, its internal 
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stresses can become so large that electrons 
are eventually t heir atomic orbits 
and crushed i in clei. The result is a 
closely. packed ice. of about 10°? 
neutrons, squ; o-a nuclear density 
one-billion times higher than within a white 
dwarf. A. strongly repulsive degen- 
eracy pressure now. arises between the 
neutrons and the. queezing is halted, even- 
















tually leaving a. ‘neutron star’ in stable 
equilibrium, ¥ kilometres in 
diameter. Free ne ecay into protons 


and electrons i in al minutes but the 
neutrons in a ne tron. star, like those 







dwar utron stars have 
been observed by radio, X- and gamma- 
ray astronomer rapidly rotating 
neutron. stars. provide an explanation for 
the ‘pulsar’ phenomenon. 

The fate of: the heaviest stars is well 
known to the. average reader: unstoppable 
collapse to a ‘black hole’ state of ever- 
increasing density. A point of no return, 
the ‘event horizon’, is encountered by 
infalling material and, no known forces can 
support the star once it has been encom- 
passed by this surface. The collapse pro- 
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ceeds inevitably to an unknown singular 
state. 

This is the exotic life-cycle of stellar 
bodies and its documentation often re- 
quires a description of matter in gravita- 
tional fields too strong for Newton’s 
classical theory to be accurate. And this is 
the world that the Sexls equip the student to 
explore. White Dwarfs, Black Holes is a 
translation of a new edition of their suc- 
cessful German text explaining the nature 
of general relativity, gravitational waves, 
relativistic astrophysics and elementary 
cosmology. It is clear and concise, didactic 
in style and eminently suitable for final- 
year undergraduates in physics or 
astronomy. General relativity is described 
in qualitative terms (no prior familiarity is 
assumed and no tensor analysis is 
developed in the text) with a good 
description of its experimental status 
although, unfortunately, the observations 
of the binary pulsar are not included. The 
authors maintain a good balance between 
theory and observation by concentrating 
upon hard, testable results rather than 
speculative possibilities. However, it is odd 
to see some of the theory of primordial 
nucleosynthesis developed without a 
glimpse at the observational data on cosmic 
abundances of very light elements. The 










authors use physical reasoning. whe ey 
possible and avoid the use of ines: 
mathematics. SI units are used throu 
and illustrations ere skilfully employe: 
augment, rather than merely re-stat 
textual material. A series of exercises 
scattered through the text and many ha 
‘solutions’ provided. Some of the 
questions are a litzle too open-ended to be 
useful for private study because specific 
background references are not provided. 
Unfortunately referencing is often. 
scanty and imprecise. There is a consider- 
able amount of name-dropping in the text 
without reference to sources or follow- -up 
articles, and the bibliography is. & g- 
gorized in a fashion that may be toog er | 
for students, A list of specific semi-pop 
articles would have been useful he 
these are second-crder problems in a book 
that is clearly written, well produced and 
realistically pricec. I recommend it to any 
student who is contemplating graduate 
work in astrophysics, to teachers seeking a 
well-ordered foundation course, or indeed 
to anyone curious to know what relativistic 
astrophysics is about. = 













J.D. Barrow is a Research Lecturer in. the 
Department of Astrephysics at the Usiversity oF 
Oxford, UK, 





Experts. on: vac ua 





John Verwood 


Methods of Experimental Physics. Volume 
14, Vacuum Physics and Technology. 
Edited by G.L. Weissler and R.W. 


Carlson. Pp. 593. (Academic: New York 


and London, 1979.) $55, £13.80. 


THIS BOOK contains a great deal of useful 
information, concisely and well-written by 
a number of American authors, all of 
whom are widely experienced in vacuum 
Science and technology and have up-to- 
date knowledge gained in academic or 
industrial research. 

_ The difficulty in judging the book is to 
assess at whom it is aimed. Despite the fact 
that the purpose (according to the title of 
this series) is experimental, a fairly sophi- 
sticated mathematical notation is almost 
always used by the authors so that a reader 
of that useful type of person — the 
technician — is, by and large, ruled out. 
The style is really more suited to the post- 
graduate student of science or technology. 

_. Roughly the first half of the text is 
‘concerned with the production and 
measurement of vacuum (mostly high and 
ultrahigh). Although the authors 
frequently give ideas and explanations 
„which are novel, the topics concerned have 
Teceived much attention in textbooks and 


©. journals over the past 30 years or so. One 


“wonders, therefore, whether it wouldn’t 
ave been preferable to omit most of the 





well-worn material and concentrate on the 
more novel second half, beginning 
with “‘Metal Vacuum Systems and Com- 
ponents’’. Here, modern information is 
provided about components and materials 
and their most effective use in the design of 
vacuum systems for specific applications. 
The book contains no information 
about how the undergraduate student 
should go about undertaking practical 
work in vacuum science and technology. 





First of a series on 
inflammation 


G. P. Lewis 


Handbook of Inflammation. Volume }, 
Chemical Messengers of the Inflammatory 
Process. Edited by J. C. Houck. Pp.422. 
(Elsevier/North-Holland: Amsterdam and 
New York, 1979.) $75, Dfl. 154. 








IN THE introduction to this first volume 
of the Handbook of Inflammation, the 
editor, John C. Houck, gives a splendid 
though brief account of the various steps in 
the inflammatory process. The book has 
then been arranged so that the mediators 
connected with each stage have been 
discussed. 

Our old friend histamine comes first, but 
brought up to date in a very interesting 
way. In addition to the work of recent years 
on H, receptor-mediated actions, the 
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However, it will be most useful to the 
member of academic staff who is 
concerned with the development of such 
practical experiments and wishes to write 
them up satisfacterily for undergraduates, 
students beginning research and for alpen 
Short courses. o 


i 





John Yarwood retired in 1978 as Head of 
Physics at the Polyzechnic of Central London, 
UK, and is the editor of Vacuum. 
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author reviews current ideas on the 
possible regulatory function of histarnine 
on activities of inflammatory cells. This 
theme of cell-cell interactions mediated by 
soluble mediators is taken up again later i in 
the book in several chapters. Lympho- 
kines, which were originally thought only 
to be the soluble products of activated 
T-lymphocytes, have now been shown to 
be not strictly restricted to immune 
activation pathways. The author of this 
particular chapter points out that release of 
soluble intracellular mediators might bea 
basic method of biological communication 
and describes lymphokines and cytokines 
as a plethora of inflammatory mediators 
which even includes viral and- immune 
interferon. 

The kinin system is described in sae 
detail with the emphasis on biochemical 
aspects; only two of the 46 pages cover the 
role of kinins in inflammation. The review 
very adequately covers the relationships 
between the kinin and fibrinolytic svstems 
and Hagemann factor, and the repetition 
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of much of this in a later chapter on 


Hagemann factor seems to be unnecessary. 
There have been so many reviews on 
prostaglandins in the past year or so that I 
was pleased to see only one modest chapter 
on this subject. But with the increasing 
knowledge of the importance of products 
of arachidonic acid metabolism other than 
prostaglandins, it seems unfortunate that 
this chapter did not include more 
information about thromboxane and the 
lipoxygenase products including SRS-A. 

The book includes a very comprehensive 
chapter on complement and chemotaxis in 
which old and new methodologies in this 
complicated field are explained and 
compared. 

In addition to discussions on mediators 
which might affect intracellular activities, 
there are two accounts of some cellular 
components which might be affected and 
which might play a role in the tissue 
damage which accompanies chronic 
inflammatory conditions. These are the 
lysosomal enzymes of which we are told 
there are more than 40 which are mostly 
hydrolytic and the acid cathepsins. They 
might well play a role not only in causing 
tissue damage but also in the formation of 
biologically active degradation products. 


Nature Vol. 286 3 July 1980 


a eA ARAL A RAR RAT A AAR RA A A I A aeee aaeeea 


But in spite of an enormous amount of 
research in this field, the extent of the 
involvement of these enzymes is not 
known. However, the discussions include 
an interesting description of the control 
mechanisms involved which might give a 
pointer to the direction that future work 
should take. 

Volume | concludes with three fascinat- 
ing chapters about factors controlling the 
growth of cells. Many of us who have 
become familiar with the mediators of the 


~ vascular changes and cell migration and 


activation in inflammation are not so 
familiar with growth factors and their 
inhibitors. The significance of macrophage 
growth factor in biology, for example, is 
just beginning to emerge. The future will 
reveal how important are the factors 
controlling differentiated cell populations 
at sites of inflammation and their role in 
inflammation and tissue repair. 

Not only is the proliferation of 
inflammatory cells a significant aspect of 
inflammation but the proliferation of 
endothelial cells in growing blood vessels is 
also important, particularly in tissue 
repair. The editors decided to cover this 
aspect with a review on tumour 
angiogenesis which I personally found 


exciting and stimulating. 

Finally we are treated to another 
fascinating account, this time about 
chalones, the tissue-specific inhibitors of 
cell proliferation. The chapter starts with 
the story of the early theoretical 
considerations and the early experimental 
evidence for the existence of chalones, and 
goes on to describe the arguments of 
mitotic stimulators versus mitotic 
inhibitors. A final glimpse into the future 
suggests the possibility of inhibiting the 
mast cell proliferation in Urticaria 
pigmentosa with a mast cell chalone. 

There is no doubt that this first volume 
of the Handbook is a valuable addition to 
the literature on inflammation. It is a pity 
that the book, superficially well produced, 
has suffered from deplorable copy-editing 
and proof-reading — over 200 
typographical and grammatical errors, and 
discrepancies in the references, have been 
noted in just two chapters. A list of these 
has been sent to the publishers, who will 
hopefully take greater care over 


ou, 


subsequent volumes. = 





G. P. Lewis is Professor of Pharmacology in the 
Institute of Basic Medical Sciences, Royal 
College of Surgeons, London, UK. 





Science from the 
Serengeti 





| Hans Kruuk 





Serengeti: Dynamics of an Ecosystem. 
Edited by A.R.E. Sinclair and M. Norton- 
Griffiths. Pp.389. (University of Chicago 
Press: Chicago and London, 1980.) 
$28.50, £17.10. 





THE STREAM of papers emanating from the 
once so active Serengeti Research Institute 
has dwindled over the past decade, and the 
Institute is now only a shadow of its former 
self. The large concerted effort by scientists 
from many disciplines to provide an 
ecological basis to the management of this 
huge ecosystem in Tanzania has virtually 
stopped. What is the result of all this 
effort? Serengeti is a sample of the diversity 
of output of the Serengeti Research 
Institute, with contributions from a dozen 
of its former scientists; the book is an 
attempt to take stock, and to evaluate some 
of the research in terms of conservation 
and management. It is clearly focused on 
the phenomenon for which the Serengeti is 
justly famous, the vast population of 
migratory ungulates. 

Of the 13 chapters, three by A.R.E. 
Sinclair describe the Serengeti back- 
ground, the history and the migrations of 
its animal populations; the interactions 
between the most important migratory and 
resident ungulates and the vegetation are 
studied in detail in a further four chapters 





memrtn 


by S.J. MacNaughton, P.J. Jarman and 
Sinclair, L. Maddock, and M. Norton- 
Griffiths. C.J. Pennycuick analyses the 
cost of locomotion to the migrants, R. 
Hilborn and Sinclair describe simulation 
studies of the Serengeti populations, and 
P.J. and M.V. Jarman compare ungulate 
social organizations. Three chapters, one 
by B.C.R. Bertram, one by J.P. Hanby 
and J.D. Bygott, and one by D.C. 
Houston look at the large predators and 
scavengers, their social systems, 
population changes and adaptations to the 
herbivore migrations. 

The book is more a collection of distinct 
individual contributions than a united 
evaluation. However some of these con- 
tributions are outstanding; I was particu- 
larly struck by MacNaughton’s beautiful 
experimental approach to the grazing 
relationships. Norton-Griffiths’ clear 
analysis of the relation between animal 
populations and movements, climate, fire 
and other factors in this huge ecosystem 
should be an example to many other studies 
in this field. The predator chapters give a 
summary of much of the work that has 
been done on the Serengeti carnivores, and 
they indicate once again the complicated 
consequences for the carnivores’ social 
organization of a rapidly increasing prey 
population. At the end of the book there is 
a useful list of over 300 references to the 
scientific publications of the Research 
Institute. 

In general, the quality of all the chapters 
is good, and the book is full of fascinating 
observations which more than overshadow 
its shortcomings. One feels the absence of a 
chapter on the botanical and soil studies 
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carried out in the Serengeti — everything is 
seen through zoologists’ eyes. The two 
introductory chapters with their categoric 
statements fall somewhere between reviews 
and new contributions, without doing full 
justice to either of these functions. 
Scientific modesty would be served if it 
were pointed out that present population 
levels of ungulates are well above anything 
that was predicted as ‘equilibrium’ only a 
few years ago, thus indicating some of the 
limitations of the work of ecologists in such 
an ecosystem, even when the most elegant 
predictive models are used. And clearly it is 
prudent not to attempt to explain these 
population increases only in terms of the 
eradication of rinderpest in the early 1960s, 
since non-vulnerable species also increased 
— a fact conveniently forgotten in some of 
the chapters. 

These are relatively minor grumbles, 
however, as are the irritation of the 
printing errors and the unaccredited 
photographs in one batch in the middle of 
the book which are not related to the text. 
What I missed most of all was a final 
chapter by the editors in which they could 
have pulled the strings together instead of 
leaving the papers as separate entities. 

Despite all this, the book stands as an 
important monument to the efforts of the 
Serengeti Research Institute, and I have no 
doubt that it will be a work of reference for 
many studies elsewhere. I hope that before 
long the Institute itself will again be in a 
position to make full use of it. [a 
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Hans Kruuk is a Principat Scientific Officer at 
the Institute of Terrestrial Ecology, Banchory, 
UK. 
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Microwave 
spectroscopy 








H.W. Kroto 


Modern Aspects of Microwave 
Spectroscopy, Fated by G.W. Chantry. 
ader : London and New 









any ch pte 
oO “previously Subliehed 
reviews, often b same authors. On the 
whole this book is better than average on 
these three scores and, indeed, microwave 
spectroscopy is one of the few areas for 
which there does not exist a surfeit of such 
books. 

The first chapter “Microwave Spectro- 
meters” (G.W. Chantry.and G. Roussy), 
gives rather brief. general descriptions of 
various experimental techniques which are 
used Lo carry out microw ve spectroscopy. 
iseful overview I felt 
the chapter was too short to cover micro- 
wave hardware. in sufficient depth. The 
technical aspects are important as 
microwave spectrometers are no longer 
commercially available. The chapter has a 
comprehensive compilation of references. 

The second and third chapters are 
entitled ‘*Microwave-Microwave Double 
Resonance” (J.G. Baker) and ‘‘Infra Red- 
Microwave Double Resonance Tech- 
niques’’ (H. Jones), respectively. Both are 
very useful, detailed reviews of the double- 
resonance method. They complement each 
other well and are presented at about the 
right level. The latter includes a section on 
optical-microwave experiments and so the 
two chapters, taken together, give a quite 
comprehensive survey of a technique which 
has revolutionized high-resolution 
molecular spectroscopy. 

The fourth chapter on modern submilli- 
metre microwave scanning spectroscopy, 
by A.F. Krupnov, highlights recent 
advances in the automation of the 
beautiful wide-band millimetre wave 
scanning spectroscopy technique 
pioneered by this author. The techniques 
described here would be useful were they 
available to the scientific community. 
However, the direct experimental value of 
this chapter is limited because the necessary 
high-power microwave sources appear 
only to be available in the military 
installation at Gorki in the USSR. 
Chapter 5, by J.W. Fleming, deals with 
terferometric spectroscopy at millimetre 

id submillimetre wavelengths. Although 


sically e 
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this is a useful review of the technique, I 
find it a curious choice for this collec- 
tion, though it does give a welcome change 
of pace. I suspect that the audience for the 
other articles is biased towards higher 
resolution techniques and that this review 
may not be readily found by those to whom 
it would be most valuable. 

The last contribution is yet another 
review on interstellar molecules, entitled 
“Astrophysics of Interstellar Molecules” 
(G. Winnewisser, E. Churchwell and C.M. 


Walmsley), and it is valid to ask whether ~ 


another review is justified. This one is. It 





presents a different perspective asitismot e ? 
strongly biased than previous yi 
towards spectroscopy — as i$ appro g 
for this volume. It is well balanced and 
covers the appropriate material compre- 
hensively from a microwave spectro- | 
scopists point of view. In addition it is up to 

date with numerors useful tables. 

In all, this is a timely volume for the 
practising microwave spectroscopist. 2 












H.W. Kroto is a Reader in Chemistry in the 
School of Molecular Sciences, University of 
Sussex, Brighton, UX. 





A weather 
controversy 





M.W. Moncrieff 


Weather Modification. By G. Breuer. Pp. 
178. (Cambridge University Press: 
Cambridge, UK, and New York, 1980.) 
Hardback £10.50; paperback £3.75. 








WEATHER modification is an emotive sub- 
ject among meteorologists, and over the 
past few decades there has been a great deal 
of controversy. The physics and dynamics 
of atmospheric phenomena are more com- 
plex than most physical systems and, more 
often than not, incompletely understood. 
However, the potentially significant social, 
agricultural and economic rewards of suc- 
cessful weather modification have ensured 
that a considerable amount of financial 
backing has been available for experi- 
ments, often in the absence of sufficient 
scientific knowledge. The ‘seeding’ of 
clouds by silver iodide crystals to enhance 
rainfall is one example of how a laboratory 
technique was applied to real atmospheric 
clouds before a quantitative knowledge of 
the physics and dynamics of these systems 
was available. This book illustrates the 


basic gulf between the practical application.. 


of simple techniques to control complex 
dynamical systems, with a considerable 
number of commercial, political and 
economic consequences, and the back- 
ground of insufficient theoretical under- 
standing. It is no surprise that debate exists 
with such contrasting motivations sur- 
rounding the subject. 

The book, in three chapters, is generally 
well written and is informative to the non- 
specialist, and the above-mentioned gulf 
between theory and application is well 
documented. It is not intended for the 
specialist, who might be irritated by the 
large amount of speculative science and 
continual reference to political and mili- 
tary application; this is especially true of 
the last chapter. However, the extensive 
bibliography is useful to both specialist and 
non-specialist. In general, a balanced view- 
point on a highly controversial topic is 
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retained, and the layman should. obtain 
much useful information. 

The first chapter provides a b packgroutid 
largely dealing with the philosophy and 
history of the topic, and brings out the 
controversies of the subject, particularly 
that related to cloud seeding. The intro- 
duction to the basic physics is wr 
fortunately rudimentary and out of date. 
The reader may be left with the mistaken 
impression of cloud physics and dynamics 
being a very imexact science; recent 
advances in computational and mathe- 
matical techniques are not considered and 
the cloud models are typical of those seen in 
school textbooks. An important aspect 
stressed is the inadequate statistical signifi- 
cance tests in most cloud-seeding experi- 
ments, recognized as a major criticism of 
the subject in general, 

The second chapter is undoubtedly the 
most quantitative and scientific; subjects 
such as fog dispersal, seeding of convective 
and orographic clouds, hail and lightning 
suppression, and the modification of hurri- 
canes are discussed. The author covers 
experiments in many countries, mainly the 
USA, USSR and Australia. An interesting 
historical review of the basis of cloud- 
seeding, beginning with Langmuir’s first 
laboratory experiments and the initial 
euphoric and extravagant claims made 
about weather control, is included. The 
seeding of cumulus clouds is reviewed in 
some detail, but the seeding of orographic 
clouds has probably been the most suc- 
cessful and has the best history of con- 
trolled scientific experiment, especially in 
the USA. It is no surprise that the modi- 
fication of hurricanes has achieved little 
success. since the basic dynamics, paf- 
ticularly in the growing stages, Hot. well 
understood. The most speculs 
cussion is centred on the modification of 
large-scale weather systems and climatic 
change. This has not yet been deli sly 
attempted, although man-made effects, 
such as carbon dioxide production due to 
industrialization, affect climate although 
their importance is debatable. The possible 
causes of climatic change are not reviewed 
in any detail, but these are also beyond the 




















scope of the book. The economic and 
politk 






litical interests in weather modification, 
particularly in cioud seeding, are des- 
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cribed. The importance of the financial 
support by these interests is probably con- 


siderable; scientific support in the subject 
is, by contrast, largely a by-product of 
more fundamental research. 

The last chapter is mainly speculative 
and qualitatively deals with social, 
economic and legal aspects; this chapter is 
more suitable for the non-scientist. I feel 
that it is somewhat laboured, could have 
been condensed considerably and is some- 
thing of an anticlimax. The importance of 





military and political interests in research 


and experiment are again brought out, and 
perhaps this, above all, emphasizes the lack 
of proportion in the weather-modification 
picture. Indeed, it is not clear from this 
book that the present approach to weather 
modification is any more scientific than the 
original experiments in cloud seeding. C] 





M. W. Moncrieff is a Lecturer in Atmospheric 
Physics at Imperial College, University of 
London, UK. 





Rats in the lab 


Maurice Smith 


The Laboratory Rat. Volume I, Biology 
and Diseases. Edited by H.J. Baker, J. 
Russell Lindsay and S.H. Weisbroth. Pp. 
448. (Academic: New York and London, 
1979.) $52.50, £29.40. 








Tuis 18 the first of two volumes on the 
laboratory rat, following earlier 
publications on the laboratory rabbit and 
guinea pig which were also sponsored by 
the American College of Laboratory 
Anima! Medicine. . 

Contributions from 24 authors have 
been brought together in 15 chapters and 
two appendices, forming a most compre- 
hensive reference work. The success of the 
editors in consolidating the technical 
material available has been balanced by 
their equivalent success in producing a 
readable and yet authoritative work which 
should be available for reference by almost 
any worker using laboratory bred rats. This 
is best illustrated by the first chapter which 
describes in great detail and clarity the 
origin of the major outbred strains and the 
early development of inbred strains. 

That this is a mainly American story is 
some reflection of the earlier recognition 
by the American research world of the need 
for defined laboratory animals. However it 
is significant that despite the understand- 
able selection of authors mainly from the 
USA, those asked to write the chapters on 
taxonomy, genetics and inbred strains were 
British, which is due recognition for the 
work done in Britain on this aspect of 
laboratory animal science. 

The biological chapters in the first half 
of the book cover genetics, anatomy, 
physiology, haematology, clinical bio- 
chemistry, nutrition, feeding and housing. 
They show a refreshing recognition of the 
relationship between biological and experi- 
mental variables, which is sometimes not 
adequately recognized by those using 
animals as experimental tools. 

One of the best examples of this 
approach is Chapter 8, ‘Housing to 
Control Research Variables’’, which 
replaces what could have been a standard 
chapter on housing with a consideration of 
the effects of physical, chemical and micro- 


bial factors on biological responses. 

The chapters on disease are without 
exception well done and each may be 
considered a definitive text in its own right, 
especially when supported by the very 
comprehensive references which are a 
characteristic of the book as a whole. 

There are, however, occasional 
anomalies which could cause misunder- 
standing among British readers. Examples 
of this are the description of 
Corynebacterium kutscheri as the 
causative agent of pseudotuberculosis, 
which in the UK is usually attributed to 
Yersinia pseudotuberculosis. Also, at no 
point is the term chronic respiratory disease. 
(which is generally recognized in the UK) 
used in reference to respiratory infection. 
There is a tendency to deal with respiratory 
infections as quite separate conditions, and 
the mixed nature of the outbreaks of 
respiratory disease so commonly found in 
conventional rat colonies is not sufficiently 
emphasized. 

It is particularly gratifying that chapters 
on neoplasia and lesions associated with 
ageing have been included, while the 
chapter on human health hazards will 
prove very useful to those involved with 
safety problems in animal units. 

The appendices on drug dosage and 
selected normative data are welcome and 
useful additions. It is to be hoped that some 
consideration may be given to the enlarge- 
ment of these sections in future editions. 

The book is profusely illustrated 
throughout with black and white photo- 
graphs of excellent quality together with 
more-than-adequate tables, diagrams and 
figures. Understandably, colour has not 
been used, but despite this the quality of 
the publication with its strong hard-backed 


binding is of the high standard one has. 


come to expect from ACLAM. 

Volume I of The Laboratory Rat is 
without doubt a timely and very welcome 
addition to the literature. I await Volume 
Il, Research Applications, with 
considerable interest and with the certain 
knowledge that The Laboratory Rat will 
become the standard work of reference on 
this subject. 0 
i a St E a eee 
Maurice Smith is Director of Central Animal 
Services at the University of Cambridge, UK, 


and Laboratory Animal Consultant to the Open 
University, Milton Keynes, UK. 
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in perspective 


Barry Cross 


Oxford Reviews of Reproductive Biology. 
Volume 1, 1979. Edited by C.A. Finn. Pp. 
485. (Clarendon/Oxford University Press: 
Oxford and New York, 1979.) £30. 





UNLIKE several biological disciplines of 
recent origin, the biology of reproduction 
has cast its spell on enquiring man for 
centuries, if not millenia. Even so the 
acceleration of activity in the last three 
decades has been remarkable, with 
research proliferating in the new uni- 
versities and colleges as well as in long- 
established academic institutions. Whereas 
40 years ago reproductive research was 
almost exclusively a male preserve, the 
recession of sex discrimination has brought 
a tide of female workers to reproduction 
laboratories, much to the advantage of the 
subject. Dr Anne McLaren FRS is the 
chairman of the editorial board of this 
annual review series and two of the 
chapters in the first volume are written by 
talented women scientists. 

The book contains seven reviews of 
uniformly high quality, clearly written and 
appropriately comprehensive. The 
authors, who are all at the height of their 
investigative careers, do not skimp, 
plagiarize or patronize the reader. They dig 
deep into the foundation of their respective 
subjects often referring to much earlier: 
work, and critically examine much present- 
day dogma.The mix is certainly not what 
one would expect to find in a textbook on 
the subject or in an introduction for the 
educated layman. It perhaps most 
obviously reflects the impact of refine- 
ments in chemical techniques on 
physiological problems. We have 
authoritative discussions on the current 
status of relaxin (D. G. Porter), uterine 
proteins (R. J. Aitken), molecular biology 
of spermatogenesis (A.R. Bellvé) and 
preservation of semen (P. F. Watson), as 
well as on the established favourites — 
sexual differentiation of the brain (J. E. 
Booth), control of gonadotrophins (C. A. 
Wilson) and milk secretion (R. C. 
Richards). All are treated in a refreshing 
way and make stimulating as well as 
informative reading. 

The text is efficiently edited by Professor 
C.A. Finn and contains very few misprints. 
Some readers may feel that the scarcity of 
figures is a disadvantage and that the 
quality of some of the micrographs in the 
plates at the end of the book is not very 
impressive. 

‘But these are small defects, and annual 
reviews in the series will be eagerly awaited. 
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Barry Cross is Director of the ARC Institute of 
Animal Physiology, Babraham, Cambridge, 


UK, and Head of its Neuroendocrine Group. 
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Awards 


The Harvey Prize in Science and 
Technology for 1980 has been awarded to 
Professor Michael O. Rabin (Hebrew 
University); the Harvey Prize in Human 
Health for 1979 is awarded to Professor 
Ephraim Racker, (Cornell University). 


The Hamburg Foundation Jung-Stiftung - 


fiir Wissenschaft und Forschung has 
awarded the Ernst-Jung-Prize for medicine 
1980 to Sir Alan Parks, (St Mark’s 
Hospital, London). 


The lst Margaret Grant Memorial 
Fellowship has been awarded to E. Shyam 
Prasad Reddy (Centre for Cellular and 
Molecular Biology, Regional Research 
Laboratory, Hyderabad, India). 


The following Junior Beit Fellowships for 
Medical Research have been awarded: 
David John Adams; lan Brown; Elizabeth 
Gready Hill; Elinor Nancy Lupton; 
Alexandra Marie Thomson. 


The Geological Society of London has 
made the following awards for 1980: The 
Wollaston Medal to Professor Augusto 
Gansser; The Murchison Medal to 
Professor J.V. Smith; The Lyell Medal; to 
Professor J.R.L. Allen; The William 
Smith Medal to Mr G. Armstrong; The 
Wollaston Fund, Murchison Fund and 
equal moieties of the Lyell Fund to Drs 
R.H. Sibson, M.P. Coward, G.S. Boulton 
and M.R. Leeder, respectively; The 
President’s Awards to Drs A.P. Heward, 
J.K. Leggett and B.W.D. Yardley. 


The Institute of Physics has made the 
following awards for 1980: Charles Vernon 
Boys Prize to Dr A.E. Costley (National 
Physical Laboratory, Teddington); 
DuddellMedal and Prize to Professor A.V. 
Crewe (University of Chicago); Max Born 
Medal and Prize to Professor Dr H. 
Faissner (Rheinisch-Westfalische 
Technische Hochschule, Aachen); 
Glazebrook Medal and Prize to Mr M.C. 
Crowley-Milling (CERN, Geneva); 
Guthrie Medal and Prize to Professor 
M.E. Fisher (Cornell University); Maxwell 
Medal and Prize to Professor D.J. Wallace 
(University of Edinburgh); Rutherford 
Medal and Prize to Professor P.G. 
Murphy (University of Manchester) and Dr 
J.J. Thresher (Rutherford Laboratory, 
Didcot); Prize for the 1979 Graduateship 
Examination of the Institute to Mr 
D.B.Mackay (Napier College of 
Commerce and Technology, Edinburgh); 
Honorary Fellowship of the Institute to 
Professor V.F. Weisskopf (Massachusetts 
Institute of Technology). 


Person to person 
The Bioelectrochemical Society (BES) 


has been founded with the aim of — 


stimulating cooperation among all 
scientists interested in the 
investigation, interpretation and 
practical utilization of biological 
phenomena by using electrochemical 
theories and methods. For 
information apply to Prof. Dr H.W. 
Nürnberg, Institute of Chemistry 4 
Applied Physical Chemistry, Nuclear 
Research Center, PO Box 1913, 
D-5170 Jülich, FRG. 


in 1967 a meeting of British research 
workers in the mucopolysaccharide 
field resulted in the formation of a 
Club. One of the first meetings, with 
the French Connective Tissue Club in 
Paris lead to the formation of the 
Federation of European Connective 
Tissue Societies FECTS which met for 
the first time in 1968. In September 
(1980) the Collagen Club and the 
Mucopolysaccharide Club come 
together to form the British 
Connective Tissue Society. 


Information on intra-thecal overdoses 
of penicillin is required by J.L. Kay, 
14 Ardayre Rd, Prestwick, Scotland. 
Any factual documented source 
would be helpful, perhaps reference to 
toxic effects, such as to the brain and 
central nervous system, clincial tests, 
possibly information on animal 
experiments in related fields and LD 
50 tests. 


Harvard professor seeks for January 
1981 to June 1981 furnished house or 
flat, preferably in Central London, 
suitable for two persons plus guest 
room and study. No children or pets! 
If exchange is desired: Our 
3-bedroomed house is in Lexington 
(Boston area), 15 min from Harvard, 
20 min from MIT, MGH, on I acre 
among trees. Write to Mrs G., Holton, 
14 Trotting Horse Drive, Lexington, 
Massachusetts 02173. 


A scientist would like to exchange — 
for | year beginning September 1980 
— 3-bedroomed house in an attractive 
Jerusalem suburb (4 miles from 
University campus, convenient to 
University and Medical centres, fully 
furnished for similar or smaller house 
or apartment in London. M. 
Goldberg, Bet Zeit 63, D.N. Harei 
Yehuda, Israel. 
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Appointments 


Dr J.E. Eastoe is appointed to the Chair of 
Oral Physiology in the University of 
Newcastle upon Tyne from l October 
1980. 


Dr David Phillips has been appointed to 
the new Wolfson Chair of Natural 
Philosophy in the Royal Institution which 
was recently endowed by the Wolfson 
Foundation. 


Professor M.H. Williams, currently 
Professor of Computer Science at Rhodes 
University, Grahamstown, South Africa, 
has been appointed to the Chair of 
Computer Science at Heriot-Watt 
University, Edinburgh. 


Professor Harold W. Woothouse has been 
appointed Director of the John Innes 
Institute, Norwich, and Professor of 
Biology in the School of Biological 
Sciences at the University of East Angha 
from 1 October 1980. 


Dr Paul Freeman has been appointed 
Director of the Department of Industry’s 
National Engineering Laboratory at East 
Kilbride to succeed Mr Denis Mallinson. 


Meetings 


16-18 July, Tropical Animal Production, 
Merida (Centre for Tropical Animal 
Production, Escuela de Medicina 
Veterinaria, Universidad de Yucatan, 
Apartado 116D, Merida, Mexico). 

21-15 July, Soil Conservation, Bedford (Dr 
R. Morgan, NCAE, Silsoe, Bedford, UK). 
23-25 July, 590th Meeting of the 
Biochemical Society, Sheffield (The 
Biochemical Society, 7 Warwick Court, 
High Holborn, London WC1, UK). 

1-4 September, Environment and Safety 
Exhibition and Conference, London 
(International Environment and Safety 
Exhibition and Conference, London 
(International Environment and Safety, 
Labmate Ltd, Newgate, Sandpit Lane, St 
Albans, Herts, UK). 

3-5 September, Polymerizatioa Mecha- 
nisms, Liverpool, (Dr John Gibson, The 
Royal Society of Chemistry, Burlington 
House, London W1, UK). 

9-11 September, Industry and Environ- 
ment, Loughborough (Administrative 
Officer, I & E Conference, University of 
Technology, Loughborough, 
Leicestershire, UK). 

15-18 September, Oxygen and Life, 
Birmingham (Dr J.F. Gibson, The Royal 
Society of Chemistry, Burlington House, 
London W1, UK). 

15-19 September, Management Studies for 
Chemists, Slough (Miss L. Hart, The Royal 
Society of Chemistry, 30 Russell Square, 
London WC1, UK). 
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The decision of th 







ted States House of Representatives to 
fall in with the Pen ; request for funds to manufacture 
chemical weapons agai serious, even a sombre, development. 

For the best part of a decade, both the Administration and 
Congress have been more concerned with the disposal of chemical 
weapons than their p tion. From time to time, the US Army 
has excited public interest and anger by its often clumsy 
arrangements for shipping unwanted chemical munitions about 
the place, with the consequence that the dumping of useless 
weapons at sea has been superseded by more rational techniques 
for the chemical decomposition of the active ingredients. 

Although the munitions disposed of by these means have usually 
been unserviceable or even unsafe, the mere act of disposal has 
chimed in well with the widespread belief that preparations for 
chemical warfare would serve no useful purpose, and might even 
damage the discussions between the Soviet Union and the United 
States about the form that might be taken by an international 
convention to prohibit chemical weapons. To be sure, the 
Pentagon has made n of its ambitions to get back into the 
production business. yngress (the paymaster) has been 
stolidly unwilling to yw, it appears, all this has changed 
(see page 100). Lasts yuse of Representatives agreed to 
provide the US. Arr e funds needed to clear a site in 
Arkansas: In the ne weeks, it is almost certain that the 
appropriation for: plant to manufacture binary chemical 
munitions will follow. ‘Why has there been such a turnabout? 

` The influences on the US Congress are plain enough. Especially 
a an election year, few congressmen will wish to stand out against 
the Department of Defense. It would be different if detente had 
not collapsed, or been eroded, by the events in Asia in the past six 
months. Reports of the Soviet use of chemical weapons in 
Afghanistan, however insubstantial they may be, must tend also 
to undermine the resolve of Congress. Yet there must be a more 
intricate explanation of the sudden flurry of interest in chemical 
warfare, which is not confined to the United States. Last week, in 
Britain, a group of Conservative MPs gave it as their view that 
< British cities are especially vulnerable to attack by chemical 
weapons. In doing so, they amplified some of the concern that 
© members of the British government have expressed about Soviet 
- intentions and the inconclusiveness of the Soviet-American dis- 
cussions towards the draft of a treaty. What can be the 
explanation? 

The erosion of detente has understandably set people’s nerves 
on edge, but strategic developments in Europe have no doubt also 
helped to stimulate the current preoccupation with chemical 
weapons. The West German Chancellor, Mr Helmut Schmidt, 
makes no secret of his anxiety about the increasing numbers of 
medium-range missiles on the territory of the Warsaw Pact, not 
yet matched by the deployment of American cruise missiles within 
NATO. Yet there is no chance of an agreement to limit these 
_ developments while Salt HI remains unratified. Until quite 
recently, European opinion would not have been excessively 
alarmed by this imbalance. While it has been customary (as it is 
prudent) to speculate on the ways in which short and medium- 
-range weapons might be used in anger within the confines of 
urope, people have usually been willing to accept that the 
ategic forces of NATO would be used if there were more than 
en trouble. The novel development is that this confidence has 
o been eroded, largely as a result of the hesitancy of American 
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ss on chemical weapons treaty 


foreign policy in recent months. Are these also the circumstances 
which have led to the speculations that gas might be used in 
Europe without provoking a strategic response? 

If so, it would be helpful that the strategic limitations of 
chemical weapons should be kept clearly in mind. Whatever the 
technical sophistication of modern chemical weapons, their 
strategic limitations remain what they have always been. It is 
unthinkable that the use or the threatened use of chemical 
weapons could be used to win a decisive advantage in some major 
conflict — or that an attempt to use them in this way by anv state 
would fail to excite a nuclear response. The technical utility of 
chemical weapons, such as it may be, lies in the battlefield — and 
the Second World War shows that the fear of retaliation may be 
enough to engender restraint. The possibility that chemical 
weapons might be used in a nuclear war to win some larger 
advantage, perhaps that of making it safe to occupy some large 
tract of ground without first blowing it to pieces, is more real, vet 
still remote. It is hard to see even the most deterrnined combatants 
trading the occupation of some other state’s territory for the 
destruction of their own. In short, chemical weapons cannot by 
themselves substantially shift the balance of strategic strength in 
any major conflict, which is not to say that the military may not 
regard them as potentially useful in other kinds of conflicts, 

So why not get rid of them? This question has been in the air for 
the past decade or so. Since 1974, the Soviet Union and the United 
States have been trying to work out the bare bones of an 
agreement on the subject. So far, there have been no fewer than 
eleven rounds of talks on the subject (and the twelfth is now going 
on at Geneva). A report on progress was presented to the 
Committee on Disarmament, and another is promised for later 
this year. While the past six months have seen a slackening of 
interest, some progress has been made. Yet the problems 
recognized as serious at the beginning persist. 

Verification, as always, is a stumbling block, especially because 
plants for manufacturing the components of binary chemical 
munitions may be indistinguishable from ordinary chemical 
plants. Last year’s report on the negotiations used the term 
‘‘adequate verification’? and suggested an international 
secretariat to supervise the way in which verification would be 
carried out. It is, however, hard to see the most significant 
potential signatories of a treaty to ban chemical weapons 
accepting the degree of detailed inspection that their potential 
adversaries could require. Any treaty that comes about will 
therefore demand of its participants a degree of trust in each other 
(as well as in their sources of intelligence) that has not been much 
in evidence in the past few years. Yet the closely analogous 
convention on biological weapons has survived even last year's 
outbreak of anthrax in the neighbourhood of Sverdlovsk. A 
convention on chemical weapons could be drafted along similar 
lines — for which reason it would be a great benefit if the Soviet 
Union were to provide a more detailed account of the anthrax 
outbreak than it has so far provided. 

The scope of a treaty banning chemical weapons is another of 
the issues with which people have been wrestling for the past 
several years. Here again it is hard to see how a fully watertight 
treaty could ever be drafted. Some materials used in the 
manufacture of nerve gases have a legitimate place in the chemical 
industry (while phosgene is widely used as a chemical 
intermediate). The expressed intention of the Soviet Union and 
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the United States of using incapacitating gases for domestic riot 
control is another serious snag. Here again, however, there is no 
reason why even the major powers should not accept a certain 
degree of fuzziness in what might be required of fellow 
signatories. Itis not as if a violation of whatever treaty there might 
be would give the violator a decisive advantage. 

So what are the prospects that a treaty will eventually be 
negotiated? And to what extent will the course of events be 
influenced by the willingness of the House of Representatives to 
let the Department of Defense have its pilot plant? Given that the 
Soviet Union (but also France) has the means of using chemical 
weapons tactically, and on the assumption that, even if the 
American pilot plant were followed by a full-scale production 
plant, the munitions produced would be similarly earmarked, 
there is no reason why the talks at Geneva should be interrupted. 
Indeed, the new development may persuade the Soviet Union that 
it would be prudent to make faster progress. 


And there is little doubt that, if they chose to do so, the major 
powers could agree on the text ofa treaty that would satisfy their 
own interests. They have learned, in the past several years, that it 
is possible to live with measures of arms control whose terms are 
not as specific as meticulous lawyers would ask. So the prospects 
for the treaty must depend on whether (and if so when) the major 
powers decide that the time has come to edge back towards 
detente. Many will hope that they take the plunge sooner rather 
than later. When that time comes, they will encounter one of the 
other longstanding problems of arms control — the unwillingness 
of other states to sign on somebody else’s dotted line. On 
chemical weapons, France and China at least are likely to insist on 
their freedom to do what they do at present. Especially now that 
France has rejoined the enlarged Committee on Disarmament, 
has not the time come when the major powers should surrender 
the initiative to the committee? No harm, but only good, could 
come of such a step. 


Two views on technological change 


How will new technology affect the structure of society? Off and 
on, for the past few decades, people have been brooding on this 
kind of issue. This week, it became known that the British Labour 
Party is cautiously on the side of the pessimists. An unpublished 
report due to be considered by the party’s National Executive 
later in the month correctly concludes that recent development in 
the technology of microprocessors will mean even more 
unemployment in the United Kingdom unless economic growth 
keeps pace with increases of productivity now foreseen; 
predictably, it goes on to argue that increased state intervention in 
the management of technical and social change is needed. This 
view neatly follows the publication by the OECD of a report 
called ‘‘Science and Technology in the new socio-economic 
context” prepared by what the OECD calls a ‘‘Group of Experts” 
for the longstanding Committee for Scientific and Technological 
Policy (see page 98). The OECD document comes to the same 
conclusion as the Labour Party, but if anything its prescription is 
more a charter for interference by social scientists than by 
governments. 

During the past three years, there has been a more or less 
constant grumble that the applications of microprocessors now in 
prospect have serious consequences for people’s jobs. Some will 
change in character. Some will disappear altogether. These 
calculations are correct, although the timing is as ever unsure. It 
does not follow, however, that microprocessors mean mass 
unemployment. With this as with any technological innovation, 
improved productivity in one important sector of industry will 
mean increased wealth, increased demand for goods and services 
and therefore more jobs in other sectors. The steam engine, 
whatever the Luddites said and did about it, was as dramatic a 
source of increased productivity as ever microprocessors will be 
— and the end result, at least in countries where steam engines 
were allowed to make a mark, was more jobs. The only reason not 
to welcome the coming of the microprocessors is that in some 
places the potential benefits of their increased productivity will 
not materialize, or will not be matched by comparable increases of 
productivity stemming from other new technologies. 

The Labour Party document, to its credit, has the wit to 
recognize that this must be the case. The issue that will be disputed 
is whether more government intervention is the best way of 
safeguarding the future of jobs in Britain. The dispute is partly 
ideological. The Labour Party believes in government 
intervention. The present government does not. Since neither has 
a monopoly of wisdom, the need is to decide what governments 
can and cannot do. Providing every classroom or at least each 
school with a microcomputer might provide a sporting chance 
that people leaving school were familiar with one new technology, 
but is this the wisest course when the state school system is crying 
out for funds with which to buy books, mathematics text-books 
among them? Equally, the Department of Industry’s scheme for 
helping industrialists become familiar with the new technology, 
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useful though it may be to some of the participants, is no 
substitute for investors’ sense that they can profitably invest in the 
British economy, and industrialists’ sense that the taxation system 
will allow them to keep some of the profits. In short, what 
governments can do is to manage the climate for innovation. 
Governments themselves are less good at innovation. (This is no 
excuse for the continued delay in deciding whether in Britain the 
Department of Industry is to let the microprocessor company 
INMOS have its second £25 million; the government has a moral 
obligation that will not go away with the passage of time.) 

Broadly speaking, these are the conclusions of the OECD 
report. The committee marshals impressive evidence which gives 
the lie to the cynical view that research and development is 
irrelevant to industrial innovation. The correlation between 
industrial (as distinct from government) spending on research and 
development and eventual prosperity is strong. But which is the 
chicken and which the egg? The OECD committee, while 
recognizing the difficulty, puts the issue beyond doubt. 
Governments wishing to foster innovation must foster research 
and development by industry, but without falling back on short- 
term fiscal incentives. It is a hard and self-denying recipe, that 
would entail in Britain some attenuation of the government’s own 
research enterprise. Yet the case for doing more, not less, when 
times are hard is undeniable. 

On the reasons for the hiatus in the affairs of the industrialized 
countries in the past seven years, the OECD is nothing if not 
robust. When money ts being drained out of the economy, largely 
by OPEC, cannot be the best time for innovation or even mere 
change. All that is easier when things are going well. Yet this isa 
turning point in many people’s affairs. More productivity is in the 
long run the only way out of the crisis. Although the report is 
short on references to the economists’ gurus, Keynes and 
Friedman alike, it leaves the clear impression that the committee 
that prepared it considered that innovation is not so much a 
problem as an answer to an unstated problem. The committee’s 
dissident voice, Professor Emma Rothschild, found this escalator 
uncomfortable because she had no clear idea where it is going. 
That is too much to ask. 

That is the sensible part of the OECD report. It is less sensible 
that much of the document is taken up with the supposed need of 
what is fashionably called technological forecasting. This, after 
all, is a discipline which has yet to demonstrate itself as such. 
Many will suspect the phrase to be yet another licence for social 
scientists to make contradictory assertions about the 
consequences of technological innovations. The trouble, of 
course, is that the consequences are almost always unpredictable. 
All that can confidently be said is that some consequences are 
profound. What societies faced with rapid technological change 
thus need of their governments is flexibility — a capacity (and a 
willingness) to meet unforeseen social changes with compassion 
and imagination. 
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Red faces (and hot tempers) on 2,4 5T 


The controversy over the use of the 
herbicide 2,4,5-T in the United Kingdom 
became even more heated last week with 
the revelation of a difference of opinion 
between government agencies over how to 
determine the safety of tbe herbicide. Thus 
Mr John Locke, the director-general of the 
Health and Safety Executive (HSE), 
pleaded for a more effective relationship 
between the executive and the Advisory 
Committee on Pesticides (PAC) of the 
Ministry of Agriculture, Fisheries and 
Food (MAFF). 

Locke was speaking at the opening of a 
new HSE centre at the Royal Show (see 
page 100). His call for more ‘‘tying up” 
between HSE and PAC is, on the surface, a 
plea for more rationality in the review 
processes for toxic substances, but it 
underscores the strain both organizations 
are suffering in determining the safety or 
otherwise of 2,4,5-T. 

The director-general’s comments were 
voiced two days before a meeting of the 
HSE’s Advisory Committee on Toxic Sub- 
stances (ACTS), where 2,4,5-T was the 
main item on the agenda. Like all HSE 
advisory committees, ACTS has repre- 
sentatives from both the Trades Union 
Congress (TUC) and the Confederation of 
British Industries (CBD. With the TUC 
already on record as calling for a ban on 
2,4,5-T, feelings were bound to run high. 
By all accounts it was a stormy meeting, 
with the TUC representatives expressing 
their dissatisfaction with PAC’s review 
processes for herbicides and pesticides. 

As a general rule, the TUC’s repre- 
sentatives on ACTS believe that, where 
issues Of health and safety are concerned, 
HSE should be responsible. The unions 
suspect the impartiality of MAFF in 
reviewing the toxicity of chemicals which 
can be of benefit to agriculture. At the 
meeting last week, they asked why PAC 
claimed in its eighth review of 2,4,5-T 
(published in March last year) that only 
three tonnes of the herbicide were used 
annually in Britain, when the real figure is 
now known to be about twenty times as 
much, They also want to know the names 
of all UK manufacturers importing, 
exporting or selling products containing 
2,4,5-T. 

Recent Customs and Excise figures 
confirm that some 116 tonnes of 2,4,5-T 
were imported into the UK in 1979. With 
the publication of these revised estimates, 
the unions are all the more sceptical of the 
review processes. 

MAFF is seriously embarrassed by the 
error about the tonnage of 2,4,5-T used in 
Britain. PAC had assumed — wrongly — 
that the Forestry Commission was the 
largest user of the herbicide in the UK, and 
the three tonne figure was based on 2,4,5-T 
use in silviculture. It is now known that far 
more 2,4,5-T is used on grassland; on the 


basis of a recent survey, the use of 2,4,5-T 
in Britain last year is now put at 58 tonnes. 

One especially serious aspect of the 
affair is that the PAC estimates were given 
to the Royal Commission on Environ- 
mental Pollution during its inquiry into 
agricultural pollution. In the report of this 
inquiry published last year, the royal com- 
mission gave 2,4,5-T a clean bill of health, 
partly on the grounds that British usage 
was relatively small. Members of the com- 
mission were wondering this week how the 
record should be set straight. 

PAC is now reviewing the herbicide for 
the ninth time in the light of information 
about 2,4,5-T and its dioxin (2,3,7,8-tetra- 
chlorodibenzo-p-dioxin) contaminant 
published in the past two years. 

The subcommittee responsible, on the 
instructions of Mr Peter Walker, Minister 
of Agriculture, has now met a delegation 
from the National Union of Agricultural 
and Allied Workers (NUAAW) to hear the 
union’s case against 2,4,5-T. In three anda 
half hours of often heated discussion, the 
union delegation insisted that 2,4,5-T 
should be banned. The delegation was told 
that the dioxin content of 2,4,5-T now set 
at a maximum of 0.01 parts per million in 
the UK is so low that it represents no threat. 
The herbicide itself is a teratogen in some 
rodent species at concentrations of 35 
milligrams per kilogram of body weight, 
10,000 a the concentrations at which 


dioxin is a teratogen. With the new 2,4,5-T 
formulation, 2,4,5-T will exert a tera- 
togenic effect before dioxin. 

The subcommittee also believes that 
there is a sufficient safety factor in the 
assessment of the carcinogenic risks from 
dioxin. The most reliable study suggests 


‘that dioxin 1s a carcinogen at dose levels of 


0.1 microgram per kilogram of body 
weight per day in rodents. With the new 
formulation, to consume such a quantity 
of dioxin, rodents would need to take in 
2,4,5-T at concentrations about one-tenth 
to a half of their body weight. 

The subcommittee’s recommendations 
on 2,4,5-T will be considered at a PAC 
meeting on 24 July. The same evidence will 
also be reviewed at a special meeting of 
ACTS at the end of August. Whatever the 
outcome of these meetings, it is clear that 
the trade union campaign against 2,4,5-T 
has had a considerable effect on HSE and 
MAFF. 

The unions see the visit of the NUAAW 
deputation to the PAC scientific 
subcommittee as a precedent. But it is 
unlikely that the trades unions will be 
satisfied with this modest advance. The 
unions are openly campaigning for a 
change in the review process, and it was 
only natural that John Locke should 
appeal to MAFF for some help in devising a 
system which will satisfy all parties. 

Alastair Hay 


Supreme Court reprieves benzene 


Washington 

Strict regulation of toxic substances 
must be backed up by adequate scientific 
data on their potential danger. This was the 
message delivered by the US Supreme 
Court last week when it rejected a proposal 
by the Department of Labor’s 
Occupational Safety and Health 
Administration (OSHA) to reduce 
permitted exposure levels to benzene to one 
part per million. 

Following evidence which emerged in the 
early 1970s of a link between benzene 
exposure and various blood disorders — in 
particular, leukaemia — OSHA produced 
new regulations in 1977 which would have 
reduced permitted exposure levels from the 
current 10 parts per million. 

The proposed regulation has been 
attacked by the chemical and petroleum 
industries, where more than a million 
workers are exposed to benzene in products 
from gasoline additives to paint solvents. 
The industries claimed that the regulations 
were unnecessarily restrictive; and that the 
cost of meeting them — measured in 
hundreds of millions of dollars — was 
incommensurate with the expected 
benefits. 

Using such arguments, the American 
Petroleum Institute last year persuaded a 


judge in New Orleans to rule the proposed 
regulation invalid. Much attention had 
been focused on OSHA’s decision to 
appeal to the Supreme Court, largely 
because the judge critized OSHA for not 
weighing the expected benefits of the 
regulations against the costs of meeting 
them. 

In the event, the Supreme Court skirted 
around the cost-benefit issue. Only one 
member — Justice Lewis Powell — insisted 
that a full cost-benefit analysis should have 
been carried out; and the matter awaits 
resolution in two further cases which the 
court has agreed to hear next year. 

No less significant, however, is the sub- 
stance of the court’s ruling in a case which 
Chief Justice Warren Burger described as 
raising ‘difficult unanswered questions on 
the frontiers of science and medicine’’. The 
court ruled that OSHA must demonstrate 
that a toxic chemical poses a ‘‘significant”’ 
risk before making a regulation. 

This judgement directly undermines one 
of the fundamental principles on which 
OSHA’s regulatory strategy is at present 
based. So far, the agency has argued that, 
where a chemical is suspected of having 
low-level toxic effects but the scientific and 
epidemiological evidence is insufficient to 
characterize these precisely, it must be 
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assumed that there is no threshold below 
which the chemical can be considered 
“‘safe’’ — and industry is required to lower 
exposure to the limits of technological 
feasibility. 

OSHA acted on benzene even though the 
evidence of increased leukaemia incidence 
among workers in Turkey and Ohio 
involved people who had been exposed to 
considerably more than 10 ppm over long 
periods of time. 

The agency argued that only a techno- 
logical feasibility strategy would suffice to 
guaranteé the protection of workers, but 
the Supreme Court, in a 5-4 vote, agreed 
with industry critics that a more thorough 
scientific and technological justification 
must be produced. Admitting the existence 
of considerable uncertainties, the court 
accepted that the agency is not required to 
prove its point ‘‘with anything approach- 
ing scientific certainty’’. 

Even so, in writing the majority opinion, 
Justice John Stevens said that OSHA had 
failed to produce ‘‘substantial evidence” 
that the new benzene rules were 
“reasonably necessary and appropriate” 
to remedy a ‘‘significant risk of material 
health impairment’’. OSHA, he said, had 
not produced empirical evidence or 
scientific opinion to show that exposure to 
benzene at or below the 10 ppm level had in 
fact caused cancer. 

Predictably, the court’s decision has 
been welcomed by industry, which has long 
protested at the expense of meeting the 
‘‘lowest technologically feasible’’ 
criterion. Agency officials admitted that 
they were ‘‘disappointed’’ with the ruling, 
but vowed to press on with regulating 
benzene and other toxic substances. 

The closeness of the Supreme Court’s 
decision and the fact that different 
members gave different reasons for 
concurring are likely to cushion the impact. 
Indeed, if OSHA can produce more 
evidence on benzene, then the tough 
standard could still stand. 

In a strongly worded dissenting opinion, 
four of the nine justices said they felt 
OSHA had already produced enough 
evidence to justify the low exposure limit. 
And a fifth said that, given additional 
evidence, he might be persuaded by 
OSHA’s case. 

David Dickson. 


Soviet environment 


Spending more 


Sovier capital investment in 
environmental protection and the conserv- 
ation of endangered species will be trebled 
in the next Five Year Plan 
(1981-1985),according to what TASS has 
described as ‘‘preluminary data’’, Since the 
official figures for the present plan include 
11,000 million rubles of direct state 
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funding and 50,000 million from the 
budgets of industrial enterprises and 
institutions, this suggests an investment of 
at least 180,000 million rubles (£125,000 
million) in the next five years... 

The TASS announcement followed the 
passing of two major environmental bills, 
on clean air and the protection of fauna, by 
the Supreme Soviet. Enactment of the laws 
was preceded by unusually extensive 
reporting in Pravda, perhaps because of 
the undoubted pride which the members of 
the Supreme Soviet show in their progress 
to date. No other country, observed 
Deputy P.P. Vavilov, president of the All- 
Union Academy of Agricultural Sciences, 
has on its statute books laws of comparable 
scope, which even protect insects and soil 
fauna with a direct bearing on soil fertility. 

Vavilov nevertheless emphasized that, 
even when the act becomes law in 1981, 
further research will be needed to ensure 
that its provisions are implemented in strict 
accordance with ecological principles. 
What nobody mentioned in the debate, but 
what must surely have been in the minds of 
many of the deputies — especially those 
from central Russia, central Asia, 
Byelorussia and Estonia — was the present 
threat from wolves and wolf-dog cross- 
breeds which, according to some estimates, 
have doubled in numbers over the past ten 
years, following cutbacks in hunting and 
the disbanding of skilled hunting teams. 
The threat is particularly acute in Estonia. 

No less complex are the management 
problems raised by the clean air bill. Air 
pollution has been a major problem in 
many Soviet cities for a considerable time, 
and one of the earliest preparations for the 
Moscow Olympic Games was the designing 
of electric runabout cars for the Olympic 
village, to reduce the effect of petrol fumes 


on the athletes. po 3 

Not only cities are at risk, however. In 
the Supreme Soviet debate, Deputy V.M. 
Kanun from Zhitomir spoke of the 
pollution threat to the Polessian forests — 
in spite of the expenditure, during the 
current Five Year Plan, of ‘‘tens of millions 
of rubles” on anti-pollution measures. 
Deputy Yu. A, Izrael’, Chairman of the 
State Committee on Hydrometeorology 


‘and Environmental Monitoring, observed 


that the Union-wide anti-pollution 
monitoring service now has air-pollution 
monitoring projects in 450 cities; neverthe- 
less, as Deputy Kipel’ observed, ‘‘many 
plants and factories go on polluting the 
atmosphere and water in the same old 
way”. 

Water, in fact, is not specifically the 
subject of the new legislation, although, 
according to Deputy Izrael’, progress in 
this field is one of the ‘‘major successes” of 
the environmental control programme. 
‘Almost all the rivers of the European part 
of the USSR”, he said, ‘‘have become 
cleaner”. 

Nevertheless, water may well soon be 
better regulated. A 200-person multidiscip- 
linary research team, led by Vladimir 
Lazanskii, head of the All-Union Research 
Institute for Water Conservation, has 
completed a detailed computer analysis of 
the ecology of 26 of the largest rivers in the 
USSR and fifteen seas and lakes. On the 
basis of this study, the team has put 
forward several proposals ranging from the 
automated control of water conservation 
complexes and the introduction of closed- 
cycle processes for metallurgical works to 
the special processing of rain water and 
snow melt bearing particles of petroleum 


products. 
Vera Rich 
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Biotechnology 
France now 


A GROUP of French scientists has set up a 
commercial organization for the 
exploitation of genetic manipulation. 
Known as Jransgéne, the company has an 
initial capital of 40 million French francs. 
Although the capital has been provided by 
industrial companies, the sponsors of the 
new venture include the CNRS (Centre 
National de la Recherche Scientifique), 
L'Institut National de la Recherche 
Agronomique, L’Institut National de la 
Santé et de la Recherche Medicale and the 
Pasteur Institute. 

The new organization will be based at its 
own laboratories near Strasbourg and its 
policy will be determined by a scientific 
committee including Professor Philippe 
Kourilsky from the Pasteur Institute and 
Professor Pierre Chambon from the Louis 
Pasteur University of Strasbourg. It is 
intended that the scientific committee will 
include some scientists from outside 
France. The scientific director of the 
enterprise has been recruited but not yet 
named. 

It is understood, however, that the 
director 1s at present the head of research at 
a European pharmaceutical company and 
is not French. 

The formation of Transgéne has been 
talked of for several months. The capital 
for the enterprise has been provided by a 
consortium of companies organized by the 
Compagnie Financière de Pans et des Pays 
Bas (Paribas) and includes the oi! company 
Elf, the French liquid air company Aur 
Liquide and the champagne and brandy 
firm of Moet-Hennessy. The commercial 
head of the new enterpnse will be the 
director of research at Parisbas, M. Robert 
Lattés. It appears that this French initiative 
has been prompted — some would say 
provoked — by the publicity given in the 
past few months to the doings of the Swiss- 


based company Biogen, but the organizers 
of Transgéne also have in mind the steps 
taken in the United States during the past 
few years to put genetic manipulation ona 
commercial footing. Although nothing is 
known as yet of the work on which 
Transgéne will be engaged, it is expected 
that the company will be recruiting a staff 
of between 50 and 80 people, most of 
whom will be based at the laboratories in 
Strasbourg. 

Transgéne appears to have hit on a novel 
way Of reconciling the conflict of interest 
between university researchers and 
commercial interests that inevitably anses 
in such circumstances. Fifteen per cent of 
the shares are to be held by the sponsors of 
the enterprise, including the Pasteur 
Institute and the CNRS. A further eight per 
cent of the shares will be the property of a 
foundation yet to be established whose 
function will be to support basic research in 
the general field of molecular biology — a 
task that will become feasible if and when 
Transgéne makes money. 

The Strasbourg laboratory will not be 
completed for two years. In the meantime 
Transgéne is hoping to make arrangements 
for research to begin on a contract basis in 
some other laboratory, possibly at the 
Louis Pasteur University. The scientific 
staff will be recruited in time to begin work 
at the turn of the year but the initial 
scientific objectives will not be defined 
until the scientific board is complete 
around October. 


University industry 
Surrey consults 


SHORTAGES of funds are increasingly 
making British universities search for 
alternative sources of finance. The 
University of Surrey has in this way 
branched out beyond the usual pattern of 
university work. Last week it formally 
opened a new institute to tackle industrial 
health and safety problems. 


Poles protest at academic censors 


SCIENTIFIC publications should be totally 
exempt from state censorship, according 
to a report by the Polish ‘‘DiP”’ group 
(Doswiadczenie 1 Przyslosc — Experience 
and the Future). This unofficial body, 
which includes leading figures from the 
academic and literary professions, Party 
and church, was originally established in 
November 1978 as a discussion group to 
consider the economic crises facing 
Poland. Unable to hold the open 
discussions they had planned, the 
members of DiP have relied on 
questionnaires. The first such survey, 
“Report on the state of the country and 
ways Of putting ıt right’’, was made in 
May 1979; the second, ‘‘How do we get 
out of this?” in December 1979 and 
January 1980. This second report ts now 
in circulation. 


Questionnaires were completed by 141 
people. (Some of those approached 
declined to take part saying that they had 
no faith in the sense of the exercise.) The 
sample included 65 scientists, of whom 39 
were university lecturers and professors 
— biologists, physicists, mathematicians 
and agronomists. The result is a 
penetrating study of the economic and 
social problems of the Polish People’s 
Republics. 

A necessary condition for any reforms 
to be successful, it says, ıs that confidence 
should be restored in the government. To 
this end, inter alia, a free flow of 
information is essential. A proper 
definition of maternal hable to censorship 
(military and industrial secrets) should be 
laid down, and academic publications 
exempted from the censors. 


Surrey’s Institute of Industrial and 
Environmental Health and Safety has 
actually been operating for 18 months. So 
far, it has earned about £700,000, one-third 
from grants and donations and the rest 
from specific contracts. According to is 
director, Professor James Bridges, the 
institute is already almost entirely self- 
financing and hopes eventually to make a 
profit which can be ploughed back into the 
university. The members of the institute’s 
staff are either tenured in an academic 
department, on short-term research 
council contracts or have been specifically 
employed by the institute on annual rolling 
contracts. 

The institute is an amalgamation of 
several different academic units (the 
Wolfson Bionalytical Unit, the Materials 
Handling Research Unit, the Industnal 
Biomedical Unit and the Toxicology Unit). 
It also includes two new units, the Isolator 
(Gnotobiotics) Unit and the Occupational 
Health and Hygiene Service. The last of 
these is the most unexpected. It carries out 
no research as such, but aims to provide 
local industnes too small to employ their 
own specialists with advice on health and 
safety problems. 

The Occupational Health and Hygiene 
Service appears to be an effective way of 
making links with local industry. An 
investigation of sore throats and bronchitis 
at one local factory led to the Wolfson 
Bioanalytical Unt: being called in to take 
air samples. It finally identified the source 
of irritation as chromium carried from one 
part of the plant to another when the wind 
was in a particular direction. The Wolfson 
Unit also solved a problem in the handling 
of glass fibre resins in a local factory after a 
similar introduction. 

Most of the institute’s work so far has 
been funded by larger organizations. The 
Materials Handling Unit, for example, has 
completed an ergonomic study for the EEC 
of the body stresses caused when men lift 
heavy objects, and is now doing a similar 
study of female workers for the UK Health 
and Safety Executive. 

The Isolator Unit was created to build up 
On a previous collaboration with Vickers 
Medical Limited to design and make 
medical isolators out of flexible film. The 
unit is now designing film units for 
isolating experimental animals and 
protecting workers handling drugs and 
other potentially dangerous matenals. The 
Toaicology Unit ıs engaged on 
fundamental work on biochemical 
pathways in man and animals, but most of 
its contract work consists of im vitro testing 
for mutagenesis and carcinogenesis. 

The institute acts more as a research 
association than a university research 
department. According to its staff, the 
prospects for the next year or two are good, 
with plenty of work on hand. Thereafter, 
the institute will have to live on its wits, 
helped by whatever reputation it acquires 
in the meantime. 

Judy Redfearn 
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Chemical weapons 


Congress agrees 


Washington 

Citing circumstantial evidence of the use 
of poison gas by Soviet troops in 
Afghanistan, the US Congress has taken 
the first step towards ending an eleven-year 
moratorium on the production of chemical. 
weapons. 

By-passing the White House — which 
has nevertheless so far raised no objection 
— the House of Representatives last week 
approved the army’s use of funds to 
renovate facilities at its Pine Bluff Arsenal 
in Arkansas to house the production of so- 
called binary chemical weapons. 

The amount of money is relatively small 
— $3.1 million out of a total military 
construction budget of $4,800 million. A 
further $19 million will be needed to equip 
an intended pilot plant for the production 
of 155 mm binary shells. Given minimal 
opposition, either from within Congress or 
from the Administration, legislators 
pushing for the pilot plant are confident 
they can persuade the House to provide the 
extra cash, and that the Senate will go 
along. If so, the Pine Bluff plant could be 
in Operation by 1983. 

The Department of Defense has planned 
for two further extensions of the plant ata 
cost of $185 million — production plants 
for 8-1nch artillery shells containing the 
British nerve agent VX and for so-called 
“‘big eye” bombs for the US Navy, like the 
155 mm shells containing the nerve gas GB. 

Binary weapons, the latest thing in the 
military gas-man’s catalogue, offer safe 
storage and use; two relatively innocuous 
chemical components which react to 
produce a military gas only after the 
weapon has been primed. The US Army 
has been working on their developmnot 
since the mid-1960s. 

In 1974, Congress tumed down a 
proposal to manufacture them, on the 
grounds that the Soviet-American 
negotiation of a treaty covering chemical 
weapons, begun that year, would be 


jeopardized. 

Officially, those talks still drag on. In 
each of the past two years, the Department 
of Defense has asked Congress for funds 
for binary weapons production, pleading 
Soviet superiority in both offence and 
defence. On each occasion, the request has 
been blocked by the White House. 

Now the political climate has changed. 
Although Presidents Carter and Brezhnev 
agreed last year in Moscow to encourage 
the negotiations, the Soviet presence in 
Afghanistan has brought progress to a 
standstill. The future of the treaty, some 
US officials consider, will now depend on 
broad political considerations and not on 
the question whether or not the United 
States is producing chemical weapons. 

Reports of the Soviet use of chemical 
agents in Afghanistan helped to change the 
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mood of Congress and the Administration, 
although the details are still far from clear. 
US officials say there is now ‘‘strong”’ 
evidence of the use of riot-control agents, 
‘middling’ evidence of ‘incapacitating 
agents, but that evidence of the use of lethal 
nerve agents is ‘‘weak’’. They support a 
proposal for an international fact-finding 
mission to gather more precise details of 
events in Afghanistan. 

These reports, combined with. 
accusations of Soviet development of 
biological weapons after the anthrax 
outbreak in Sverdlovsk, have created a 
climate in which support for a unilateral 
moratorium is waning. Some critics 
nevertheless remain vocal. Chemical 
weapons are of little real tactical value, 
‘‘contributing nothing to fire power unless 
the other side chooses to use chemical 
first’’ says Professor Matthew Meselson of 
Harvard University. 

In Congress, however, those who have 
previously resisted the chemical weapons 
programme have no plans to organize 
opposition to the new developments. Some 
argue that, since the army’s existing stock 
of wet-eye nerve bombs is detenorating 
and could become a serious health hazard, 
the production of binary weapons would 
be the lesser of two evils. 

The White House occupies neutral 
ground. It has not supported the 
congressional amendments to its defence 
request, but neither has it opposed them. In 
the present climate, if Congress does give 
the green light to the chemical weapons 
facility, a presidental veto is unlikely. 

7 David Dickson 


British farming 
Science on show 


Agricultural shows still have the same 
appeal for the British public as they did in 
Thomas Hardy’s day. The Royal 
Agricultural Society of England’s annual 
show, however, is more than family enter- 
tainment. The theme of last week’s show, 
like that of recent years, was the appli- 
cation of science in agriculture. Publicly 
supported research was much in evidence. 

The Ministry of Agriculture, Fisheries 
and Food (MAFF) has always prided itself 
on the value of its research and develop- 
ment to the agricultural industry. In the 
wake of the Rothschild reorganization, 
almost half of the work done by the 
institutes of the Agricultural Research 
Council (ARC) is under contract from 
government departments. This year, for 
example, MAFF is spending about £34 
million on basic research, matched by a 
similar contribution from the ARC. About’ 
£2 million will come from other sources. 
The Agricultural Development and 
Advisory Service (ADAS) will spend £54 
million on getting the results of research to 
the farmer. The work of ADAS and ARC 
institutes was therefore prominent at the 


Royal Show. No doubt in an attempt to 
stave off the criticism that much of this 
research 1s too basic to bear on farmer’s 
practical problems, the exhibits included 
examples of both pure and applied 
research. l 

The National Vegetable Research 
Station (NURS) displayed its basic 
research on the introduction of resistance 
to tobacco mosaic virus into tomato plants. 
It is also seeking to interest British food 
processors and growers in varieties of small 
outdoor tomato plants which yield frut 
that is superior to (although more 
expensive than) Italian canned tomatoes. 

Import substitution is a recurrent theme. 
The NVRS, proud of having ‘helped to 
reduce the level of British onion imports 
since the early 1970s by the introduction of 
Japanese varieties which can be planted all 
the year round, is now working towards the 
home-grown baked bean. 

On animal nutrition, the Rowett 
Research Institute is improving on the 
starch equivalent as a means of assessing the 
metabolic value of feeding stuffs. The 
Animal Diseases Research Association was 
last week offering advice on the prevention 
of hypothermia in lambs and the Meat 
Research Institute on the measurement of 
fat deposition in live animals. The long- 
term objective is to find better ways of con- 
trolling the proportion of fat to lean meat. 

In these and other wys, the Royal Show 
has become an annual celebration of the 
notion that British agriculture is 
outstandingly efficient. The increase of 
agricultural productivity in the past 30 
years is certainly impressive. The belief that 
British agriculture 1s the most efficient in 
the world has become almost a myth, 
difficult to challenge. 

Such a challenge has come, however, 
from the Centre for Agricultural Strategy 


_ at the University of Reading. In a report 


published last week, the centre says that 
British agriculture is by no means streets 
ahead of European agriculture. Belgium, 
the Netherlands and Denmark may be 
doing better. The centre agrues that British 
farmers have invested too much capital in 
their businesses, especially in farm 
machinery. The Royal Show last week 
would have tempted them further down 
this primrose path. Judy Redfearn 


Fusion ; 


Studied design 


Planning time is running out for the 
INTOR project, the international design 
study of a thermonuclear reactor set up last 
year by the International Atomic Energy 
Agency. At the ten-day biennial 
conference on fusion and plasma physics 
just ended in Brussels, the members of the 
international design team (Euratom, 
Japan, the Soviet Union and the United 
States) confirmed that their final report 
will be with the [AEA next June. Then, it 1s 
acknowledged, will be the time for tackling 
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the political problems. 

INTOR stands for International 
Tokamak Reactor. The objective so far has 
been to define the design parameters of a 
620 MW (thermal) tokamak which would 
test engineering systems required in a 
commercial fusion reactor. The objectives 
of INTOR are to produce a token amount 
of electricity and to demonstrate tritium 
breeding and 25-50 per cent availability. 
Decisions on the future of the project will 
be taken by members of the design team 
only when the final report is ready. 

For the time being, the team is innocent 
of politics. The first difficult step will 
come when the design study is complete 
and it is necessary to set up a full-time 
design group. 

If ever built, INTOR will be a net con- 
sumer of electricity and tritium. The 
reactor would use a charge of 3 kg of 
tritium which would have to be replaced 
every six months. Average electrical power 
consumption would be 200 MW. Capital 
costs would be of the order of the cost of 
the American Engineering Test Facility, 
about $1,000 million. Robert Walgaie 


US fusion 
Middle course? 


Washington 

Magnetic fusion research in the United 
States will be further encouraged by a new 
report prepared for the Department of 
Energy. The report concludes that research 
is now sufficiently encouraging to justify a 
new stage of engineering experimentation. 

Even so, the report falls short of 
endorsing the Engineering Test Facility 
being promoted by some members of the 
fusion research community. It says that the 
proposed high neutron flux and heavy 
usage, as well as the role of the ETF as a 
direct stepping-stone to commercial 
fusion, are ‘‘too ambitious’’ and 
‘inappropriate at this stage’’. 

The report recommends instead that the 
department should construct, at an 
estimated cost of less than $1,000 million 
over ten years, a more modest Fusion 
Engineering Device (FED) based on the 
tokamak design. This device, the report 
says, should be sited at a new Center for 
Fusion Engineering (CFE). 

The proposals come from a 
subcommittee of the department’s Energy 
Research Advisory Board, chaired by Dr 
Solomon Buchsbaum of Bell Laboratories. 
Officially they are still in draft form; but 
they are likely to form the backbone of the 
Administration’s response to critics who 
claim it has been dragging its feet on the 
commercial application of fusion. 

The Buchsbaum committee in passing 
attacks a previous report prepared two 
years ago by a similar committee chaired by 
Dr John Foster of TRW Industries. That 
argued that it would be unwise to pursue an 


ambitious programme based on the 
tokamak design, urging that research 
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support should be spread more widely. 

The Administration has responded by 
increasing support for alternative designs, 
in particular for the Elmo Bumpy Torus 
being developed at the Oak Ridge National 
Laboratories (Nature, 1 May), to the 
chagrin of the potential commercial 
sponsors of fusion techology, who have 
felt that the Foster committee was too 
cautious. 

Leading the attack has been Mr Mike 
McCormack, chairman of the energy sub- 
committee of the House Science and 
Technology Committee. Mr McCormack 
has been pushing hard for an accelerated 
fusion research and development 
programme. Last year his subcommittee 
appointed a 12-member Fusion Advisory 
Panel which recommended that the ETF, 
being designed at Oak Ridge, should be 
built in 1987. 

The Buchsbaum committee is the 
response to the McCormack initiative by 
Dr Edward Frieman, director of the Office 
of Energy Research. It justifies its shift of 
view by citing recent ‘“‘rapid scientific 
progress’’ and says that the US is now 
ready to embark on the exploration of the 
engineering feasibility of fusion. 

Among recent successes are: 

@ validation of empirical predictions of 
achievable electron energy confinement 
times; 

@ demonstration in experiments with 
neutral beam currents that the heating of 
plasma to ignition temperature is feasible; 
@ the absence of evidence that impurities 
will tend to accumulate in the centre of high 
density plasmas; and 

@ the existence of several promising 
schemes for steady-state current drive 
using radio-frequency or particle-injection 
techniques. 

These and other developments, the 
committee says, make it appropriate to 
move on to the study of ignited plasmas — 
where fusion reactions proceed without 
external energy being supplied. This would 
be one of the principal goals of the FED, 
which would also be used to explore reactor 
technology and to study safety questions. 
But the new report, like that of the Foster 
committee, asks that attention should 
continue to be given to alternative designs 
in case the tokamak configuration 
disappoints. 

The committee therefore supports the 
proposal for a large tandem mirror 
machine, if only to prove the principle that 
Open-confinement systems may be 
feasible; this may be included in the 1982 
budget request. The committee also asks 
that work on the Elmo Bumpy Torus 
should be strengthened to clarify some 
immediate physics issues, but adds that the 
proposed $75 million investment is ‘‘too 
large, given the existing uncertainties in the 
physics of the EBT configuration”. 

The appearance of the committee’s draft 
report aptly coincided with a debate in the 
House of Representatives on the 


Department of Energy’s proposed 1981 





budget. As part of a general attempt to trim 
long-range energy research, the House 
Appropriations Committee had proposed 
that the magnetic fusion budget be reduced 
by $23 million from the Administration’s 
request for $396 million (an 11.5 per cent 
increase Over this year). 

Waving copies of the Buchsbaum report, 
House members were able to restore the 
money by an amendment which also 
reduced some of the proposed cuts in high- 
energy and nuclear physics research 
programmes. But Mr McCormack is not 
satisfied. He is now talking of introducing 
a supplementary budget request later in the 
year to bring the fusion budget more into 
line with the Buchsbaum proposals, which 
recommend that tne total budget be almost 
doubled over the next five to seven years. 

Not unexpectedly, the Buchsbaum 
report is less bullish than Mr McCormack. 
It says that heavy spending on the 


enginecring aspects of fusion will not be 
necessary until 1983-84. By then, results 
from the Tokamak Fusion Test Reactor at 
Princeton will be available, and should 
help to decide the design details of the 
proposed Fusion Engineering Device. 
David Dickson 





New NSF director 


Dr John B. Slaughter (below) was | 
nominated to take over from Richard | 
C. Atkinson as director of the 
National Sciemce Foundation last 
week. Slaughter, an engineer by 
training, has been persuaded to return 
to the NSF after leaving only a year 
ago to become academic vice- 
president and provost of Washington 
State University. He had previously 
been assistant director of NSF for 
astronomical, atmospheric, earth and 
Ocean sciences. Atkinson, a 
psychologist, has already taken up an 
appointment at the University of 
California. 
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Albanian science ; 


Isolated still 


Albania is embarking on its own 
characteristically isolated programme of 
science and technology. At the two-day 
plenary meeting of the Central Committee 
of the Albanian Workers’ Party last 
month, the main theme was the need to 
increase the level of scientific research and 
to apply research and development more 
effectively for the development of the 
country. 

The issue is timely. The five-year plan 
(1981-85) now being prepared includes 
increases of industrial and agricultural 
production of 40-42 per cent. But with the 
departure of the Chinese, ‘‘self-reliance’’ 
has become the order of the day. 
Addressing the plenum, Ramiz Alia of the 
Party’s Political Bureau paid a glowing 
tribute to the Albanian ‘‘specialists, 








Cruel Malthus 


Sir, — Peter Laslett! does injustice, I believe, 
to British social science in stating that, except 
perhaps for John Maynard Keynes, ‘Thomas 
Robert Malthus may be quite justifiably 
called . . . the most important of all English- 
speaking social scientists’’. From the 
“population principle’? which Malthus 
claimed? to have ‘‘established in the first six 
pages” of his 1798 Essay, Malthus concluded 
that poverty was caused primarily by the 
“vices” of the poor themselves. 

Accordingly, ‘to assist the poor in sucha 
manner as to enable them to marry as early as 
they please and rear up large families is a 
physical impossibility”. Ferociously 
consistent, this mild-mannered cleric and 
professor advocated abolition of the poor laws 
which sheltered, though inadequately, the 
helpless poor. He opposed repeal of the corn 
laws, universal suffrage, and a regularly 
meeting representative parliament. 

Malthus’s stature as a social scientist may be 
judged from his pronouncement that “The 
structure of society in its great features will 
probably always remain unchanged. We have 
every reason to believe that it will always 
consist of a class of proprietors and a class of 
labourers.” Yet his doctrine, which was born 
during the French Revolution, has surfaced 
repeatedly in various guises at times of social 
stress. 

This recurrence is not particularly 
surprising. Malthus himself stated the political 
utility of his “principle” quite baldly in later 
editions of the Essays. 

“Among the poor themselves, its effects 
would be still more important. That the 
principal and most permanent cause of 
poverty has little or no direct relation to forms 
of government or the unequal division of 
property; and that as the rich do not in reality 
possess the power of finding employment and 
maintenance for the poor, the poor cannot in 
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technicians and workers” who had had to 
take over the various technological 
projects left unfinished when the Chinese 
quit. 

According to Alia, Albania is now able 
to design and set up ‘‘self-reliantly” every 
object the economy needs, whether 
“industrial, hydrotechnical, railway or 
cultural’’. Self-reliance is also to be the 
watchword for the future. In the natural 
sciences, he stressed the need for research 
in applied nuclear physics and the 
mastering of neutron and laser technology 
for both industrial and military use. 
Research projects in biophysics should 
also, he said, be started. 

On the applied side, Alia emphasized the 
importance of water management; he said 
that 52 per cent of the arable land in 
Albania is now irrigated — the highest 
proportion in Europe. Alia also called for 
strains of wheat capable of producing 70 to 
80 quintals per hectare, an increase of 10 to 
15 per cent compared with existing hybrids. 


the nature of things possess the right to 
demand them, are important truths flowing 
from the principle of population which when 
properly explained would by no means be 
above the most ordinary comprehension. 

“And it is evident that every man in the 
lower classes of society who became 
acquainted with these truths would be 
disposed to bear the distresses in which he 
might be involved with more patience; would 
feel less discontent and irritation at the 
government and the higher classes of society 
on account of his poverty; would be on all 
occasions less disposed to insubordination and 
turbulence; and if he received assistance either 
from any public institution or from the hand 
of private charity, he would receive it with 
more thankfulness, and more justly appreciate 
its value. 

“If these truths were by degrees more 
generally known . . . the lower classes of 
people as a body would become more 
peaceable and orderly, would be less inclined 
to tumultuous proceedings in seasons of 
scarcity, and would at all times be less 
influenced by inflammatory and seditious 
publications from knowing how little the price 
of labour and the means of supporting a 
family depend upon a revolution, 

“The mere knowledge of these truths, even 
if they did not operate sufficiently to produce 
any marked change in the prudential habits of 
the poor with regard to marriage, would still 
have a most beneficial effect on their conduct 
in a political light; and undoubtedly one of the 
most valuable of these effects would be the 
power that wouid result to the higher and 
middle classes of society of gradually 
improving their governments without the 
apprehension of those revolutionary excesses, 
the fear of which at present threatens to 
deprive Europe even of that degree of liberty 
which she had before experienced to be 
practicable, and the salutary effects of which 
she had long enjoyed.” 

While Malthus’s hopes for pacifying the 
“poorer classes” have not been conspicuously 
successful, the doctrine has found a new use in 
the post-war years, as the poor in the 
developing countries have raised demands on 
their erstwhile rulers. The Malthusian 
resurgence® assuages the conscience of the 
class of proprietors” in the rich countries 
and facilitates inaction by their governments. 
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Alia said that fundamental work was 
needed to reach the target of 95 per cent 
extraction of useful minerals. 

The first Secretary of the Central 
Committee of Albania, Enver Hoxha, in 
his closing address to the plenary session, 
put the Party’s demand in more general 
terms. Albania, he said, has now reached 
an advanced stage of economic and social 
development, so that what is now required 
of science is ‘‘a generalization, 
improvement and an entire positive 
transformation in practice and theory — a 
qualitative break, a revolution in 
production technique, technology or 
organization’’. Technological advance, 
however, must not be accompanied by a 
drift from agriculture. Development of the 
agricultural sciences and the intensification 
of agricultural production is aimed at 
maintaining the current demographic 
distribution, in which some two-thirds of 
the Albanian population live in the 
countryside. Vera Rich 
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Yours faithfully, 
HARRY GRUNDEEST 
College of Physicians and Surgeons, 
Columbia University, 
New York, NY, USA, 


Nuclear protest 


Sir, — Your leading article of 19 June 
concerning nuclear power exemplified many of 
the elitist opinions of the scientific 
“community”. It appears you would like the 
public to reach an understanding of ‘the 
niceties of nuclear power’’ similar to its 
understanding of the relation between salary 
rises and inflation. The simplistic view of the 
economy (salary rises cause inflation) that 
many people have has been impressed on them 
by successive governments and the Tory press. 
Is this how you want the nuclear power debate 
to proceed? 

Your arrogant suggestion that the 
willingness of people to demonstrate is 
sustained only by the division of 
‘professional’ opinion ts insulting to the 
many demonstrators who have arrived at an 
anti-nuclear position after careful 
consideration of available information on all 
the aspects of nuclear power. 

The “key to the future of nuclear power” 
does not belong with a small and self- 
interested clique of professionals; it belongs 
with society as a whole. The real trouble with 
the nuclear debate is not that it is too polite 
but that it centres on technical discussion while 
ignoring the political, for example, the 
proliferation of nuclear weapons that ts 
already accompanying the proliferation of 
nuclear power, the setting up of an armed 
secret police force and the denial of trade 
union rights (which is one of the main political 
reasons for developing nuclear power, 
according to Thatcher). Hopefully, members 
of the public will continue to see through the 
“Heave it to the experts’? myth, 

Yours faithfully, 
Brian CUMMINS 
ALAN BEARD 
DAVE SMITH 


Edinburgh Science for People, 
Biochemistry Department, _ 
University of Edinburgh, UK. 
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pw to use geothermal energy 


from S.W. Richardson & A.A.L. White 


WITHIN the next decade it will be possible 
to obtain large quantities of hot water from 
permeable geological formations buried 
deep in the sedimentary basins of the UK!. 
The temperature of the water is restricted 
by the terrestrial heat flow and the 
occurrence of suitable formations to a 
maximum of 110°C (ref. 2) but this limit 
could be extended if the technology is 
developed to extract heat from 
impermeable crystalline rocks. 

There is a multitude of possible uses for 
this relatively low grade heat but here we 
consider the relative merits of just two such 
applications: the generation of electricity 
and the provision of district heating. These 
uses are very different in structure. District 
heating is, at first sight, the obvious 
application — and has dominated official 
thinking for several years+ — but is capital 
intensive due to the cost of the network of 
pipes needed for distribution. The plant 
requirec to convert the heat into electricity 
is relatively cheap but provides a much less 
efficient use of the energy due to the low 
conversion efficiencies of heat engines 
operating at these low temperatures. To 
illustrate the differences between these 
schemes we investigate the case of two 
hypothetical entrepreneurs, one 
considering investing in boreholes and a 
distribution network hoping to make a 
profit by selling heat to householders; the 
other aiming to sell geothermally generated 
power to the electricity utility. 

It is reasonable to assume that the 
scheme which offers the higher return on 
capital is more likely to be implemented. 
Costs and income for converting a small 
city to district heating are found using 
figures produced for the Combined Heat 
and Power reports*’. Electrical generation 
is provided by 10 MWe plant based on the 
Rankine cycle with an organic working 
fluid and costs are taken from American 
generic studies®’. The geothermal energy is 
assumed to be provided by pairs of 
production-reinjection boreholes or 
‘doublets’ sunk into proven aquifers at 3 
km depth containing water at 100°C. 
Aquifer transmissivity is taken to be 
3.8x 1074 m? s`! and flow rates of 50 kg 
s7 are maintained by pumping. The cost 
as of ‘providing these holes? is £1.0M per 

“de ublet for a scheme involving a number of 


District heating _ 

Allowing for heat exchanger effectiveness 
and losses in the distribution system, we 
assume that each doublet will be able to 
provide water at 90°C to the householder. 
With a 60°C (ref. 5) return temperature this 
represents some 6.3 MWth, sufficient to 
provide for 1520 households (see p.85 of 
ref. 5). The cost of the distribution network 
varies with the housing density” and the 
capital costs of this scheme are as follows. 


Household density per I2 20 50 150 
hectare 
Heat load, MW km- 6 ID 25 75 


Distribution pipework 
cost per household £ 
(1980) fret 5. p80) 


Total costs per doublet 
£M (1980) 


2600 1270 600 520 


4.95 2.93 1.91 1.79 





it has been assumed that £1 (1976)= £1.6 
(1980) and that all the boreholes are drilled 
within the city (extra significant figures are 
included allowing the argument to be 
followed in detail). 

The energy papers found that each house- 
hold will require 39 GJ per year® so the 
installation of the network will allow the 
entrepreneur to sell 5.9 x 1013 J per year. 

The sale price of this heat will be 
determined by the price of alternative fuels 
since householders will not choose to 
convert their existing wet central heating 
system, or pay to have a number of 
radiators installed, unless the heat is 
considerably cheaper: indeed a major 
obstacle to district heating could be the 
need to coerce people to join the system’. 
However, in this work we have assumed 
100% penetration of the heat market as this 
was the figure used to derive the costs in the 
energy papers. The current UK prices for 
heating alternatives, making due allowance 
for the inefficiency of domestic boilers, are 
shown below. Geothermal district heat 
sold at each of these prices produces the 


annual income shown. 
Against income must be set the pumping 
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Fuel Price, £ per GJ Income, £ per a 
Gas 1.98 $16,000 = 
Coal 2.46 142,000 

il 5.56 325,000 





costs since the ‘doublet’ operation. will 
require some 250 kWe. At 38% load 
factor® this represents £29,000 per YE 
where the electricity is purchased from a 
ulility at 3.5per kWh. The net incomes. are 
shown as percentages of the capital costs in 
the Figure and are seen to vary from 2% per 
yr. if the heat were supplied at gas prices to 
a sparse area of 12 households per hectare, 
to 16% if heat were supplied at oil prices to 
a densely populated area with heat demand 
from 150 households per hectare. 

Obviously a geothermal district heat 
scheme will be relatively attractive in a fuel 
economy dominated at the present time by 
oil, This is the case in France and explains 
the energetic French exploitation of their 
geothermal resources in heating schemes. 
in Britain, where the heating market is 
dominated by gas, geothermal district 
heating schemes will be rather less 
attractive as an investment. 

The income from each doublet may be 
increased if it is possible for the 
householders to accept a lower return 
water temperature of 50°C, allowing each 
borehole to supply 2,025 households. 
However, the network costs increase in 
proportion and the returns on capital are 
not significantly altered. 

Similarly the load factor of the 
geothermal system could be increased by 
adding fossil fuel fired boilers to the 
network to provide for peak demands. 
However, the network extension required 
to accept the boreholes’ output cause the 
improvements, if any, to be of second 
order. | 









Electricity generation 
The efficiency of Rankine cycle generation 
from a hot water geothermal source is!? - 


hh, | %. 1] 
| 


n=] |. 
i E ; l i 


where T, is the heat rejection temperature 
determined by the environment, T, is the 
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Type of district: 


Suburban Urban 


tity Centre 
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Geothermal district heating 
goid at price of vil 
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Annual income t 
Capital cost 


i 20 43 t9 šo ww 
Households per hectare ilog scale} 


How return on capital for a geothermal district 
heating scheme varies according to the 
household density and the equivalent fuel price. 


geothermal source temperature and T, is 
the temperature at which the geothermal 
fluid is reinjected into the aquifer. a is an 
empirical constant which is determined by 
the losses in the power cycle and we take the 
value a =0.6*. For 7,=373 K, T,=308 K 
and 7,=298 K, n=0.073 and the gross 
electrical output is 1 MW per doublet. The 
capital cost of the plant is £754,000" and the 
cost of the boreholes and connections to 
the central plant is £1.34M per doublet. 
Total capital is thus £2.09M for a net 
electrical output of 750 kWe. Operating at 
an 80% load factor this entrepreneur is able 
to sell some 5.3 x 10° kWh each year to the 
utility worth £116,000 at the current price 
of 2.2p per kWh paid by the Electricity 
Council’s Area Boards. The return on 
capital is 5.5% per year. 


Relative and absolute merits 
of the applications 


Of the two schemes, electricity generation 
would have a higher return on capital if the 
price at which the other sold heat were 
determined by gas, for all dwelling 
densities. For a density of 40 households 
per hectare it would require an increase in 
the price of gas by 30% with the electricity 
price unchanged for district heating 
to hold the advantage. On the other hand, 
if the price of heat were fixed by oil, district 
heating would provide the better 
investment for densities greater than 12 
households per hectare. The relative merit 
of the schemes is not sensitive to the 
assumed temperature of the aquifer. 

It should be noted that we have stacked 
the odds in favour of district heating, in 
three respects particularly. First, the 
boreholes are assumed to be within the 
district they serve. Heat transmission 
would materially raise the capital cost of 


the scheme. Second, we have included no 
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‘overheads’ allowance for the district. 


heating scheme. For the electricity scheme 
most of these costs are included in the 
difference between the Area Board’s 
buying and selling price for electrical 
energy. Third, we have assumed (with refs 
5 and 7) 100% market penetration. To 
achieve this, district heating would in fact 
have to set its price considerably below that 
of competing fuels. 

Neither of the schemes is particularly 
attractive in absolute terms; but should 
energy prices as a whole increase relative to 
other costs this particular conclusion could 
well be reversed. In a regime under which a 
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large proportion of electricity is generated 
from fossil fuels, major relative changes in 
electricity and fossil fuel prices seem 
unlikely. 

We conclude that the generation of 
electricity from low grade heat is at least as 
likely to become an attractive proposition 
as the provision of geothermal district 
heating in countries which, like Britain, 
generate a large proportion of their 
electricity from fossil fuels. Paradoxically, 
the geothermal electricity option saves 
money but wastes fossil fuels: we suspect 
that none but the most high minded will be 
put off. Ci 


Changes in length-of-day and atmospheric 


circulation 


from Kurt Lambeck 


OBSERVATIONS reported in this issue of 
Nature (Hide et al. p141) show that zonal 
components of atmospheric momentum 
contribute to high frequency changes in the 
length-of-day. 

For many years astronomers have 
observed fluctuations in the Earth’s rate of 
rotation — or changes in the length-of-day 
— that are attributable to various forces 
acting on the Earth’s mantle and to a 
redistribution of mass within the Earth, 
oceans and atmosphere. Despite the 
smallness of these departures from 


uniform rotation — changes in length-of- 
day of about 107° s typically occur over 
time intervals of a few days to several years, 
and changes of about 10™* s occur over 
several decades — they have intrigued 
geophysicists for many years and a 
complete discussion requires one to delve 
into atmospheric and oceanic circulation 
problems, into the Earth’s elasticity and 
anelasticity and into magnetohydro- 
dynamics of the core!’ (Fig. 1). 
Astronomers measure the integrated 
amount t by which the Earth is slow or fast 


Fig. 1 Schematic illustration of the forces that perturb thé Earth’s rotation. Topographic coupling of 
the mantle to the core has been referred to as ‘Core Phrenology’ by R.R. Hide while the beeties, 
following T. Gold, represent the effect of continental drift. 
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after a certain time interval by comparison with 
a uniform time scale and the first derivative 
of this function gives a measure of the 
change in the length-of-day. Figure 2 
illustrates the spectrum of the proportional 
changes in the length-of-day. Present 
techniques give accuracies for t of about 
1.5x10°3 s for an integration time of 
about 5 days? but new observational tech- 
niques based on laser range measurements 
ificial satellites or to the Moon and 
baseline radio-interferometry have 
| n developed. Preliminary results?” 
«indicate that improvements in resolution 
and precision are imminent. 

We can anticipate that a new part of the 
length-of-day spectrum will rise above the 
measurement noise level (see Fig. 1). For 
example, rapid changes in length-of-day 
may occur in conjunction with very large 
earthquakes, similar to the Chandler 
wobble problem®’, in which the direction 
of the rotation axis is displaced relative to 
the Earth’s crust when large earthquakes 
occur. Such changes will only be evident if 
there is no ‘meteorological noise’ in the 
length-of-day data or if the meteorological 
contribution to the length-of-day changes 
can be reliably evaluated from the 
meteorological data. 

The contribution of the atmosphere to 
the broad spectrum of rotation pertur- 
bations has long been recognized as being 
important. A satisfactory quantitative 
comparison. of the zonal angular 
momentum computed from wind data with 
astronomical observations was made only 
relatively recently® but it is now 
recognized’ that variations in length-of- 
day with frequencies between about 0.2 
cycles yr™! and 4 cycles yr™! are mainly a 
consequence of an exchange of angular 
momentum between the Earth and the 
atmosphere. This conclusion was 
substantiated by Lambeck and Hopgood in 
a recent compilation of ten years of zonal 

‘angular momentum!®, At higher 
frequencies (i.e. 2 4 cycles yr™') the 
atmosphere may contribute significantly to 
the length-of-day spectrum':?, A 
quantitative comparison of the length-of- 
day observations with the zonal winds in 
this frequency range has now been 
attempted by Hide and co-workers, (this 
issue of Nature pl41) based on data 
collected in 1979 during the first CARP 
Global Experiment. 

Hide et al. have attempted to evaluate 








the zonal component of the angular 


momentum of the atmosphere at 12 hourly 
intervals using wind and pressure data 
collected during two 8 week periods in 
1979. Where observations were incomplete 
they were supplemented by values deduced 
from numerical circulation models. A 
comparison with the astronomical length- 
of-day data, particularly for the second 
period, indicates a generally good agree- 
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Fig. 2 Schematic spectrum of the proportional changes in length-of-day based on. astronomical 
observations taken since the early nineteenth century. The error spectrum of Universal. ime is 





that which can be attained with astronomical observations since the introduction of atomic time: 
The error spectrum of ephemeris time is appropriate to the older data for the indicated time-intervals. 


ment and confirms that the atmosphere 
makes a significant contribution to the 
high frequency changes in length-of-day. 
In particular, observed changes in length- 
of-day over five day periods can be 
attributed to rapid exchanges of angular 
momentum between the solid Earth and 
the atmosphere. From Hide ef al.’s Fig. 
3 it is also clear that shorter period, 
atmospherically induced, changes in 
rotation can be anticipated when the new 
methods of observing the rotation are fully 
exploited. What Hide ef al.’s results show is 
that for precise and high-resolution length- 
of-day observations to be of geophysical 
use, the zonal wind field must be globally 
known with an accuracy and resolution 


that is at least as good as that collected 


during the first CARP Global Experiment. 
Such a major undertaking is justifiable for 
meteorological reasons. If future work 
substantiates Hide ef a/.’s conclusion then 
it may also become possible to use the high 
frequency and irregular length-of-day 
fluctuations as global contraints in 
numerical modelling of the circulation 
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and, in particular, this may lead to a better 
understanding of how the atmospheric 
torques are distributed over the Earth’s 
surface. | 

Towards the other end of the length-of- 
day spectrum, meteorological influences 
do not appear to be very important!” 
although some contribution cannot be 
excluded. Recently it has been suggested by 
Currie? that there is an 11 year length-of- 
day fluctuation asociated with the solar 
cycle. Such a suggestion has been made 
previously??? but this conclusion is hard to 
reconcile with the quality of the earlier 
astronomical data. For example, prior to 
1850 the astronomical data becomes only 
barely significant when averages are taken 
over 10 years while from 1923-55 only 5 
year averages are significant (Fig. 2). Only 
since the introduction of atomic time in 
1955 can one be certain that fluctuations 
with about 10 year periods will reflect real 
changes in rotation. This being said; a 
relation between solar activity and the 
Earth’s rotation cannot be dismissed if 
there is a solar influence on the zonal 
circulation as was suggested most recently 
by Nastrom anc Belmont'*. Attempts at 
evaluating the contribution of the 
atmosphere to long period length- of-day 
variations have not been wholly successful 
through lack of complete and reliable 
meteorological cata but they do indicate 
that the winds can contribute at most about 
10-20% to the decade length-of-day fluc- 
tuations. 

Partly by an elimination process, core 
mantle coupling processeshi? remain the 
most likely contenders for these decade 
fluctuations but here, as at the higher 
frequencies, the atmospheric contributions 
should be eliminated before other 
geophysical mechanisms can be reliably 
evaluated. Hide et al.'s results shows that 
this indeed can be done. 2 D 
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The Pocumatic Clock on the Place de la Madeleine 


100 years ago 


To distribute the time with accuracy and 
uniformity in a large city is a problem of great 
utility and extreme importance. This problem 
has been all but completely solved by the 


pneumatic clocks erected since March last in 
the principal streets of Paris and among a 
considerable number of subscribers, who, fora 
halfpenny a day, receive dials with pneumatic 
receivers established in the public streets and in 
private buildings. 

From Nature 22,8 July, 126, 1880. 





Neurological mutants affecting myelination 


from Richard P. Bunge 


THEIR names (twitcher, quaking, jimpy, 
shiverer, trembler and dystrophic) suggest 
characters froma Dickens novel. They are, 
in fact, colloquial designations of the 
neurological abnormalities characterizing 
6 strains of mutant mice, each with severe 
abnormalities of the myelin sheath within 
some part of their nervous system. These 
mutants provide important models of 
human disease and were the subject of a 
recent international meeting.* 

The spiral membrane of the myelin 
Sheath is formed by an intriguing feat of 
cellular acrobatics. The myelin forming cell 
extends a cellular process over a length of 
nerve fiber and deposits an expanding sheet 
of plasma membrane asa ‘jelly roll’ around 
the axon. As this cell process extends, the 
cytoplasm between the layers of 
plasmalemma is extruded and the spiralled 
membrane compacts into a multilayered 





*A meeting on Neurological Mutations affecting Myelination 
wes held at Seillac, France, April 13-17, 1980. The organiser 
was Nicole Baumann and support provided by the French 
agency, INSERM. The proceedings will be published by Elsevier 
— North Holland 


sleeve; this provides the insulating 
properties that increases conduction 
velocity. The myelination process, which 
occurs during the fetal and neonatal 
period, requires a large metabolic 
investment in the synthesis of prodigious 
amounts of new cell membrane; about 1/3 
of the weight of the mature mammalian 
central nervous system is myelin. 

Each of the curiously named myelin 
deficient mutants appeared on stage at the 
Seillac meeting but for one it was a debut. 
Twitcher provides a direct example of the 
results of a degradative enzyme deficiency 
in myelin-forming cells. This autosomal 
recessive mutant, first observed in 1976 at 
the Jackson Laboratory, has been studied 
by Duchen and his colleagues at the 
Institute of Neurology in London. They 
have observed that both the central 
nervous system (CNS) and peripheral 
nervous system (PNS) contain excessive 
numbers of macrophages laden with 
peculiar crystalloid inclusions and 
multiangular bodies. These were found in 
areas of myelin loss and closely resembled 





028-08 36/ 80/280 1006-02801 00 


cells that occur in the human degenerative 
disorder known as human globoid cell 
leukodystrophy, or Krabbe’s disease. 
When Suzuki and Kobayashi at Albert 
Einstein in New York measured enzyme 
activities in this mutant they found a severe 
shortage of the enzyme that catalyzes the 
breakdown of one of the most prominent 
myelin glycolipids, cerebroside, to 
ceramide and galactose. Whereas 
myelination begins in a relatively normal 
manner in these mice, the amount of 
myelin present progressively declines as 
cerebroside accumulates. The twitcher 
mouse thus seems to provide a model of the 
fatal Krabbe’s disease. 

Such exact modelling of human disease 
is uncommon but two of the other mouse 
mutants present pathological pictures 
resembling rare hereditary human disease. 
In the X-linked mutant jimpy (msd 
seems to be an allele) there is little myelin 
and the few myelin forming cells present in 
the CNS appear immature. Because there is 
little evidence of myelin breakdown or lipid 
storage it is considered a primary failure of 
CNS myelination, a condition comparable 
to the Pelizaeus-Merzbacher disease in 
man. Infants often succumb during the 
first 3 or 4 years of life. The primary lesion 
in both the human and mouse disease is not 
known but work presented by Braun and 
co-workers of Montreal suggests that a 
membrane precursor to myelin 
accumulates in the jimpy mutant but is not 
converted into myelin. 

The mutant trembler presents primarily 
PNS abnormalities including abnormal 
and sparse myelination with the concurrent 
deposition of connective tissue 
components which in time enlarge the 
peripheral nerve trunks. Aguayo and 
colleagures of Montreal (Soc. Neurosci. 
Symp. 4, 362; 1979) note that conduction 
velocity is much slowed in these nerves, 
that axon diameter is reduced and that 
Schwann cell proliferation continues at 
abnormally high rates into adulthood. 
Drawing on their experience with nerve 
transplantation (including the 
transplantation of human nerve biopsy 
specimens into immunosuppressed mice), 
this group has shown that trembler 
Schwann cells express their characteristic 
abnormality with axons in normal mice, 
and that Schwann cells from patients with 
Charcot-Marie-Tooth disease (an 
hereditary human disease with marked 
peripheral nerve hypertrophy) express a 
very similar phenotype with normal mouse 
axons. 

The dystrophic mouse was dis- 
covered in 1975 (Bradley & Jenkinson J. 
Neurol. Sci. 25, 249; 1975) and was initially 
considered a model of muscle disease. It 
has been found to have a peculiar lesion in 
the nerve roots of its PNS, involving a more 
or less total failure of Schwann cell 
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performance in these areas. Bunge and 
colleagues from St. Louis presented 
arguments at the meeting that this type of 
lesion could best be explained by an 
abnormality of extracellular matrix (ECM) 
within the nerve, i.e. a deficiency in the 
microenvironment of the Schwann cell. 
This contention derives from evidence that 
Schwann cell development is retarded if 
only axonal. contact is available without 
aneous contact with appropriate 
material (Bunge & Bunge J. Cell Biol. 
943; 1978). 
+1 Centre stage was reserved for a relatively 
‘new mutant, shiverer (the mutant mid may 
~ bean allele). Interest in this mutant derives 
from the specific lack of one of the major 
myelin componets — basic protein 
(Dupouey et al. Neurosci. Letters 12, 113; 
1979). This constituent is of special interest 
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for it causes a severe and sometimes fatal 
immune response when presented as an 
antigen with Freunds adjuvant. It 
previously had been assigned a quite 
specific role in normal myelin structure — 
that of stabilizing the compacted 
membranes of the myelin sheath. It was 
therefore not unexpected that CNS 
myelination was found to be severely 
deficient in this mutant (Privat ef al. 
Neurosci. Letters 12, 107; 1979) but it was 
surprising that myelin within the PNS, 
which also lacks basic protein, was quite 
normal in appearance, even at the level of 
the electron microscope (Kirschner & 
Ganser Nature 283, 207; 1980). This 
mutant was much discussed at the Seillac 
meeting; several attendees suggested that 
available data indicate a different role for 
basic protein in CNS and PNS myelin. © 


Timing in embryological development 


from Michael H.L. Snow & Patrick P.L. Tam 


NorMaL_ tables of embryonic development 
give the impression that the developmental 
processes are neatly co-ordinated, both 
spatially and temporally. The precision of 
timing of events is much stressed and 
frequently quoted in hours and minutes 
elapsed since the initiation of development. 
Certainly the synchrony observed between 
embryos of one species growing in a 
defined environment seems much more 
than mere coincidence. Evidence is 
accumulating that suggests a timing 
mechanism operates to control the 
emergence of developmental events. It is 
envisaged as a clock consisting of five 
components; the driving force (main- 
spring), operating an oscillatory 
mechanism (pendulum, balance wheel), 
which produces periodicity of emergent 
events (chimes on the hour), and all 
depending upon a linkage mechanism 
between oscillator and event (cog-wheels), 
and a capacity for adjustment in response 
to disturbance (correction for fast or slow 
running), (Brady Biological Clocks, 
Arnold, 1979). 

In biological terms little is known about 
the driving force, the linkages or the 
homeostatic mechanisms but they can be 
presumed to exist. Studies have focussed 
on oscillators and the periodic events. 
More often than not the oscillatory 
mechanism has been ascribed to events in 
the cell cycle, DNA replication, 
cytokinesis. The premise that these reflect 
the operation of aclock has arisen from the 
characteristic regularity of the process in 
different tissues, and cell types. However 
the distinction made between proliferative 
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cycles, which merely increase the number 
of identical cells, and quantal cell cycles, 
which generate daughters with develop- 
mental options different from the mother 
cell (Holtzer et al. Q. Rev. Biophys. 8, 
523; 1975) suggests that differentiative 
events may be gated by a periodicity not 
necessarily associated with cell cycles. 
Recent work throws some light on this 
subject. 

The cell nucleus is generally regarded as 
the control tower for cellular functions and 
it has been implicated in the timing of 
various developmental events. In Ascidian 
embryos the specific expression of the 
enzyme acetylcholinesterase in presump- 
tive muscle cells of the neurula (Whittaker 
J. Embryol. exp. Morph. 55, 43; 1980) has 
been shown to be under a stringent control 
apparently directly related to the number 
of DNA replications undergone in the 
nucleus. The timing of its appearence is 
unaffected when cell or nuclear divisions 
are prevented by metabolic inhibitors 
(Satoh J. Embryol. exp. Morph 54, 131; 
1979). In the mouse embryo, cavitation of 
the morula to form a blastocyst seems more 
plausibly related to nuclear events since it is 
not governed by chronological time, nor 
interfered with by manipulation of cell 
number or supression of cytokinesis (Smith 
& McLaren J. Embryol. exp. Morph. 41, 
79; 1977). 

Nevertheless, the nucleus can be 
excluded from other closely timed develop- 
mental events. In the mouse the time of 
compaction of the morula prior to 
blastocyst formation is not altered by 
changes in cell number, cell division, 
nuclear: cytoplasmic ratio or inhibition of 
DNA replication (Johnson, Pratt & 
Handyside in Cellular and Molecular 




















cleavage divisions but persist ia the ere Í ie 
of actual cell division and also conti 
when the cell is deprived of its nucleus 
(Hara, Tydemaa & Kirschner Proc. nain. 
Acad. Sci. U.S.A. 17, 462; 1980). Cyt y 
plasmic or membrane associated- mecha 
nisms need to beconsidered for the control 
of these events, At the molecular level in 
the mouse the timing of synthesis of ‘tissue- 
specific’ polypeptides is the same in normal 
or experimentally disturbed. embryos 
(Johnson, Handyside & B heen in | 
Development ir Mammals 2, { 7 
Blerkom & Brockway) N 
1977; Devel. Biol. 44, 148; 19 2 
It is an attractive idea that the f 
development of the embryo is. 7 
clock set in motion at the very be 
development but is this feasible? The — . 
control of somitogenesis in Amphibian e 
embryos is a later event that is precisely 
timed, regular and is currently explainedin 
terms of a clock model (Cooke 3rd. Symp. 
Brit. Soc, Devi. Biol. Cambridge 
University Press, 1977; Pearson & Elsdale 
J. Embryol. exp. Morph. 51, 27, 1979; 
Elsdale & Pearson J, Embryol. exp. Morph 
53, 245; 1979). In mammals the later 
molecular events concerning the in vitro 
appearence of amylase activity in 
pancreatic primordia (Wessels & Cohen 
Devel. Biol. 15,237; 1977; Spooner, Cohen 
& Faubion Devel. Biol. 61, 119: 1977) and 
the onset of responsiveness to androgen by 
mouse mammary tissue (Kratochwil Dew 
Biol. 61, 358; 1977) seem to relate to 
chronological age rather than cell cycle 
parameters since the biochemical changes 
coincide with the timing expected in vivo 





‘despite the fact that tissue mass and cell 


number may be quite different from that in 
the embryo in utero, 

It is unlikely however that the whole 
embryo is controlled by a single clock. 
Recent studies in the mouse in which 
embryos recover from a severe size 
reduction show that the neural ectoderm, 
the somatic tissues of somite and limb-bud, 
and the germ cell population recover 
according to different timetables and 
appear to be under separate intrinsic 
controls (Snow & Tam Nature 279, $55: 
1979). So, either the clocks can be changed 
independently at tissue or organ level by an 
exogenous insult or, during development 
when various cell populations are set aside 
each one becomes a mosaic of time zones. 
It is intriguing to speculate whether the 
obvious co-ordination of tissue inter- 
actions in normal embryogenesis arises as 
the result of the harmonics generated by 
signals of differing periodicity originating 
from the different time zones. Such a 
system is reminiscent of the phase-shift 
model for spatial and temporal 
organisation proposed by Goodwin and 
Cohen (J. Theoret. Biol, 25, 49: 
1979), E 
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Cree-Ojibwa hunting and the hare-lynx cycle 


from Robert M May 


MANY animal species exhibit well defined 
cyclic variations in abundance. Of 
particular fascination to ecologists are the 
dramatic cycles shown by many mammals 
in the boreal region of North America; 
these include the 3-4 year cycles of mice, 
voles and lemmings and the 10-11 year 
cycles of the snowshoe hare, lynx and other 
fur bearers. Indeed the hare-lynx cycle, 
which shows pronounced and regular 
oscillations extending back nearly 200 
years, is presented in essentially all intro- 
ductory ecology texts as the classic example 
of prey-predator oscillations (with discus- 
sion centering on whether the driving 
mechanism is the predation of lynx on 
hare, or predation of hare on their food 
supply with the lynx then entrained). A 
most readable review is by Hutchinson!. 

The cycles in populations of fur bearing 
animals are, in the main, deduced from 
records of pelt sales, kept by the Hudson’s 
Bay Trading Company and administrative 
agencies of the Canadian North. From 
time to time, people have questioned the 
assumption that these records accurately 
reflect the abundance of the harvested 
species. Thus Elton and Nicholson? and 
Keith? have considered — and dismissed — 
the possibility that fluctuations in prices, 
caused either by business cycles in 
nineteenth century Europe or by factors 
intrinsic to the fur trade, have driven the 
cycle. Cyclic epidemics of disease affecting 
the trappers have also been suggested, but 
seem unlikely*°. A more substantial 
suggestion, made independently by Gilpin® 
and Weinstein’, is that pelt records may 
reflect changes in the foraging strategy of 
the trappers, rather than changes in the 
population densities of the fur bearing 

‘Winterhalder® has recently combined 
ecological studies with historical evidence 
about the foraging practices of Cree and 
Ojibwa Indians in northern Ontario, in an 
exploration of the extent to which apparent 
population cycles are artefacts of fur 
trapping practices. 

Winterhalder first surveys studies show- 
ing that hare was a major component in the 
diets of boreal forest people. Particularly 
in the nineteenth and early twentieth 
centuries, when moose were scarce in, or 
absent from, northern Ontario (and 
possibly also from parts of Manitoba and 
Quebec), hare and fish were the main items 
in native diets. Winterhalder next examines 
the energy budgets for foraging for hare by 
Cree. In years of peak abundance there are 
around 1,200 hare per km?, and he 
estimates a net acquisition rate of around 
5,200 kcal per hr for time invested in 
snaring hares. At the trough of the hare 
cycle, the creatures are patchily 





Robert M. May is Class of 1877 Professor of 
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distributed, but average around 13 hare per 
km? and their net yield to Cree hunters is 
about 1,200 kcal per hr. (These figures are 
based on trapping with stationary wire 
snares, which were not widely used before 
1910; the older balance poles with snare 
loops made of string were probably not 
more than 10% less efficient). These 
figures suggest hare snaring would allow 
trappers to feed their families with 
relatively small investments of time and 
energy, when hare were abundant; the 
activity consumed significantly more time 
and energy when hare were relatively 
scarce. Finally, Winterhalder shows that? 
“until the twentieth century interior fur 
trappers could not exchange pelts for 
significant quantities of food. Dry goods, 
metal implements, tea, tobacco, and in 
some cases alcohol were available, but it 
was a recurrent problem for trading 
companies to transport or obtain sufficient 
food provisions even to maintain trading 
post personnel.’’ Thus native trappers 
seldom had the option of exchanging pelts 
for food, and in times of shortage the 
pursuit of species highly ranked as food- 
producing resources necessarily had 
priority over those valuable mainly for 
their pelts. 

These facts and inferences can be recast 
in the language of MacArthur and 
Pianka’s® theory of optimal foraging. To 
this end, Winterhalder separates the 
species sought mainly for food from those 
sought mainly for pelts, making allowance 
for some intermediate types. The food 
species, ranked roughly in the order of their 
net value (food value less costs of pursuit 
and capture), include moose, hare, beaver, 
fish and muskrat. The fur bearers include 
lynx, otter, mink, marten, fisher, beaver, 
muskrat, and hare. When highly ranked 
food resources (moose and hare) were 
plentiful they provided ample food that 
could be easily obtained (often by women 
and adolescents), allowing male trappers 
to® “concentrate on the second economy 
represented by the fur trade’’. But when 
hare became scarce (and with moose rare or 
absent throughout much of the nineteenth 
century), more attention had to be devoted 
to lower ranking food resources, such as 
fish and muskrats, thus lowering the 
overall efficiency of the food quest. This in 
turn restricted the time available for part- 
icipating in the fur trade; nor could furs be 
exchanged for staple foods. As a result, 
pelt-counts should be expected to cycle in 
parallel with the population abundance of 
hare. 

Winterhalder also quotes from trader’s 
reports, compiled by Bishop'® from the 
Hudson’s Bay Trading Company 
Archives. For instance, ‘‘the Indians say 
that they cannot hunt furs for want of 
Rabbits for they say that there is a few 
Martens on thir Lands but they cannot 


Make Traps for want of Provisions to live 
on.” 

Several interesting predictions follow 
from this analysis. 

First, the above mechanism would have 
the peak abundance of pelts of most fur 
bearers, such as lynx, fisher and marten, 
occurring roughly contemporaneously 
with the peak of hare abundance (and 
therefore, presumably, the peak of hare 
pelt-counts). The dynamical properties of 
prey-predator associations, on the other 
hand, would have the predator populations 
lagging those of their hare prey, typically 
by about one quarter of the period of the 
cycle. This dichotomy is not discussed by 
Winterhalder, who observes that either 
explanation of the cyclic fluctuations in 
those animals sought mainly for fur (and 
not for food value) is roughly consistent 
with the data. Gilpin’s® analysis, however, 
suggests the predator cycles do not lag 
significantly behind the hare cycles; this 
work could be taken to support the view 
that cycles in pelt records of fur bearers are 
artefacts of Cree-Ojibwa foraging strate- 
gies, rather than measures of the popula- 
tion dynamics of the animals themselves. 

Second, Winterholder observes that 
pelt-count cycles are more pronounced in 
the nineteenth than in the eighteenth and 
twentieth centuries. This was also a time 
when moose and caribou were relatively 
absent from the hunting grounds of the 
Cree and Ojibwa; without this important 
food source to buffer fluctuations in the 
hare population®, ‘‘the correlation 
between hare abundance and native atten- 
tion to the fur trade should be strongest’’. 

Third, muskrat is an interesting species 
in that it ranks relatively low both as a food 
source and in fur value. Winterhalder 
suggests that in times of hare-feast muskrat 
would have been spurned, but that in times 
of hare-famine the native hunters drew 
heavily on this less desirable food source, 
and sold the ensuing pelts. The resulting 
prediction is that peaks in muskrat pelt- 
counts should come in the troughs of hare 
abundance, and have nothing to do with 
the absolute abundance of muskrats as 
such. A somewhat irregular pattern of this 
kind 1s actually observed, particularly in the 
second half of the nineteenth century 
(when, as noted above, all patterns were 
more marked, by virtue of the absence of 
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moose). 

There are, of course, extensive field 
studies of the population dynamics of 
snowshoe hare, and, to a somewhat lesser 
extent, of lynx. These studies show the 
populations do in fact cycle, with periods 
of 10-11 years, Indeed, Bryant (of the 
University of Alaska) has shown that many 
of the deciduous plants browsed by snow- 
‘shoe hare in Alaska manifest defensive 
responses to heavy browsing, by produang 
resins or other compounds that are 
repellent or toxic to hares!!. The time lag in 
mounting this response is around 2-3 
years; such a time lag in the regulatory 
mechanism will tend to produce popula- 
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Primary productivity 


from Richard W. Eppley 


PEOPLE have been measunng primary 
production in the oceans using the !4C 
method of E. Steemann Nielsen for nearly 
30 years, yet they still argue about the 
accuracy and meaning of the measure- 
ments. Some of the debate concerns 
methodological details of little interest 
beyond the circle of measurers, but a larger 
part questions our understanding of photo- 
synthetic mechanisms, the absorption of 
sunlight by plants in the sea, quantum 
efficiency of photosynthesis as a function 
of depth and submarine irradiance, 
metabolic adaptations of algae.and other 
matters of broader interest. Oceano- 
graphers debated these issues 2-5 June at 
the 3lst Brookhaven Symposium on 
Biology in the presence of experts in the 
laboratory study of photosynthesis and 
algal physiology. The productivity of coral 
reefs and seaweeds was also discussed 


along with the significance of global © 


oceanic production for human affairs. 
Measurement of ocean photosynthesis is 
no longer the exclusive terntory of algal 
ecologists and physiologists as the 
experimental seawater samples contain 
minute animals that graze on the contained 
phytoplankton and bacteria — a 
_ microcosm exists within the productivity 
bottles. While this has long been known, 
we now realise that we must assess the flow 
of photosynthetic products among tiny 
animals and bacteria — the province of 
microbiologists and protozoologists — as 
well as among phytoplankton in order to 
estimate primary production. There is also 
concern that many oceanic species may not 
survive the mechanical and chemical 
insults of the measurement conditions and 
thus photosynthetic production may be 
underestimated by present methods. The 
size of the underestimate 1s unknown. 
There 1s agreement, however, that the 
problem is more extreme for the central 
oceanic gyres, such as the Sargasso Sea and 


tion cycles of period 4 x (2 to 3) = 10 years 
in the overall prey (food}-predator (hare) 
system!?. Species predatory upon the hare 
will then track this cycle. 

In short, there is direct evidence to show 
that populations of hares and other boreal 
fur bearers do exhibit oscillations. But the 
nature of the foraging economy of the 
Cree-Ojibwa hunters must be kept in mind 
when we try to draw inferences about 
populations from records of pelts traded; 
peltcounts tend to amplify and sharpen the 
underlying population cycles of fur bearers 
(such as fisher and marten) and some cases 
(such as the out-of-phase muskrat cycles) 
may be pure artefacts. o 


in the sea 


f 


comparable regions in the South Atlantic 
and North and South Pacific. Guesses of 


the magnitude of the underestimate seem- 


to range from a factor of two to an order of 
magnitude for these areas. However most 
of a day’s production in such regions is 
eaten, digested, defecated, decomposed 
and the organic-bound nutrients recycled 
during the day-night cycle of the 24-hour 
day. Thus, even those measurements 
suggesting higher values for production, 
such as daytime increases in oxygen in the 


“water and in the concentration of organic 


particles, living and dead, involve daytime 
increases that disappear by the following 
dawn. Upward revision of the photo- 
synthetic rates would not imply more food 
for fish although ıt would require some new 
thinking about the rates of elemental 


_ recycling in the surface waters and the 


ecological significance of: microbial food 
webs. Our understanding and the validity 
of 30 years of historical measurements of 
production ın the central oceans are more 
at stake than practical matters. 

Z. Dubinsky (University of Bar Ilan, 
Israel) confirmed J. E. Tyler’s earlier 
finding that the quantum yield of photo- 
synthesis is very low at the sea surface and 
increases to near Maximum expected values 
at the bottom of the photic zone. Jack 
Myers (University of Texas, Austin) 
explained why the theoretical maximum 
quantum yield (0.125 from the Z-scheme of 
photosynthesis with equimolar reaction 
centres for photosystems I and IJ) is rarely 
attained: the photochemical reaction 
centres are not always open to traffic. A. 
Ley (Rockefeller University, New York) 
found the reaction centres of unicellular 
red algae were not present: in equimolar 
amounts; this would reduce the maximum 
quantum yield expected in dim light, 
depending on the proportion of reaction 
centers I and II. The practical problem of 
the quantum efficiency of photosynthesis 
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arose in an argument over central ocean 
productivity. The arguments for order-of- 
magnitude greater production would 
require unrealistically high differences in 
quantum efficiencies between coastal and 
open-ocean regimes. Production would be 
1-2 grams carbon m`? day™! in both yet 
the fraction of sunlight absorbed by phyto- 
plankton is an order-of-magnitude greater 
in coastal than oceanic waters. 

Many of those present were interested in 
photosynthesis light curves (T. Platt, 
Bedford Institute, Dartmouth, Canada) 
the regulation of chlorophyll, and other 
photosynthetic pigments in algal cells (P. 
Falkowski, Brookhaven National 
Laboratory; J. Marra, Lamont-Doherty 
Geological Observatory) and the vertical 
distribution of photosynthetic pigments in 
the ocean (S. W. Jeffrey, CSIRO, 
Australia). Falkowski presented the 
interesting hypothesis that regulation of 
cellular chlorophyll content by light may 
involve a competition for ATP between 
ammonium assimilation leading to protein 
synthesis on the one hand and the use of 
glutamate in the biochemical synthesis of 
chlorophyll on the other. Both Marra and 
Falkowski suspect that the rapid adjust- 
ment of cellular pigment content with 
changing irradiance and light quality (i.e. 
with depth) can serve as tools to study rates 
of vertical water motions in the photic 
zones. Here biolagy may provide informa- 
tion on the near surface circulation that 1s 
difficult to assess with physical 
observations. l 

Developing conceptually adequate 
mathematical models of ocean phto- 
synthesis and phytoplankton growth rate 
(realted to photosynthetic production by 
the phytoplankton standing stock) has 
been a difficult task. Nevertheless, T. 
Bannister (University of Rochester) has 
achieved a satisfying model which could be 
fitted to the old data of J. Myers and J. R. 
Graham on Chlorella and the new data of 
E. Laws (University of Hawaii) for the 
diatom Thalasstasira fluviatilis. The latter 
data set and modelling includes nitrogen, 
phosphorus and light-limited growth. 
Several generalizations from the work will 
be useful in the field assessments: both the 
dark respiration rate and the ratio of 
chlorophyll «æ to carbon in phytoplankton 
are linear functions of growth rate, and the 
photosynthesis light saturation term is not 
altered when growth rate is reduced by 
nutrient limitation. 

Titbits of information were offered in 
profusion in the lecture hall and in the 
corridors. For example, R.. Rivkin 
(Johns Hopkins University) has succeeded 
in measuring with '*C the photosynthesis 
of individual cells of some large dinoflagel- 
lates. Cell division in diatoms seems to be 
less under the control of a biological clock 
than in dinoflagellates (S. W. Chisholm, 
MIT). It is still not clear whether photo- 
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- ATarecent, specially-convened meeting an 
international group of scientists attempted 
to devise a system to define and classify the 
interferons*. The following is the 
unanimous report from the group. 





The committee accepted the definition. 


for interferon: ‘‘To qualify as an interferon 
a factor must be a protein which exerts 
_ virus non-specific, antiviral activity at least 
in homologous cells through cellular 
metabolic processes involving synthesis of 
both RNA and protein.” 

The preferred abbreviation for inter- 
feron is IFN, each interferon to be identified 
according to animal of origin: e.g. human 
| (Hu TFN); murine (Mu IFN); bovine (Bov 
- IFN); rat (Rat IFN); chicken, porcine, 
feline, equine interferon, etc. However, it 
may be necessary in some cases to apply 
| generic nomenclature: e.g. monkey = - 
: Rhesus interferon, etc.; fish = Salmo 
. interferon, etc.; bat = Taderida interferon 
ete 
Interferons will be classified into 
-types on the basis of antigenic specificities, 
type designations to be alpha (a), beta (f) 
and gamma (y), corresponding to previous 
designations of leukocyte (Le), fibroblast 
(F), and type Il (immune) interferons, 
respectively. The old terminology of 
‘leukocyte’, ‘fibroblast? and ‘immune’ 
interferons were, by committee consensus, 
abolished, as they clearly were misnomers: 
both leukocyte and fibroblasts can produce 
each of these two types of interferon, and 
‘immune’ interferons are often induced by 
mitogens rather than by immune recog- 
nition reactions. Also, the abbreviation ‘F’ 
has often been used to designate either 
fibroblast or fast migrating interferons. 
Alpha and beta interferons are usually 
acic-stable and correspond to what have 





The meeting was sponsored by the National Institute of 
Alergy and Infectious Diseases and the World Health 
Grganization — US National Centre on Interferon and was 
heldaat the National Institute of Heaith in Bethesda, Maryland 
on March 7, 1980. Those attending were: William E. Stewart 
H Chairman: Interferon Laboratories, Memorial Sloan- 
Kettcring Cancer Center, 1273 York Avenue, New York, New 
York 10021, US), J. Edwin Blalock (Galveston, TX}, Derek 
©. Burke (loventryv}, Charles Chany (Paris), June K. 
O Durnick (Bethesdal, Ernesto Faleoff (Paris) Robert M. 
Friedman (Bethesda), George J. Galasso (Bethesda), 
Wofsang K. Jokhk (Durham, N.C), Jan T, Vileek (New 
York), hdins S. Youngner (Pittsburgh) and Kathryn C. Zoon 
C {Berresdai, 


respiration is significant for marine phyto- 
plankton (J. Burris, Pennsylvania State 
University). On a global average the fate of 
about 80% of the primary production is to 
be recycled within the photic zone. The 
relative importance in nutrient recycling of 
bacteria, microzooplankton, larger 
zooplankton and nekton in the photic zone 
appears to vary between the continental 
shelf, the slope water and the open ocean 
(W. G. Harrison, Bedford Institute, 
Dartmouth, Canada). 

Harrison’s paper is indicative of the 
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been called type LIF Ns; gamma interferons 
are usually acid-labile and correspond to 
what has been called type IL IFNs. If there 
are discovered to be classes of IFN which 
are not presently recognized, they could be 
designated sequentially IFN-delta, epsilon, 
etc. The Table lists the new nomenclature 
for human and murine interferons and the 
corresponding designations which have 
been or are being employed. Interferon 
preparations may contain more than one 
type: for example, interferons derived 
from human lymphoblastoid cells and 
interferons from murine fibroblasts 
contain both IFN-a and IFN-§. These can 
be designated as to predominant type. 
Thus, the interferons presently employed 
in clinical trials are either HulFN-a or 
HulFN-Z, or admixtures thereof. 

The committee’s recommendations 
apply at present only to human and murine 
IFNs, since there is insufficient 
information about IFNs from other animal 
species to allow differentiation into types. 
Workers using IFNs from other species are 
encouraged either to attempt preliminary 
classification based on antigenic homology 
with existing antisera specific for human or 
mouse alpha, beta or gamma IFNs, or to 
establish sequence homology with the 
known types of human and mouse inter- 
ferons. 

It is recognized that there may be size, 
charge, sequence and other heterogeneities 
within the designated IFN types? 
Currently, there is insufficient information 
available about the nature of these 
differences to allow designation of specific 
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subtypes. Properly documented diffe- 


rences in molecular size appear to be useful 


parameters for differentiation until more 
stringent criteria (amino acid sequence, 
monoclonal antibodies) become available. 
Molecular weight designations may be 
indicated in parentheses, e.g. Hu IFN-a 
(18K) or Mu IFN-8 (38K), or subtypes of 
IFNs based on specific amino acid 
sequence differences can be classified as 
Hu IFN-a,, HulFN-f,, etc. 

Indication of interferon origin for those 
that behave antigenically similarly may 
also be helpful. Thus, interferon from 
human lymphoblastoid cells and interferon 
from human leukocytes are both classified 
antigenically as HulFN-a, yet these 
interferons differ in certain amino acids. 
Therefore, the nomenclature HulFN-a 
(Ly) or HulFN-a (Le) may be used until 
such time as specific differences in amino 
acid loci have been established and subtype 
designations can be assigned. Also, it is 
now recognized that there are a number of 
forms of HulFN-a that differ in certain 
amino acids; eventually these may be 
designated according to specific amino 
acids and their locations. Schemes for such 
designation of subtypes of each of the 
major IFN types will be developed at 
subsequent meetings of the Nomenclature 
Committee. The next meeting of the 
committee will be held in April 1981. 
Suggestions and comments for 
consideration by the committee should be 
forwarded to the committee’s Chairman. 

The committee hopes that scientists and 
scientific journal editors will adopt the 
proposed nomenclature to avoid the 
proliferation of terms for the same 
substances and the indiscriminate naming 
of newly discovered factors. C] 





Old and new nomenclature for human and mouse interferons 


New Nomenclature 


Old Nomenclature 


Human Mouse 
IFN-o Le (leukocyte), type 1, pH 2 stable, F (fast), C, type I, 
foreign cell-induced pH 2 stable 
IFN-§ F (fibroblast), Fi, type I, pH 2 stable S (slow), A,B, type Í, 
pH 2 stable 
IFN-y HF Gmmune), type H, T, pH 2 labile, immune (HF), type H, 


antigen-induced, mitogen-induced 


expanding interest of biological oceano- 
graphers in the fate of primary production. 
Globally, about 20% of it appears to sink 
out of the photic zone. J. Walsh (Brook- 
haven National Laboratory) postulated 
that a large fraction of this sinking flux on 
the continental shelf off New York is 
buried in the sediments of the upper con- 
tinental slope, as shown by the relatively 
high sediment organic carbon content and 
a low (~ 6) ratio of carbon to nitrogen in 
the organic matter. Models of carbon flows 
in the circulation of the deep ocean (M. 
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pH2 labile, T, antigen- 
induced, mitogen- 
induced 


Fiadeiro, Yale University, New Haven) 
suggest what the magnitude of the sinking 
flux of organic carbon may be. Unhappily, 
the experimental measurements of the flux 
in the North Pacific using particle inter- 
ceptor traps are inconsistent with the 
models. Further collaboration among the 
several oceanographic disciplines seems 
required to clarify such problems and 
especially to define the significance of 
sinking organic particles as sinks and trans- 
porters of atmospheric carbon dioxide 
from fossil fuel burning. CI 
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Zeolitic structures as revealed by 
high-resolution electron microscopy 


L. A. Bursill*, Eliz. A. Lodge & J. M. Thomas* 


Department of Physical Chemistry, Cambridge University, Lensfield Road, Cambridge CB2 1EP, UK 








Interpretable images at 3-5 A resolution of synthetic A-type zeolite suggest possible mechanisms of vitrification and 
introduction of dislocations into zeolitic structures. Techniques may be developed to extend the lifetime of these, and 
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possibly other, beam-sensitive cage or tunnel structures. Evidence also exists for Si*”/Al 


aluminosilicate framework. 








ZEOLITE silicates are of considerable practical and academic 
interest in view of their role as catalysts, ion-exchangers, gas- 
purifiers, environmental cleaning agents and, following 
vitrification, as potentially useful matrices for the burial of 
radioactive waste’. For both channel and cage varieties 
synthetic adaptation has given rise, inter alia, to ultrastable 
zeolites possessing specific catalytic activity for either the 
cracking of petroleum or the production of gasoline from 
methanol, using highly silaceous hydrophobic molecular sieve 


solids such as ZSM-5 (ref. 1). The general chemical 
formula of a zeolite is M,D,.Al,,>,Si,-,..,0,,.mH,O 
where M and D may be mono- and divalent cations 


respectively, usually alkalis and alkaline earths in nature, but 
other ions in synthetic varieties. Dehydration of zeolites is 
usually complete at 350°C (refs 1,2) and is often reversible: 
dehydrated zeolites are strong desiccants, however, and 
molecules other than water may rapidly fill the channels’. 

Crystallographic studies and their implications for practical 
applications have been reviewed elsewhere’:? and an atlas of 
known zeolite structures is available’, although most 
structural work has relied on X-ray methods*. Gard*, 
however, used electron diffraction to obtain evidence for a 
pseudosymmetric cell doubling of a “Union Carbide’ zeolite A. 
Although his data led to a refinement of the structure when 
the weak reflections were measured by X-ray goniometry*, the 
wide range of zeolitic structural variations remains to be fully 
appreciated’. Thus there may be marked differences between 
hydrated and dehydrated forms? and it is not always 
practicable to locate all of the M, D and H,O sites or the sites 
of other ion-exchanged entities. Often crystals are too small 
(~0.1l um) for X-ray studies. Moreover, there are apparently 
many possibilities for the occurrence of short-range order, 
antiphase domain structures, topological transformations, 
coherent intergrowth, polytypism and stacking disorder, These 
are particularly relevant in considering the synthesis of new 
phases having desirable catalytic, sieve, or other properties. In 
several areas of solid state chemistry, such as transition metal 
oxides and chalcogenides, alloys and silicates high resolution 
electron microscopy has proved invaluable in elucidating the 
local atomic arrangement which may, in many cases, be lost or 
not readily detected using X-ray diffraction alone® 7 

There have been very few reports of high-resolution studies 
of zeolites, Although Menter“ first observed images showing 
d,,;,;=14.7A spacings in a synthetic faujasite in 1958 it was 
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ordering in the 


not until 1978 that Sanders” obtained the first high-resolution 
(~3 A) two-dimensional image of a (Linde L) zeolite. Sanders, 
however, used a zeolite as a resolution test object for a 1-MeV 
electron microscope and no new information about the 
structure was Obtained. This sparsity of electron microscopic 
data stems principally from the electron beam sensitivity of 
zeolites, which vitrify within seconds, or at most minutes on 
examination in normal electron microscope illumination 
conditions. This beam sensitivity is probably linked with the 
water present in zeolites. 

We report here the observation at high resolution (3-5 A) of 
two-dimensional structure images of a synthetic Na-A zeolite. 
Interesting changes associated with the crystalline/glass 
transformation and the first observation of dislocations in 
zeolites are also described. 





Fig. 1 
Computer 
crystal thickness = 50 A; objective lens defocus, 
resolution, 3.1 A. c, [001] projection of zeolite A aluminosilicate 


a High-resolution image of zeolite A, [001] projection. b, 
simulated image corresponding to C,=2.5mm; 
1,040 A; effective 


framework, Na atoms are indicated by @ and 
12.3 A 


Scale bar. 
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Stabilization of zeolites for 
electron microscopy 





We hypothesize that the primary source of the 
crystalline/glass transformation induced by the electron beam 
is the production of ionized species, in particular hydroxyl 
ions, which lead to bond softening and bending in the 
aluminosilicate framework. This, when accompanied by elastic 
stresses associated with dehydration, will strongly favour 
collapse of the structure and consequent transformation to a 
grossly disordered (glassy) state. We, therefore, set out to 
dehydrate some well crystallized zeolites by heating in air, or 
in vacuo, before examination in the electron microscope, by 
ion-exchanging H,O by inorganic salts, either during or after 
synthesis, and began a systematic study of a wide range of 
zeolites to discover which of these are least beam sensitive. 
However, in the case reported here, we were able to in- 
crease the longevity of the crystalline state significantly by 
simply pumping the specimens overnight in situ in the electron 
microscope (at ~ 10°” torr). 


Experimental 


The NaA zeolite samples used here were prepared by the 
Charnell method'’. Their nominal stoichiometry is 
Na, ,(AlO,),,(SiO,),..27H,O when fully hydrated. Fine 
crystals, ~ 10-50 um diameter, of this zeolite were placed in an 
agate mortar and crushed using a hard vertical thrust of the 
pestle, whereby a remarkably high incidence of (100) zone 
axis diffraction patterns were obtained. Such specimens were 
rapidly tilted into the symmetrical orientation using a JEOL- 
200 CX side-entry goniometer. Many such crystals showed 
good lattice images on the viewing screen and some of these 
persisted for a sufficiently long time (1-3min) to enable 
objective lens astigmatism to be corrected and the optimum 
defocus established before photography. Exposure times were 
typically 4-lls, using Kodak 4463 electron image film 
developed in D19 for 8 min. 

Two sets of objective lens pole pieces were used having 
spherical aberration coefficients C,=2.5mm and 10mm 
respectively. Calculations of the corresponding lens transfer 
functions at 200kV showed that at the Scherzer defocus’! the 
‘interpretable image’ resolution limits were ~3 and 4.1A 
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respectively. Previously it had been shown that 3A limit could 
be achieved, for example with parawollastonite and cordierite, 
only if a suitably reduced gun bias setting was used, along 
with low beam divergence (semi-cone angle «<1 mrad) and if 
all sources of acoustical vibrations were eliminated. 


Experimental results 


Figure la shows a high-resolution image for the [001] 
orientation, Note the large white blobs and also much smaller 
white blobs linking the former along (100). The dark intensity 
surrounding the small tunnels can be just resolved into four 
dark blobs. Figure 2a shows a wider view of the crystal. A 
strip of essentially structureless contrast may be seen along the 
thin edge. This is presumably amorphous as it shows a 
characteristic lack of fringe contrast which extends 
progressively into the crystal with increasing exposure to the 
electron beam. At the same time the electron diffraction spots 
gradually fade giving way to a diffuse halo pattern. In many 
cases it was possible to record only two images before all 
structural detail was lost. The interface between glass and 
crystal is surprisingly sharp in Fig. 2a, showing unit cell steps 
(~12A high) along (100) directions. Note changes in contrast 
giving a patchy appearance. Some patches (~ 150-200 Å 
diameter) show a loss of fringe detail in one of the (100) 
directions (A), others show generally reduced (B) or virtually 
no (C) visible structure. Note especially that small islands of 
fringes (D) may be found, apparently completely surrounded 
by glass. These remnants of structure show fringes only along 
(110). Further inspection of Fig. 2a, by sighting along [100], 
reveals what seems to be an extended dislocation (circled). 
Further dislocations are more obvious in Fig. 2b, which shows 
nearly the same area, but was recorded using larger objective 
lens defocus. Patches are now more clearly outlined, by dark 
lines resembling Fresnel fringes, and terminating half-planes 
(dislocations) are seen to be associated with the interface 
between patches of fringes misoriented by ~5-10° with respect 
to the bulk. 

Figure 3 shows a pincer-shaped intrusion of glassy material 
into a NaA crystal. The latter introduces a dislocation and 
extensive (~ 100-200 A) strained regions around the intrusion 
tip. 


y 


- 
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Fig. 2 a, b, Wider view of zeolite A crystal for two defects of focus showing development of glassy strip along thin edge of crystal and the 
appearance of patches ~ 150A diameter showing preferential loss of one set of {100} fringes (A). weak (B) or absent structural detail (C) and 
islands of weak {110} fringes (D) completely surrounded by glassy material. Note occurrence of extended dislocations (circled), sight along 


(100). 
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Fig. 3 Area of NaA showing pincer-shaped intrusion resembl- 
ing a glass-filled Griffith crack. A dislocation may be seen by 
sighting along the rows of tunnels (indicated by arrows). 


Discussion 


The ideal chemical formula is Na,,(A10,),,(SiO,),,. 27H,O 
when fully hydrated, with cubic unit cell a=24.6A, containing 
eight formula units*. The aluminosilicate framework contains 
two types of polyhedra: one a simple cubic arrangement of 
eight tetrahedra and the other a truncated octahedron of 24 
tetrahedra ($ cage). Their combination (Fig. 1c) produces a 
large cavity (a cage) with tetrahedral centres occupying the 
apices of a truncated cuboctahedron, free diameter 11 A. We 
have used the 12.3A psudo-cell'?, space group Pm3m, for 
convenience here, as there are not observable effects in the 
[001] projection due to Si/Al ordering. However, we have 
obtained evidence, from electron diffraction patterns of [110], 
[112] and [213] zones that Si/Al ordering does take place in 
our zeolite preparation. Thus hkl (all odd) reflections satisfying 
h+1=2n were observed'*. This confirms the recent criticism of 
space group Fm3c for NaA on the basis of high-resolution 
magic-angle spinning *°Si NMR studies'*:'*. The proposed 
Si/Al ordering scheme contradicts Loewenstein’s rule'*. Zeolite 
A is thought to retain its structure on dehydration, which is 
reversible, after which the cell parameter decreases by only 
0.02 A (ref. 2). 

Computer simulated images were obtained using multislice 
techniques'® and programs previously developed by Jefferson 
et al.'’. Computed images of zeolite Na A showed a faint grey 
blob in the centre of the a cage (large tunnels) if atomic 
coordinates for the Na atoms were included (Fig. 1b). These 
did not occur on the experimental images, suggesting that 
some Na atoms were either absent or had moved away from 
the centres of the tunnels on dehydration. In fact, the image 
match was improved by leaving out those Na* atoms having 
low partial site occupancy (indicated by open circles in Fig. 
Ic). Otherwise the image match was achieved assuming 


effective resolution of 3.1A. Further improvements in 
resolution (to 2.4A) are expected when ultra-high-resolution 
pole pieces (C,= 1.2mm) become available. However, we have 
clearly demonstrated that high-resolution images of zeolitic 
silicates may be obtained and that details of the contrast may 
be matched by computer simulation. Both large and small 
channels have been located. Further calculations and even 
higher resolution experimental images are necessary to 
determine whether specific cation-exchange sites may be 
located, but we expect that certain heavy ions may be found. 
We have already shown that the images are sensitive, in 
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optimum defocus conditions and for sufficiently thin crystals, 
to the cation content of the larger tunnels. 

NaA zeolite shows interesting contrast effects associated 
with transformation to the vitreous state. At least three 
processes seem to be operating. Thus, for Fig. 2a there is an 
extremely sharp interface, containing unit steps of 12 A, which 
seems to advance into the crystal one unit cell at a time, 
starting at the thin edge. Second, there are patches or islands 
of structure, B and C in Fig. 2a, which are misoriented by 
several degrees with respect to the bulk of the crystal. These 
sometimes show a deterioration in image visibility suggesting 
loss of crystallinity (A,B) whereas other patches appear 
completely vitreous. Patches of types A and B imply a 
preferential breakdown of the structure on {100} planes 
whereas remnants of {110} planes may continue to exist even 
in areas completely surrounded by glass (D). Apparently, 
vitreous regions ~ 150-A diameter form inside the bulk crystal, 
although we cannot rule out the possibility that regions having 
roughly circular cross-section are propagating into the crystal 
from upper or lower surfaces. Lattice rotation and the 
consequent production of dislocations may arise from the 
changes in cell parameter associated with the breakdown of 
{100} planes or with elastic strain due to changes in density of 
partially or completely transformed material. However, 
inspection of the structural drawing (Fig. lc) immediately 
suggests that the origin of preferential breakdown on {100} 
planes is due to shear across the relatively weakly bonded 
structural units linking f-cages. This may be associated with 
the loss of Na and consequent rearrangement of the 
aluminosilicate framework, possibly by face-sharing of f-cages 
forming sodalite type structure units*’*. (Note that sodalite 
may be obtained from zeolite A by a three-dimensional 
crystallographic shear operation {100}(400)). The circled 
extended dislocations in Fig. 2b,c may well represent the 
initial stages of this process. More detailed analysis of the 
defects shown in Fig. 2, may lead to structural models for the 
dislocations and for transition structures. 

A third transformation mechanism is suggested by the 
dislocation and strained region, surrounding the pincer-shaped 
glassy intrustion in Fig. 3. This resembles a glass-filled Griffith 
crack. Thus eventually relatively large areas (0.1-0.5 um) will 
be split off from the bulk crystal. This mechanism also leads to 
islands of crystalline or paracrystalline regions surrounded by 
glass. (Similar intrusions were observed in a [011] zone axis 
image of zeolite A.) 

This work was supported by the SRC, the University of 
Melbourne, and Unilever Limited. We thank Dr C. J. Adams 
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Fluctuations in the angular momentum of the Earth's atmosphere correspond fairly well with equal and opposite 


fluctuations in the angular momentum of the Earth’s ‘solid’ mantle. A 


decrease of 20°, of the relative angular 


‘momentum of the atmosphere during the second half of May 1979 was accompanied by a speeding up of the rotation of 


the mantle causing the length of the day (Lo.d.) 


to decrease by 0.6x 1073s. 


Although motions in the Earth's liquid core 


produce the more pronounced ‘decade’ variations in the Lo.d. there is no evidence that core motions produce lod. 


variations on much shorter time-scales. 





FLUCTUATIONS in the angular momentum M, of the Earth's 
atmosphere are of considerable interest to geophysicists and 
astronomers concerned with the dynamics of the ‘solid’ Earth 
as well as to meteorologists concerned with the general 
circulation of the atmosphere and numerical models'~®. All 
components of M, exhibit fluctuations due to changes in the 
distribution of mass in the atmosphere and in the pattern of 
winds, and these will be associated with changes in the rate of 
rotation of the underlying planet and with movements of the 
poles. We are investigating these fluctuations as new wind and 
pressure observations become available from FGGE (First 


GARP global experiment where ‘GARP is Global 
Atmospheric Research Programme), which started at the 


beginning of December 1978 and lasted for 1 year. A detailed 
study of fluctuations in all components of angular momentum 
in the Earth-atmosphere system based on these new data will 
be reported elsewhere. Here we outline our determinations of 
the main contribution to fluctuations in the axial component 
of M, namely that due to changes in the distribution and 
strength of zonal winds. (The main direct effect of 
redistribution of mass in the atmosphere is the alteration of 
‘the direction of M, which is shown largely as the slight 
compensating movements of the pole of rotation of the solid 
Earth.) The results are a valuable check on established 
methods for measuring variations of the Earth’s rotation on a 
ume scale of several weeks, and should prove particularly 
useful in testing new methods for monitoring more rapid 
fluctuations of the Earth’s rotation. These new methods’, 
notably very long base-line interferometry and laser ranging to 
artificial satellites and the Moon will eventually provide useful 
data on the general atmospheric circulation. 

The density of the atmosphere decreases rapidly with height 
‘and more than 95°, of the mass of the atmosphere is 
contained within the troposphere, which extends from the 
ground to an altitude of ~10km, and the lower stratosphere. 
‘These regions of the atmosphere rotate faster on average than 
the underlying solid Earth with a typical relative speed of 
about 10m s`}. Exactly how this super-rotation (a term used 
for the generally more rapid relative motions found in the very 
tenuous regions at heights around 300km) is produced and 
maintamed against the tendency for friction to oppose 
differential motions between the atmosphere and the 
underlying planet is a central problem in dynamical 
meteorology. 

In the absence of energy sources such as solar heating, 
internal radioactivity, and tidal forces due to the Moon, Sun 
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and planets, the solid parts of the Earth (crust. mantle and 
inner core) and fluid parts (atmosphere, oceans, liquid outer 
core) would rotate together as a rigid body with angular 
velocity Q equal to the angular momentum M +M, of the 
whole system (magnitude 5.85 x 10°? kg m?s~') divided by its 
principal moment of inertia [+/,=8.04« 10°’ kgm? where J, 
is the principal moment of inertia of the atmosphere. During 
the development of the three-dimensional and non- 
axisymmetric global atmospheric circulation following the 
imaginary switching-on of the main source of energy for 
atmospheric motions, solar heating, M, would increase by an 
amount OM, (magnitude=1.5~ 10°°kgm’s°'} associated 
mainly with the average super-rotation of the troposphere and 
lower stratosphere at average angular speed 6M, //1, relative 
to the underlying plant, about the main rotation axis. As I, 
= 1.42 x 10 kgm? then 6M, |/1,= 107° rads”! $1.5 
x 10° HO.. Fo conserve the angular momentum of the whole 
system a change ðM = —òM, in M would occur. largely 
manifested as a reduction in the magnitude of the aa 
velocity of the solid Earth by an amount òQ = Ai ‘TS 
x10°'* rads”! =3« 107 “el. Thus the lo.d. = Ini Q He 
increase by about 3x 107*s which is small in absolute terms 
but comparable in magnitude with the largest changes in the 
lo.d. revealed by astronomical transit observations. 
Fluctuations in the relative angular momentum (M, — LQ) of 
the atmosphere of 20°. in magnitude could therefore produce 
changes in the length of the day of 6x 10°45 and as there are 
observed changes of this magnitude on meteorclogical time 
scales of weeks and months it is reasonable to suppose that 
these changes might be produced by the fluctuations in the net 
couple C applied by the atmosphere to the underlying 
planet? 
The couple C is a result of the instantaneous imbalance 
between the positive couple exerted by the atmosphere on the 
Earth in mid-latitudes, where the zonal component of surface 
winds is generally eastward (westerly) and the negative couple 
in tropical regions, where the surface (Trade) winds have a 
westward (easterly) zonal component, and to a much lesser 
extent in polar regions, where westward surface flow is found. 
Although comparatively large (and negative} during the 
setting-up process, this imbalance usually amounts to no more 
than a few per cent and fluctuates in sign, exhibiting persistent 
quasi-biennial, seasonal and irregular variations. Direct 
determinations of C cannot yet be made: even with a 
complete set of surface wind and pressure observations, an 
understanding of boundary layer processes and airflow over 
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Fig. 1 Twice daily values of U=r,m,/1, (effectively a measure 
of the axial component of the total relative angular momentum 
(M, — LQ) of the Earth’s atmosphere) during the first (a) and 
second (b) of the two special observing periods of FGGE, 
together with the contributions to U from the Northern and 
Southern Hemispheres. Here rẹ is the mean radius of the Earth, 
6.37x10%m, 7, is the principal moment of inertia of the 
atmosphere, 1.42 x 10°*kgm?, and Q is the angular velocity of 
the solid Earth relative to an inertial frame. Solid lines are based 
on the analysis scheme used by the British Meteorological Office 
and the broken lines on the US National Meteorological Center 
analysis scheme. 


and around mountain ranges well beyond the present 
knowledge would be required. But values of C can be inferred 
indirectly from variations in the distribution and magnitude of 
zonal winds or from determinations of associated variations in 
the Lo.d. 


Angular momentum budget 


In examining the angular momentum budget of the solid and 
fluid parts of the Earth allowance should be made for the 
contributions from the oceans and fluid core as well as from 
the atmosphere. The relative angular momentum associated 
with ocean currents is very much less than (M, — LQ) so that 
direct angular momentum transfer between the oceans and the 
solid Earth should produce negligibly small effects. On the 
other hand the relative angular momentum associated with 
motion in the liquid metallic outer core might be as much as 
10x (M,-—/,Q) in magnitude, and indeed it is generally 
considered that angular momentum transfer between the core 
and solid mantle ts “responsible for the biggest fluctuations (+5 

x 10°75) observed in the lo.d, the so-called ‘decade 
variations ™ >56, It is unlikely (as the present study implies) 
but not yet certain that the core can produce significant l.o.d. 
changes on time scales less than a few years: this is a matter 
for more extensive future investigations of residual effects 
based on accurate determinations: of Lo.d. changes and of the 
atmospheric contribution®. Conversely, the expected 
relationship between short-period Lod. fluctuations and 
Changes in M, is likely to involve the moment of inertia In 
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(=7.1 x 10% kgm?) of the crust and mantle, not the moment of 
inertia I of the whole Earth, which is ~ 10%, greater than fa. 
The quantity 


ne rf ptr. 0,4, utr, 0, 2,0) cos? Pdr di dë 
ow an O r 


(1) 


is the axial (parallel to Q) componert of the relative angular 
momentum on k 1 of a whole Eea a Here p and u 


os at a time f at a , point with rhe rical polar aoe 
@ (latitude), 4 (longitude) and r pen from the centre of 
the Earth), the volume integration be ng taken over the whole 
atmosphere, from the surface r=r, of the Earth upwards. The 
density and pressure in the atmosphere satisfy the hydrostatic ` 
relationship ĉp/ĉr= —pg where g is the acceleration due to 
prii Poraus the SINE Mekara of jes E iso 


of the pene. planet, a: he a g a not 
depart significantly from its mean surface value of 981 ms? 
and so both r and g can be treated as constants in equation 
(1). Thus, we have 


u(p.@, A.t)cos* Gdpd/ di (2) 
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where p, is the surface pressure. 
It is convenient to introduce as a measure of m, a quantity 
U with dimensions of speed (ms~'): 
U=rgm,/I,  (=448x«10776m,) (3) 
U is thus equal to the relative zonal velocity at the equator of 


a solid body having the same mass distribution and total 
angular momentum as the atmosphere. 


Relative zonal velocity 


Determinations of U have been made from data obtained at 
12-h intervals during the two periods 4 January (OGmT)-5 
March (OGMT) and 1 May (OGmMr)}-30 June (OGMT) 1979. The 
procedure adopted is to evaluate U from finite interval 
approximations to the continuous integral (2) using values of 
the zonal wind defined at grid points on a global three- 
dimensional mesh. These grid-point values are obtained from 
the raw observations (which are, in general, not made at the 
grid-points) by an elaborate analysis method involving 
temporal as well as spatial interpolation and weighting based 
on forecast fields generated by a numerical circulation model’. 
These results are referred to as the Meteorological Office 
(MO) results. To give a preliminary estimate of the errors 
involved, the MO results were compared with what we call the 
NMC results. The latter were obtained by recalculating U 
from an analysed data set from the US Naticnal 
Meteorological Center: this data set had been produced using 
the analysis scheme in operation at the NMC®. Any 
discrepancies between the MO results and the NMC results 
can be mainly attributed to differences in analysis schemes, but 
also to the fact that the basic data sets were not quite identical. 
Figure la shows the variation of U for the first special 
observing period as well as the separate contributions from the 
Northern Hemisphere (NH) and Southern Hemisphere (SH). 
The difference between the two global variations is largely 
accounted for by the discrepancy in the SH values, the NH 
values being in much better agreement. Even in the SH the 
discrepancy seems to be more systematic than random, so that 
changes with time are quite well correlated between both 
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records; however, this is not definite in view of the absence of 
marked trends in both SH records. The global angular 
momentum is dominated by the NH contribution. This is 
expected because of the large pole-Equator temperature 
gradient in the NH winter, which produces a large vertical 
variation of zonal winds, and the comparative weakness of 
mean surface winds. The NH makes a comparatively large 
contribution to changes in the global angular momentum. This 
is consistent with the hypothesis that interaction of the 
energetic winter hemisphere circulation with orography is the 
main mechanism responsible for fluctuations in U. 

Figure 1b shows the variations of U and the contributions 
from the NH and SH during the second period. Fluctuations 
in the NH and SH contributions to U in the MO and NMC 
results are similar, but theregare quasi-systematic differences. 
Thus the NMC results are systematically lower than the MO 
results for the SH contribution, whereas the reverse is the case 
for the NH contribution: nevertheless, the two global results 
are in good agreement. The SH contribution to U dominates 
during the second period, and the time variation reflects 
mainly the seasonal decline of the NH contribution. This is 
associated, of course, with the weakening of the NH zonal 
circulation as the temperature difference between low and high 
NH latitudes decreases. Changes on time scales of 1-2 weeks 
are generally less marked than in the first period, possibly 
because of the comparative scarcity of land masses and 
mountain ranges in the SH and the weakness of the NH 
circulation in summer. However, the most marked change of 
U found in these results did take place during the second 
period. 





Discussion 


A comprehensive error analysis is not yet available; this will 
form part of future studies. However, the appearance of the 
same major changes in U in both MO and NMC results 
presented here suggests that these features are real. A decline 
in U of ~ims7! between 21 January and 7 February is 
conspicuous in both MO and NMC results (Fig. la) and an 
even more spectacular decline, ~1.5ms~', appears between 18 
May and 2 June in both records also (Fig. 1b). 


~2. 127-~F--3.0 


Fig. 2 Comparison of 
the expected changes in 
the length of the day (Ar) 
derived from the me- 
teorological results dis- 
played in Fig. 1 alongside 
observed changes from 
astronomical measure- 
ments (see text}. 
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We now compare the meteorological results with estimates 
of Lo.d. variations, as revealed by astronomical observations. 
These estimates can be made by comparing universal time 
(UT), defined by the Earth’s rotation, with atomic time (TA). 
uri is based on the rate of rotation of the Earth as 
determined astronomically from transits of stars and Doppler 
tracking of artificial satellites; TAI is the international atomic 
time scale based on a certain resonance of the caesium atom 
and can be regarded as perfectly uniform for the present 
discussion. It is necessary to allow for all significant tidal 
effects':*:4°, This was achieved by taking values of the 
difference between TAI and UTI at intervals of 5 days as 
published by the Bureau International de Heure (BIH) in 
Paris, which have already been corrected for annual and semi- 
annual tides and diurnal nutation. and removing effects due to 
fortnightly and monthly lunar tides (M; and Mm {ref. 1)), thus 
obtaining a quantity f(n), where n is an integer specifying the 
pentad to which f refers. (The amplitudes of these tides were 
taken from Table 14.3 of ref. 10.) The values of f(n) were then 
smoothed to eliminate high-frequency scatter and the first 
derivative At(n) at each pentad was calculated. This was done 
using the following 11-point convolute (which exploits the fact 
that the data were equally spaced in time): 


At(n) = (429 x 5)7 {89 f(n) + 84(Uf (n— 1) 4+ f(n+1)) 
+69(f(n—2)+f(n+2)) 
+ 44(f(n—-3)+f(n+3)) 
+9(fin—4)+f(n+4)) 
— 36(f(n—5)4+f(nt+5))y (4) 


If tat-uT! is in seconds, At(m) measures the change in the 
length of the day relative to the reference day of 86400SI 
seconds, which by convection ts the average length of the 
mean solar day during the nineteenth century and corresponds 
to an angular speed Q, = 7.29211515 x 10° ° rads” ' (see ref. 6). 
The results are joined by a light continuous line in Fig. 2. The 
right ordinate gives the corresponding values of AQ(n) and 
AM {n} where 


AQ = (Q-Q) = —QAt/2r (5) 


and 
AM = QI „At/2r (6) 


which is the concomitant change I AQ in the angular 
momentum of the Earth’s mantle. 

If the fluctuations ôm, (as measured by dU, see equation (3) 
and Fig. 1) in the axial component of relative angular 
momentum (M,—1,Q) of the atmosphere manifest themselves 
largely as equal and opposite variations in the axial 
component of the angular momentum of the mantle of the 
Earth [,Q=1,,(Q).+AQ) then the corresponding fluctuations 
6Q in Q (and in AQ since Q, is constant by definition, see 
equation (5)) are such that dQ satisfies 


6Q= —dm,/1,, (7) 


The corresponding fluctuations in the length of the day are 
given by 
d(27n/Q 


)= dm, (22/O51,,) = OU (221,/Q2 rel, ) (8) 


Values of the quantity 


U (271, rela) (9) 
are plotted in Fig. 2, based on the MO and NMC results 
presented in Fig. 1. If the hypothesis expressed by equation (8) 
is correct and the values of Ar evaluated by the I1-point 
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smoothing procedure {see equation (4)) are dependable. then 


the curves representing the meteorological data in Fig. 2 


should resemble the shape of the curve representing the 
astronomical data but be separated by a constant vertical 
distance At,, to be determined from the data. Thus 


Ate At, +U (201, Grela) (10), 


Comparison of these results shows that this is so, especially 
during the second special observing period. Indeed the curves 
are nearly coincident: that is to say At, <Ar, This unexpected 
result implies that the net reduction of the angular momentum 
of the mantle due to the combined effects of tidal friction and 
other agencies (including any couples acting on the base of the 
mantle as a result of motions the liquid core of the Earth} 
since the nineteenth century is close in magnitude to the mean 
relative angular momentum of the atmosphere in 1979. 

The likely connection between fluctuations in the zonal 
winds and in the Lo.d. has long been appreciated? but the 
earliest studies were handicapped by the incomplete wind data. 
Now, as a result of FGGE, it has become possible to make ¿ 
close comparison between the changes in the angular 
momentum of the atmosphere and the mantle. The agreement 
overall shown in Fig. 2 between the expected changes in the 
l.o.d. according to the meteorological results and the changes 
observed astronomically is good, particularly during the 
second special observing period. The [i-point smoothing was 
chosen because it reduced the considerable scatter in the ‘raw’ 
astronomical results and yet preserved apparently real 
fluctuations greater than about 10°*s. The agreement shown 
in Fig. 2 indicates that the meteorological results provide some 
control on the degree of smoothing that might safely be 
applied to the astronomical data. Previously this has only been 
possible from a consideration of the internal errors, which is an 
unreliable procedure. 


Conclusions 
By continuing the surveillance of the atmosphere it should be 
possible to subtract the changes in the angular momentum of 
the atmosphere from the astronomically determined changes in 
the angular momentum of the mantle and thus find the 
residual changes due to interaction between the mantle and 
the core. The magnitude and temporal behaviour of this 
interaction will be of particular interest. When the new 
methods for monitoring the Earth’s rotation based on very 
long base-line interferometry and laser ranging to artificial 
satellites and the Moon are fully operational, it should also 
prove possible to carry out a more detailed comparison with 
the meteorological data. The results of such an investigation 
will be reported elsewhere. 
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Evidence for live “Cm in 
the early Solar System 
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ee of the “U; TU ratio in the Allende meteorite, ranging from — 358°. 


to +19". are interpreted as evidence 


of live “Cm in the early Solar System. The amounts of these and other PE e in the Solar System indicate values 
of (9,000 + 3,000) Myr for the age of the Galaxy and ~8 Myr for the time between the end of nucleos ynthesis and the 
Jormation of meteoritic grains. Three possible explanations are presented for the different values of the latter time 


period which are indicated by the decay products of **’Cm, 


THE nuclide *4’Cm decays to *°°U with a half life (t,,,) of 15.6 
Myr. As both parent and daughter are actinides, the existence 
of live *4’Cm at the time when solids formed in the primitive 
nebula would only cause variations in the present 7*8U/775U 
ratio if chemical fractionation separated Cm from U. Thus, 
uranium isotopes in primitive solids may provide important 
information on the time scale (T) for galactic nucleosynthesis 
and the time interval {A) between the termination of 
nucleosynthesis and the formation of solids in the early Solar 
System’. 

Earlier age estimates, based on the normal 778U/2*>U ratio, 
137.83 (ref. 2), the #U/2?Th ratio, and/or these ratios in 
combination with the '®’Re/!87Os, 244Pu/238U and 1291727] 
ratios’“'', indicate that galactic nucleosynthesis occurred on a 
time scale T of ~10* Myr and that solids formed after an 
interval A of ~10* Myr. However, recent discoveries of the 
decay product of *°Al (t,,.=0.73 Myr) in Allende’?-'? and the 
decay product of +% Pd (t, =6.5 Myr) in the Santa Clara iron 
meteorite? imply that the interval A may instead be ~1 Myr. 

In addition to isotopic anomalies from in situ decay of 
short-lived radionuclides which existed in the early Solar 
System, the discovery of isotopically anomalous oxygen in 
Allende was interpreted as evidence that meteorites trapped 
'€Q-enriched interstellar dust grains'*. It has also been 
suggested that the oxygen anomaly indicates incomplete 
mixing of material injected from a nearby supernova (SN) 
which triggered the collapse of the presolar nebula!®, or 
isotopic differences between the various chemical components 
of the interstellar medium which were taken up differentially 
as solids formed'’. The discovery of nucleogenetic anomalies, 
in addition to radiogenic ones, has overthrown the dogma of 
isotopic homogeneity in the pre-solar nebula, and raised 
doubts about the validity of classical nucleocosmochronology. 

Recently, Arden!® reported that the SUA U ratio is as low as 
46 in an acid-etched residue of Allende, and additional analyses 
seemed appropriate to verify these findings. We report here 
the results of precise measurements of uranium isotopes i 
various phases of the Allende, C3V carbonaceous chondrite. 
Variations in the isotopic composition of uranium are 
attributed to the existence of **’Cm and to chemical 
fractionation Bae U in ane eariy Solar Syal Ta levels 

oan 
Th ecco rene to A the SN trig gger ne ad the 
presolar grain'*:'’ hypotheses. 


*Present address: Department of Chemistry, University of California, 
San Diego, La Jolla, California 92093. 
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Experimental techniques and standards 

The isotopic composition of uranium and concentrations of U 
and Th in inclusions and acid resistant residues of Allende 
were precisely determined by using a spike enriched in 733U, 
**°U and 7°°Th and by pulse-counting on a two-stage, NBS- 
Aa mass oo PERE a the A ey Re me 


to monies mass fr actionation of uranium isotopes. 

By this technique, the **°U/?*°U ratio can be reproducibly 
determined i in $ ng zor LA uranium, DES 500, to we 
adan of tie uranium, NBS. 950a S ratio can ce 
determined only to within +0.5%, (26). The reproducibility of 
“S8U/29°U ratio measurements on a standard solution of 
NBS-950a and on terrestrial basalts is shown in Fig. [. The 
accuracy of the ratio measurement on small amounts of 
uranium depends solely on the count rate of 7°"U, and 0.1 ng 
of natural uranium always provided a signal of more than 100 
counts per second ic.p.s.). When the count rate of 77°U is less 
than 50 c.p.s., the apparent value of the 72°U/27°U ratio tends 
to become smaller because of background contribution to the 
2°) signal. 


Uranium anomalies in chondrules 
and inclusions 


Inclusions of Allende were separated from a specimen coated 
with fusion crust using stainless steel tools under a laminar 
flow bench in an ultra-clean laboratory. Inclusions supplied 
from the National Museum of Natural History and several 
inclusions left from the previous U-Pb chronology study?! 
were also analysed. Some of the inclusions were analysed by 
electron microprobe for mineralogy. The isotopic compositions 
which we measured for U in these inclusions are shown in Fig. 
? 


Our results demonstrate that: (1) inclusions of Allende 
indeed display variations in the PUSU ratio, ranging from 
—4 to +3.5°% of the terrestrial value, 137.88, whereas Arden!” 
reports normal to lower values in all samples except one: (2) 
spinel-bearing pink aggregates show definite negative isotopic 
anomalies in the 7°8U/?>°U ratio ranging from —4 to —0.5%%, 
but all white to grey aggregates show positive anomalies 
ranging from +0.5 to +3.5°%: and (3) the Mg-rich chondrules 
show no definite anomaly pattern, with variations of +3 to 
—3°% in the 728U/235U ratio, whereas this ratio ranges from 
normal to +2°, m the Ca~Al-rich chondrules. 

Such large variations in the UZU ratio (up to 7%) 
cannot be the result of isotopic fractionation alone and will 
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Reproducibility of 7°°U/*?°U ratio measurements on the 
NBS-950a standard and on terrestrial basalts. 


Fig. I 


therefore be taken to indicate Cm/U fractionation. In view of 
the fact that ***Pu (t,..=81Myr) and 1I (t,,.=16 Myr) 
survived the interval A, it would be reasonable to assume 
that 74"Cm (t,,.=16Myr) was also present in early Solar 
System condensates. If chemical fractionation of Cm/U 
occurred, then the grey to white aggregates trapped actinides 
with a lower Cm/U ratio than did the pink aggregates. 
Although the mineral components responsible for these 
fractionations are not known to us, it seems plausible that the 
orange-red V-rich spinel or Ti-bearing fassaite*? may have 
lower 7°°U/27°U ratios because *47°Cm?* may have entered 
V** or Ti>* crystal sites in preference to UO3*. 

Alternative explanations for the variations observed in the 
238U/735U ratio include: (1) differences in recoil effects when 
the U isotopes were produced by «-decay; (2) contributions to 
the presolar nebula of transbismuth elements from two or 
more r-processes of nucleosynthesis with different 738U/2*5U 
production ratios; (3) contributions from two or more 
nucleosynthesis events which occurred at different times; (4) an 
‘early’ cosmic-ray irradiation which preferentially destroyed 
79>UJ (ref. 23); or (5) the presence of live 74*Pu (t,,, 
=0.38 Myr), the precursor of 738U, in the early Solar System. 
The latter possibility is indicated if Lee et al.?* are correct in 
concluding that °A! levels in Ca—Al-rich inclusions of Allende 
require a very short formation interval after nucelosynthesis, A 
<3Myr. In any case, the early Solar System contained other 
r-products, ***Pu and '?°I, with half lives comparable with 
that of 7*’Cm. Thus, Cm/U fractionation is the most probable 
cause for the 77°U excess. 


Uranium anomalies in acid etched residues 


Because the mineral phases responsible for the negative and 
positive anomalies were not clearly identified in this early 
phase of our study, we prepared HCI-HF insoluble residues of 
Allende matrix to see if the anomalous uranium might reside 
in the minerals (carbon, chromite and spinel) which contain 
isotopically anomalous noble gases and tellurtum?5~2°. The 
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presence of anomalous noble gases and tellurium in such 
residues implies a signature of presolar grains which might be 
the source of isotopically anomalous uranium. 

Our procedure for preparing these residues is that of 
Anders’ group?*~?’. After removal of most visible inclusions, 
an insoluble residue of 154mg was prepared from 3ig of the 
Allende matrix by treatment with HCI-HF at room 
temperature. The residue was then etched repeatedly, for 
periods of 24h, in 6M HCI. Etching was conducted in a 
Teflon container at 150°C, with the dissolution of chromite, 
and probably spinel. After five HC] etchings. the solution was 
essentially colourless, indicating that tne chromite (PeCr,Q,), 
and probably the spinel (MgAl,O,} were dissolved. We 
denote this fraction as ‘spinels. The black residue which 
remained was then etched for 24 hours in concentrated HNO, 
(16M) at 200°C. In these conditions, the ‘carbon’ was 
dissolved leaving a yellowish-white residue. This residue was 
further treated with concentrated HCIO, for one day at 
150°C. 

The dissolution of ‘spinels’ in HCI at elevated temperatures 
was verified by a mock experiment on terrestrial chromute and 
spinel. The HCI dissolution was used instead of the H,PO,~ 
H,SO, mixture’™?? to minimize analytical blanks. The 
dissolution of ‘carbon’ may be accompanied by the dissolution 
of an ill-defined mineral Q {refs 25-27). We denote this 
fraction as ‘carbon’ because it was obviously the dominant 
phase which dissolved when the residue was treated with 
concentrated HNO, at 200°C. 

Measured concentrations of U and Th in each fraction and 
the isotopic compositions of U are presented in Table 1. Due 
to the low 7U count-rate in fraction 2 the data for 
‘spinels’ have large experimental uncertainties. In spite of this, 
the high 738U/7*°U ratio in ‘spine’s’ is quite significant 
because, as noted above, measured PUSTU ratios tend to 
become small when the 7*°U signal is less than 50 cps. The 
amounts of U in fractions 3, 4, 5 and 7 were too low for 
reliable isotopic analysis. 

The 738U/73°U ratio in carbon is low, and the intermediate 
value of SUSU in fraction 1 is probably due to physical 
flotation of some extremely fine, black particles which later 
dissolved when the decantate was converted in an HNO, 
medium for purification of U by anion exchange. 

We estimate the 7°°U/77°U ratio in the total acid residue to 
be ~116 from the values observed in fractions 1, 2 and 6. 
However, as our residue was prepared from miatrix-rich 
portions, the results of this estimate do not necessarily provide 
support for the low values reported by Ardent”, 

The extremely high value of the PUAU in fraction 2, 
when ‘spinels’ dissolved, seems to be inconsistent with Arden’s 
report'® of extremely low values of this ratio in residues which 
had been previously exposed to various oxidizing conditions. 
Regardless of whether HCI+ HF or HNO,+HF were used in 
the first etching stage, Arden observed low values of the 
**8U/?3°U ratio, ~50, in the final stage of etching when the 
residues contained extremely small amounts of uranium, 
107!''g 

The most significant results of this etching experiment are: 
the high value of the 775U/?75U rato in fraction 2 when 
‘spinels’ dissolved; and the extremely low value of this ratio in 
fraction 6 when ‘carbon’ dissolved. Enriched 77°U in ‘carbon’ 
and its depletion in ‘spinels’ parallel abundances of the heavy 
and light isotopes of Xe and Te in these**~77.7". If heavy 
isotopes of Xe and Te in carbon are from actinide fission. it 
implies that excess 77°U there may be due to an initial 
enrichment of live **’Cm. These large anomalies are unlikely 
to be artefacts of the acid treatment, such as the selective 
extraction of radiogenic *°°U from ‘spinels’ because of 2-recoil 
effects, and its adsorption on ‘carbon, for the following 
reasons: (1) active sites for adsorption of uranium onto carbon 
would be swamped with uranium of normal composition 
which was released from the silicates during the earlier HCI- 
HF treatments; (2) the high PSU SU ratio in i the spinel- rich 
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Table 1 
Amount U* Th* 
Fractions fom?) (p.p.b.} (p.p.b.) 

1 6M HCI 20 1.79 17.89 
2 6M HCI 20 0.58 3.11 
3 6M HCi 20 0.19 2.18 
4 and 5 as above 20. sie 
6 16M HNO, 10 0.99 1.12 
7 1M HCIO, 2 O.11 0.83 
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Data of Allende HCI-HF residue (154mg) 





°. Blank Tir 2384 e 
U Th U 255 em {c.p.s.) 
40 32 9.99 123.16 +0.66 242-33 
42 45 ap. 163.50 + 1.26 67-16 
200 76 11.8 

28 200 i 89.88 + 2.79 244-88 
110 135 7 


merece U 


*Concentrations are for total residue; p.p.b., parts per 10°. tBlank corrected ratios, errors are 2 x mean standard deviation. 


fraction 2 is in accordance with the high values of this ratio in 
the spinel-rich, white inclusions which were mechanically 
separated from Allende; and (3) we are unaware of any 
chemical treatments which can separate the isotopes of such 
dissimilar elements as uranium, xenon and tellurium to 
produce the unusual isotopic compositions reported in acid- 
etched residues of Allende. We will, therefore, assume that 
vanar ons in the 7*°U/?*°U ratio were produced be the decay 
of **’Cm in the early Solar System. 


The curium—uranium—thorium 
cosmochronometer 


In the following calculations of the duration of galactic 
nucleosynthesis (7) and the interval A, we follow Fowler's?” 
model of an exponentially decreasing rate of galactic 
nucleosynthesis with a last minute spike event. Local 
variations from a smooth exponential decline in the 
nucleosynthesis rate do not seriously detract from the general 
versatility of this mode’. In fact, the last minute spike™® >° is 
remarkably similar to recent models of a SN trigger which 


injected freshly synthesized material into a presolar 
nebula'®:°? of elements from earlier, collective nucleosynthesis 
processes. 


If the transbismuth nuclides were produced by an r-process 
at a different site (core**?) from the explosive carbon-burning 
or seal Ae -helium-burning shells where '°O and ?°Al were 


conceal .UGn of ***Pu in spinel might be explained by early 
condensation of spinels before mixing with the heavy r-process 
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Fig. 2 Uranium isotopic compositions in the Alende 

inclusions. Pink aggregates, N7 and N17, were described earlier*’. 

USNM samples are from the National Museum of Natural 
History. 










nuclides®’. In this regard, note that .the uranium which we ex- 
tracted from ‘spinels’ represents a mixture of uranium from spinel, 
chromite and other spinels. Thus, the weakness of our 
experiment is its failure to set a firm upper limit on the value 
of the USU ratio which might be found by selective 
dissolution of the mineral components in our ‘spinels’, 

Alternatively, if excess '°O and Mg are the result of 
material injected from a nearby SN'°- 3?) then classical nuclear 
cosmochronology may be affected*?:78°°. However, the '°O 
and ?°Al may alternatively have been produced locally, in the 
early Solar System*?-+!, Moreover, there have been many 
studies which suggest that isotopic homogeneity, rather than 
isotopic heterogeneity, was the dominant trait of the presolar 
nebula, for example, the negative results in attempts to find 
isotopically anomalous Ca, Sr, Ba and Sm in all Allende 
inclusions**:** analysed, except two Ca~Al-rich ones, and the 
finding of isotopically normal Sr and Nd in the HCI-HF 
etched residues of Allende**. These findings suggest that it 
would be premature to dismiss classical cosmochronology. 

We will, therefore, use our results to compute values of T 
and A from the Cm-U-Th chronometer and compare these 
with values of T and A suggested by other radionuclides, such 
as, ***Pu and 7°AL For this calculation, we assume that the 
value of SUZU of 137.88 in bulk meteorites and terrestrial 
rocks is characteristic of solar uranium, although microscopic 
mineral constituents and inclusions of meteorites contain 
anomalous uranium, 

According to Fowler’s*® model of exponentially declining 
nucleosynthesis, the production rate, P,, of isotope A at time t 
is Pa(t)=P,(t=Ojexp{—Ar). Thus, the primordial abundance 
ratio of isotopes A and B at the time of formation of planetary 
solids can be expressed as: 


Na {T +A) 


= (P/P )exp { (4p = 4a)A; 


Sil —exp{ pe eee LUNI 1 — ~exp(Q, Tì 
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“In these equations, A is the decay constant of the assumed 


exponential form for nucelosynthesis, Qa =A — å, and Q,=A 


s ~—/» Where å, and /, are the decay constants of A and B, and 


S is the fraction of elements in the Solar System that was 
produced by a spike nucleosynthesis event which occurred at 
time T, at the termination of galactic nucleosynthesis of Solar 
System material. 

„TO Do the chronology of r-process nucleosynthesis from 
the degree of fractionation of Cm/U in Solar 
Seien ee must be known. However, the fractionation 
factor for *4’Cm at T+A is unknown. For simplicity, we 
therefore assume, in the first case, that the addition of freshly 

synthesized 7*”Cm and U in the spike resulted in the present 
value of N445/N3. is 1/137.88 in the Earth and in many bulk 
meteorites for unfractionated Cm/U abundances, and that the 
present value of Nj,5/N 4, of 1/163 in ‘spinels’ represents the 
base value for the most extreme Cm/U fractionation, that 1s, 
this represents the value when there has been no **’Cm 
contribution to ‘spinels’ uranium. Accordingly, the amounts of 
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247m, PSU and U in the early Solar System were, 
assuming the meteorite age to be 4.55 x 10° Myr: 


Se 


ee RLU CIE RE EE RANA IIASA A a a 


(1/137.88) E ee ee 55}; = 0.3163 (2) 


a) 





and the 7*’Cm-free ratio of 72°U/738U was 











se 
a NS (FLA)ENS (PEA) 
a | | Ea 
32 {1/163} exp {(Ay35 —A23g)(4.55)} =0.2675.  ¢ 3). 


r these equations, the superscripts G and S designate 


EA from galactic and spike nucleosynthesis. 


respectively. Then for this case, the ratio of 7*7Cm to 7U at 
time T +A ts 


Near (T+A | 
saat ee ) 0.3163 —0,2675 = 0.0487. (4) 
N Fag (T+ A) : 


For the above model we have three input data which are 
associated with the r-process, 7*’Cm/?78U, 7°°U/?78U and 
232Th/238U. These were used to determine the values of T, A, 
A and S, using the values of constants listed in Table 2. For 
values of A=(0.1 to 1.0)x 10°? yr7' and S=0.01 to 0.1, we 
found that the most internally consistent solution is obtained 
for A=0.6x 10°? yr~! and S$ =0.05. Curves of A versus T for 
A=0.6x 10°? yr~? are shown in Fig. 3. This solution yields a 
galactic age, Tg = (T+A+ 4,550 Myr) = 9,100 + 2,800 Myr, 
(assuming +10°% uncertainty in production rates and +5°, 
uncertainty on the Th/U ratio), and a decay interval A 
~8 Myr, with limits of 0-90 Myr for the above uncertainties. 

Detailed calculations including the constraints imposed by 
the abundances of ***Pu, '7°I and 7°Al will be presented 
elsewhere?°. However, note that the 74*Pu/?38U curve 
intersects the 79°U/7°8U (1/163) and 777Th/?*8U curves at A 
~ 100 Myr, if the ***Pu/?38U ratio at r=T+A is 0.016 (ref. 
44) or 0.035 (ref. 45). However, the curve for 7*+*Pu/*78U 
== 0,087, which Podosek and Lewis*® observed in a Ca~Al-rich 
Allende inclusion crosses the curves of 77°U/238U and 
232Th/*35U at A=8 Myr. These calculations are based on 
values of A=0.6 x 10°? yr~ + (see Fig, 3). 

The assumption that the 77°U/?*°U ratio in ‘spinels’ 
contains a negligible contribution from spike-produced 747Cm 
but that 5% of other r-products in spinels came from this last 
nucleosynthesis spike, may not be correct if spinels formed 
before contamination with the spike r-products. However, note 
that the value which we calculated for the initial 247Cm/238U 
ratio, 0.049, is the same order of magnitude as values reported 
for the initial °**Pu/?7*°U ratio, 0.016—-0.087 {refs 44-46). 

The value calculated above for the decay interval, A 
~10 Myr, is somewhat higher than the value of A<3 Myr 
which Lee et al.** obtained from data indicating that 
26AI?7Al~5x 107° when Ca-Al-rich inclusions of Allende 
formed. Note, however, that Lorin and Christophe Michel- 
Lévy*’ found evidence of much higher initial 7°Al/27AlI ratios, 

up to 1x107°, in hibonites in inclusions of Leoville and 
Allende. Recently Lee et al*® reported a very low initial 
26 Al/*7Al value of 2x 1077 in HAL inclusion of Allende. The 
difference between initial values of SAITA] in hibonites of 
Leoville and in HAL inclusion of Allende corresponds to an 
interval of 9Myr between the formation times of these 
objects*', if the source of Al in these objects originally had the 
same 26a] [7 Al ratio. This suggests that hibonite grains 
formed directly from freshly synthesized material, or very soon 
after this material was added to the presolar nebula, and that 
solidification of 1-10-mm size objects occurred ~ 10 Myr later. 
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Fig. 3 Trajectories of A and T vaues of the UZU, 
RTE UA Cn Pi aad PAL Al fatios or A 
=0.6x10°% yr7! of case i. They «re calculated following 
Fowlers model? of exponential galactic nucleosynthesis [exp 
(~AT)] and a last minute spike (S). Numbers on the trajectories 
are S (%) For the trajectories of ThA U, ***Pu/ U, 
rep and 2°AL?7AL only values cormsponding to S=6"%, are 
shown. Production ratios assumed for P,,/P,, are 0.002 and Ue 
and values assumed for the 74*Pu/?*"U ratio at time T+A are 
0.087 and 0.016 


Conversely, these results may suggest that the production ratio 
of 7°Al/?"Al from some thermonuclea> process in the SN was 
about two orders of magnitude higher“® than that calculated 
for carbon burning? 4°., 

For the second case, we assume that there was no 
contribution of any transbimuth r-preducts from the spike to 
‘spinels’. In this model, we assume that the ‘spinels’ represent 
grains which formed in the outer shell of the SN°’ and that 
these were injected into the presolar nebula, where the average 
mixture of all r-products is representec by the present value of 
(798U/23°U) = 137.88 when no fractionation of Cm/U occurred. 

This can be described by analogous forms of the equations 
used for case |, 


N as (TA)+ NI (THA) oa a 
BUTAT Nal TAI yape (5) 
NÊ;s(T +A) 


If we assume that NS,.(T+A)~NS,,(T +A) + Niyg(T +A), 


then 


Because 747 Cm decays to ŽU, the numerator of equation (6) 
does not change during the period of free decay and cannot be 
used to calculate the value of A. However, if there is negligible 


cre a re Arira meiir ke net rink tt tt tee A ARR RRR AR LAE IRL tt ttt th thet Rett ete ra aaa: 
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Decay constants (107? yr™ iÍ) 


oe 43.3 oe 8.41 
he 0.98485 Doe 41.0 
ee 0.155125 dae 950 
oe 0,04948 


Abundance ratios {at T+A} 


247Cm/*35U 0.0487 +0.0267 44 * 1 cae © 0.087%, 0.0168 
2350/3380 0.2675 +0.027 1291/127] {1.07 +0.41})x 10° *]| 
ThA 2.48 +0.12* 26 A1/27 Al 5x 10784 
Production ratios 
Pa42/ P238 0.837 + 0.1264 Poga/Pas3g 0.90 + 0.17 
P335/Pa 3x 1.644+0.257 Pi39/P 123 1.52+0.5* 
Pa33/P238 1.80 40.1” Pia Ps 2x 1074#*, 0.244 





FO THU now = 4.0 + 0.2. tref. 3; fref. 46; §ref. 44; || ref. 55; 
ref. 24; *ref. 56; **ref. 49; ttref. 36. 


decay of 2350, 238U and 7°?Th over the time period A, that is, 
Ar35s A238) 4232 & I/A, then Noss (T+ A)=N935°(T), and so on, 
and if we assume that N$s,°(T)~N9,,(T), then equation (1) 
yields 7,,=(9.442.7)x 10’? yr, A=045x10°? yr! and S 
= 0.02 for case 2 (where S=0 for all r-products in ‘spinels’). 

If this model is correct, then the Cm/U ratio in ‘carbon’ has 
been increased by a fractionation factor of =4. Such a 
fractionation factor is quite reasonable from thermodynamic 
considerations’’. We prefer case 2, where neither Cm nor U 
from the spike contributed to ‘spinels’, because case | requires 
a large fractionation of spike-produced Cm/U in ‘spinels’. The 
duration of galactic r-process nucleosynthesis from our 
calculations, although model dependent, seems to be consistent 
with the revised age of the Universe which was recently 
reported from a new calculation of the Hubble constant*!. 

For case 2, we assumed that grains of ‘spinels’ are fresh 
condensates from the triggering SN event and that this event 
also contributed transbismuth r-products to the presolar 
nebula. On the other hand, Lattimer et al? note that the 
difference between values of the decay interval indicated by 
radiogenic Xe isotopes (A~100Myr) and Mg isotopes (A 
~I Myr) may imply that the last SN event was a source of 
?6Al, but not a source of r-products. According to this 
hypothesis, the presolar nebula consists of interstellar type gas 
and dust which had been enriched in r-products when the 


Received 31 December 1979; accepted 21 April 1980, 


. Blake, |. B. & Schramm, D. N. Nexzure 243, 138 (1973), 

. Barnes, |. L. er al. Proc. 3rd Lunar Sci. Conf. 1465 (Pergamon, Oxford. 1972). 

. Burbridge, E. M., Burbridge. G. R.. Fowler, W. A. & Hoyle, F. Rev. Mod. Phys. 29, 547 
(1957). 

4. Fowler, W. A. & Hayle, F. Ami. Phys. 10, 280 (1960). 

S. Kohman, T. P. J. chem. Educ. 38, 73 (1961). 

6. Cameron, å, G. W. Icarus b, 13 (1962), 

7 

& 


bat Pwd me 


7. Wasserburg, G. J, Schramm, D. N. & Huneke, J. C. Astrophys. J. Lett. 187, L91 (1969). 
%. Hohenberg, C. M. Science 166, 212 (1969). 
9, Dicke, R. H. Astrophys. J. 2858, 123 (1969). 
iD. Schramm, D. N. & Wasserburg, G. J. Astrophys. J. 162, 57 (1970). 
IL Clayton, D. D. Astrophys. J. 139, 637 (1964), 
12. Gray, C. M. & Compston, W, Nature 251, 495 (1974). 
13. Lee, T., Papanastassiou, D. A. & Wasserburg, G. J. Geophys. Res. Lett. 3, 41 (1976). 
14. Kelly, W. R. & Wasserburg, G, J. Geophys. Res. Lett, $, 1079 {1978}. 
15, Clayton, R. N., Grossman, L. & Mayeda, T. K. Science 182, 485 (1973). 
16. Cameron, A. G. W. & Truran, J. W. fcarns 3, 447 (1977}. 
17. Clayton, D. D. Earth planet. Sei. Lert. 36, 381 (1977). 
iS. Arden, J. W, Nature 269, 788 (1977). 
19. Shield, W. R. fed} NBS Technical Note 456 (US Government Printing Office, 
Washington, DC, 1968). 
20. Shimamura, T. & Tatsumoto. M. Geochim, cosmochim. Acta (submitted). 
21. Tatsumoto, M. Unruh, D. M, & Desborough, G. A. Geochim. cosmochim. Acta 40, 617 
(1978). 
22. Douty. E. & Clarke, J. R. Am, Miner. 38, 230 (1973). 
23. Fowler, W. A. Greenstein, J. L. & Hoyle, F. Geophys. J. R. astr. Soc. 6, 148 (1962). 
24. Lee, T. Papanastassiou. D. A. & Wasserburg, G. J. Astrophys. J. Lett. 214, L107 {1977}. 
25, Lewis, R. S.. Srinivasan, B. & Anders, E. Science 190, 1251 (1975). 
26. Srinivasan, B., Gros, J. & Anders, E. J. geophys. Res. 82, 762 (1977). 
27. Lewis, R. S, Gros, J. & Anders, E. J. geophys. Res. 82, 779 {1977}. 
38. Frick, U, & Momot R. K. Proc. 8th Lunar Sci. Conf. 226 (Pergamon, Oxford, 1977). 


annann panna naia a annen a Anaa 
a: hi se 





apanami Vanmeer aei Ars eA UTA bars 





Nature Vol. 286 10 July 1980 


sae men em emnananmn MAAA hei miaa aiaa ma a A eer TESST TE nS DY 


nebula passed through a galactic spiral arm? ~100Myr 
before this last SN event. If interstellar material had been 
cycled, by star formation and stellar ejections, with such a 
frequency** that the mean residence time of material in the 
interstellar medium is short, <100Myr, then our calculations 
are compatible with the proposal of Lattimer et al.3*. 
However, our calculations would not be warranted if the 
residence time of ae vena material is large, > 1.000 Myr, as 
estimated by Clayton?’ 


Conclusion 


The Cm-U-Th chronometer yields values of T=9,000 
+ 3,000 Myr and A~8 Myr. This value of A is larger than that 
implied from the decay product of 7°Al, A<3 Myr, but smaller 
than that suggested by the decay products of ***Pu, A 
~ 100 Myr. 

We suggest three possible explanations for the different 
values of A. (1) The short-lived r-products were produced on 
the last passage of the protosolar cloud through a galactic 
spiral arm®?, ~10Myr before 7°Al was synthesized?? in the 
explosion of a nearby SN which triggered the collapse of the 
presolar nebula’®. (2) Both 7°Al and the short-lived r-products 
were produced in the nearby SN but Al condensed from 
material in outer shells of the SN ~10Myr before the 
condensation of r-products, 74’Cm and *4*Pu, from the stellar 
interior®*, Retention of Xe generally started ~ 100 Myr later, 
except in such cases as the Ca-Al-rich inclusion of Allende for 
which the 74*Pu-'*°Xe chronometer indicates A= 8 Myr (ref. 
46). (3) The 7°Al/?’Al production rates were different in 
different regions of the nearby SN, being higher by a factor of 
~ 100 in H-He layers*® than in that of carbon burning*>. In 
this case, the observation of *°Al/*’7Al=5x 107° would 
correspond to a value of A~6 Myr (see Fig. 3). 

Alternatively, the primitive solar nebula may have contained 
large scale elemental and isotopic heterogeneities from the 
debris of a single SN which produced the bulk of the elements 
in the Solar System°*. Note also that the *98U/??°U ratio may 
have been altered by an early cosmic ray irradiation?*:°*. If so, 
then the calculations reported here, and previously calculated 
values of T and A, are unwarranted. 
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The influence of codon context on 
genetic code translation 


Lionello Bossi* & John R. Roth 


Department of Biology, University of Utah, Salt Lake City, Utah 84112 








A class of mutations that increase the efficiency of a suppressor tRNA in translating a particular amber codon has been 
characterized. The increased efficiency is due to a mutation resulting in a change in the raRNA that affects the 
nucleotide adjacent to the 3’ side of the U AG triplet. Thus the interaction of tRNA with mRNA is influenced by mRNA 


sequences outside the triplet codon. 


THE triplet words of the genetic code are known to be read by 
transfer RNA molecules which interact with the respective 
codons on the messenger RNA. The specificity and accuracy of 
reading are overwhelmingly due to standard base-pairing 
between three bases on the mRNA (the codon) and three bases 
in the tRNA (the anticodon). It is generally assumed that no 
additional nucleotides in the mRNA other than the three 
residues which make up a codon are involved in the 
interaction with a single tRNA species. In the past few years, 
however, several studies have suggested that reading of a given 
codon may be influenced by mRNA sequences external to this 
codon; this influence has been: described as the effect of the 
reading context on translation'~*. We have closely investigated 
this aspect of the decoding process and present here direct 
evidence that mRNA sequence outside of the codon has a role 
in determining the efficiency of translation. 

Mutant tRNAs, acting as informational suppressors, are 
tRNA species whose activity can be followed individually in 
vivo. In the appropriate genetic system, the measurement of 
suppression efficiency can be correlated directly with the 
activity of the suppressor tRNA. It is then possible to analyse 
various factors that can influence the activity of the tRNA, 
such as structural alterations of ribosome, tRNA or mRNA. 
This approach led us to study the effects of a mutation 
affecting tRNA structure (hisT) on the suppression properties 
of informational suppressors in Salmonella typhimurium. 

The hisT mutation causes the lack of pseudouridine from 
the anticodon region of several tRNAs’~?*. In spite of its 
pleiotropic effects on many tRNA species, the hisT mutation 
does not impair cell viability. The only detectable phenotypic 
change is the altered regulation (constitutive expression) of the 
histidine operon, consequent to the lack of two pseudouridine 
residues from the anticodon region of histidine tRNA®. During 
our study, it became evident that the activity of the glutamine- 
inserting amber suppressor supE‘* (which normally contains 
two pseudouridine residues in the anticodon region'?:'*:!°) is 
reduced considerably by hisT'® (unpublished results). The 
reduced efficiency of the suppressor offered the basis for the 
genetic selection of mutations increasing the efficiency of supE. 
Mutants were isolated in which the inhibitory effect of hisT on 
suppression is overcome by an increase in the efficiency of the 
translation step at the nonsense site. Interestingly, some of 
these mutations affect the reading context at the nonsense site 
by changing the mRNA sequence adjacent to the nonsense 
codon. 


Effect of hisT on supE suppression efficiency 
The ability of supE to suppress amber mutations in the hisD 
gene of the his operon was tested in both hisT” and hisT~ 
genetic backgrounds. These tests show that at some mutant 
*Permanent address: I Istituto di Chimica Biologica, H Facolta’ di 
Medicina e Chirurgia, University of Naples, Italy. Present address: 
European Molecular Biology Laboratory, Heidelberg, FRG. 
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sites the hisT mutation causes a reduction in supë efficiency so 
severe that the mutants are not phenotypically corrected by 
supE in the presence of a AisT mutation. For some other 
mutations, however, suppression by sepE still occurs in spite of 
the presence of a hisT mutation. Thus, the effect of hisT on 
supE efficiency seems to depend on tne particular mutant site 
being read. A detailed description of these experiments will be 
published elsewhere. 

We considered three possible explanations for the site- 
specificity of the effects of hisT. First. some mutant sites may 
yield a protein with poor activity waen suppressed by supe. 
Such sites may require a fully active supë tRNA in order to 
show phenotypic correction. Second, some mutant sites may 
show strong polarity effects. These sites might require very 
efficient suppression in order to overcome the tendency to 
terminate mRNA production. Third, some amber codons may 
be poorly read by a’suppressor tRNA due to the influence of 
the reading context. That is, the efficiency of the suppressor 
tRNA in reading a particular site may depend on the nature of 
the residues in the immediate neighbourhood of that site. 
UAG codons located in unfavourable reading contexts would 
require a strong suppressor to cvercome these reading 
difficulties. Such context effects on suppression efficiency have 
been reported previouslyi 

Each of these explanations is, in principle, consistent with 
the initial data presented above if the hisT mutation impairs 
the function of supE tRNA. However, there are compelling 
reasons, outlined below, for rejecting the first two hypotheses. 

The first explanation seems untenable because some of the 
amber sites whose suppressibility is impaired by hisT affect the 
N-terminal portion of the AisD protein, which is dispensable 
for catalytic activity!’ '* (unpublished results of T. Kohno, 
I. Hoppe and J.R.). It seems unlikely that the nature of the 
amino acid insertion in this region could seriously affect 
protein function. This possibility is fucther contradicted by the 
behaviour of amber mutation fisD6<04. As described below, 
this site has a glutamine residue in the wild-type sequence. The 
hisT mutation impairs the ability of supE {a glutamine- 
inserting suppressor) to suppress fusD6404. Thus the hisT 
effect is seen even though the suppressed protein is wild type 
in structure. 

The second hypothesis implies thet the AisT inhibition of 
suppression would have greater effeets on the correction of 
strongly polar mutant sites. This seems unlikely in view of the 
genetic map distribution of sites whose suppression is strongly 
affected by hisT. In general, the po-arity effect of nonsense 
mutations is a function of their positien in the gene, with more 
polar mutations located nearer the promoter-proximal end of 
the gene'®, The mutations we have studied show no 
correlation between map position and effect of hisT on their 
suppressibility by supE (data not shown). 

Our initial observations are consistent with the idea that 
reading of a particular amber coden is influenced by the 
sequence of bases surrounding that codon m the mRNA 
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(context). The variable effects of hisT on suppressibility of 
different amber mutations might depend on differences in the 
context of the UAG codons at the various sites. Several 
possible mechanisms for these effects are discussed later. 

If mRNA context influences the readability of a particular 
codon, then reading efficiency should be altered if the base 
sequence near that codon is changed. We did this by selecting 
mutations that improve the suppression efficiency of supE for a 
particular amber site. The dispensable (N-terminal) region of 
the hisD gene offered a convenient system, because the 
sequence changes in this region that could affect suppression 
efficiency were not expected to influence the catalytic activity 
of the suppressed protein. 


Isolation of context mutants 


In order to select context mutants, a strain was constructed 
which carries hisT, supE and a particular amber mutation in 
hisD whose suppression is abolished by hisT; such a strain is a 
histidine auxotroph in spite of the presence of the suppressor. 
His* revertants were isolated and screened for individuals that 
still contained all the parental genetic markers, but had 
acquired an additional mutational change within the hisD gene 
that restored suppressibility to the amber mutation (change in 
reading context). 

The full genotype of the strain used (TT4242) and the 
results of the selection are shown in Table 1. The starting 
amber mutation is hisD6404, mapping in the operator- 


Wild type 6404 6404-CI 


Ea, 
C ATO 


a T 
ATSGCCA TG 





Fig. 1 DNA sequence of hisD6404 and of its context change. 
The mutations hisD6404 and hisD6404-Cl were placed on 
M13H0176 (ref. 22) using a genetic procedure (our work in 
preparation; and unpublished results with H. M. Johnston and 
S. Lam) which involved the isolation of a Tn5-generated deletion 
in the hisG gene of the transducing phage and subsequent 
recombination between the phage and a chromosomal his region 
carrying the hisD mutations. Single-stranded phage DNA was 
prepared according to Barnes**. The DNA sequence was 
determined by the procedure described by Sanger et al”. 
Because the orientation of the his region present on M13H0176 
is opposite to that on the phage genes, the sequencing gels 
directly give the hisD message sequence. The autoradiograms 
shown from left to right represent the sequences of wild type, 
hisD6404 and hisD6404-C]. Two arrows indicate the amber and 
the context mutations, respectively. 
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proximal, dispensable region of the hisD gene. Mutation 
his01242 is a regulatory mutation that causes the his operon to 
be expressed constitutively at high levels'®:?°; the presence of 
this regulatory mutation eliminates any further effect of hisT 
on operon expression. Mutation leu-414 is an amber mutation 
in the leu operon whose suppression by supE is also abolished 
by the presence of a hisT mutation. As Table 1 shows, the 
presence of leu-414 considerably facilitated the search for 
context mutants in the initial screening. All the His’ 
revertants arising due to other events (reversion of hisT, 
occurrence of other nonsense suppressor mutations, or any 
mutation relieving the negative effect of hisT) became 
simultaneously His* and Leu*. Table 1 shows that this class 
included the majority of revertants. 

The context mutants were sought among the His* Leu- 
revertants and had to be distinguished only from revertants of 
the hisD6404 which had lost the nonsense mutation. This 
screening could be performed at an early stage of mutant 
isolation, due to a morphological property of colonies of 
Salmonella strains derepressed for the histidine operon. Such 
colonies show a wrinkled morphology when grown on 2”, 
glucose, due to interference with cell division caused by high 
concentration of the hisH and hisF gene products*'. When a 
derepressed operon contains a polar mutation located 
operator-proximal to hisH and hisF, the reduced expression of 
these genes prevents the wrinkled morphology. When this 
mutation reverts to prototrophy (His* ), the morphology of the 
revertant colonies can be either wrinkled (if the reversion event 
removes the polarity block), or smooth (if the reversion is due 
to the activity of a suppressor). (Suppression efficiency is 
usually insufficient to eliminate polarity completely.) In our 
case, because of the presence of the regulatory mutation 
hisO1242, the true revertants of hisD6404 appeared as wrinkled 
colonies on the selection plates and could be distinguished 
from smooth-colony revertants whose His* character was due 
to the activity of supE. In Table | only the smooth His* Leu 
revertant colonies are reported, all of which therefore are due 
to increased suppression and are potential context mutants. 

A more direct genetic test was carried out on the putative 
context mutants to verify the continued presence of the 
hisD6404 amber mutation. Phage lysates were prepared on the 
revertants using the generalized transducing bacteriophage 
P22. The lysates were used to transduce isogenic recipient 
strains carrying a his operon deletion, with and without 
suppressor supE. Because this deletion in the recipient strains 
completely removes the hisD gene, donors carrying the hisD 
mutation can give His* transductants only with a recipient 
strain carrying the amber suppressor, supE. Results are shown 
in Table 2. All the six potential context mutants (hereafter 
designated hisD6404-C1,2 and so on) give transductants only 
with the supE-carrying recipient. Thus they still contain an 
amber mutation; DNA sequencing (see later) shows this to be 
the original hisD6404 mutation. Furthermore, when the 
context variants of hisD6404 were transduced into a recipient 
also carrying a hisT mutation, His’ transductants were seen, 
This shows that the mutation which relieves hisT inhibition of 
suppression, is present on the same transducing fragment as 
mutation hisD6404, 

Other genetic crosses were carried out to rescue hisD6404 
from the hisD6404-C (context) revertants. These experiments 
indicated that the mutations improving supE suppression map 
in the hisD gene, very close to hisD6404 (data not shown). 


DNA sequence of hisD6404 and its context 


variants 

The first structural genes of the histidine operon (hisG and 
hisD) have been cloned in both orientations on the single- 
stranded DNA phage M13 by Barnes**. The resulting 
M13Hol transducing phages make it possible to determine the 
DNA sequence using the method of Sanger et al.**** (W. M. 
Barnes, manuscript in preparation). Therefore, to determine 
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Table 1 Isolation of mutants with improved suppressibility of 
hisD6404,,.., 
Revertant phenotype Revertants per 4 x 10° cells 
His* Leu* 105 
His* Leu” 6 





The genotype of the parent strain TT4242 is: 
his01242 hisD6404 m leu414,,, supE20 hisT 1504 zej-636::Tn5* 


Cells of TT4242 were grown to stationary phase, and spread (2 x 10° 
cells per plate) on minimal medium supplemented with 0.3mM 
leucine. Spontaneous His* revertants were isolated and scored for 
their leucine requirement. Of the His* Leu~ class only the smooth 
colonies were saved (see text). The numbers given represent the 
combined revertants from two cultures. 
*zej-636::Tn5 designates a transposable 

element (Tn5) co-transducible with the hisT locus. 


kanamycin-resistance 





Table 2 Context mutants retain the hisD6404 mutation 
His” transductants with indicated 
donor strain 


Relevant 
Strain genotype hisD genotype of donor: 
no. recipients 
6404 (TT4242) 6404-Cl (TT4265) 
TTS22 —hisA — 5 
TT3157 hisA supE + + 
TT3138 hisA supE hisT = + 





Transducing phage P22 was grown on strain TT4242 and on its six 
His* Leu” revertants. The phage lysates were used to transduce the 
three recipient strains: 

TT522 (hisO0-F644 zee-1::Tn10*) 

TT3137 (hisO-F644 zee-1::Tn10* leu-414,_,supE20 

zej-636::Tn5t) 
TT3138 (hisO-F644 zee-1::Tn10* leu-414,,,supE20 
zej-636::Tn5t hisT 1504) 
His* transductants were selected on minimal medium supplemented 
with 0.3mM_ leucine (+ indicates that Hist recombinants were 
observed). All the potential context mutants (isolates 1-6) showed the 
same behaviour as isolate 6404-C/ (shown above). 

*zee-1::Tn10 designates a transposable _ tetracyclin-resistance 
element (Tn/0) co-transducible with the histidine operon. 

tzej-636::Tn5 designates a transposable kanamycin-resistance 
element (Tn5) co-transducible with the hisT locus. 


the DNA sequence of hisD6404 and of the hisD6404-C 
variants, these mutations were placed by recombination onto 
M13Hol 76 (one of the M13Hol phages?*). The availability of 
a detailed restriction map of the hisG-hisD region of the his 
operon (Barnes, manuscript in preparation) and of a fine 
structure genetic map of the hisD gene (I. Hoppe and J.R., 
unpublished results) enabled us to choose a convenient res- 
triction fragment as a primer in the sequencing procedure. 
Autoradiograms of the sequencing gels for the hisD region 
where the mutations are located are shown in Fig. 1. The 
inferred mRNA sequences between nucleotides 46 and 54 of 
the hisD gene are shown for wild type, for hisD6404 and for 
hisD6404-C1, respectively, in Table 3. The result confirms the 
context hypothesis. The amber mutation hisD6404 transforms 
a glutamine codon, CAG, into an amber codon, UAG. The 
context mutation which permits suppression by supE (hisT™ ) 
generates a change in the residue following the UAG codon, a 
substitution of adenine for cytosine. All six context mutants 
(which included two independent groups of isolates) were 
sequenced. All have the same mutational change as hisD6404- 
CI (data not shown). Thus hisT inhibition of supE activity at 
this site can be reversed by changing the reading context of 
the suppressed nonsense codon. 


Basis of the context effects 


Initially, two general mechanisms were considered to explain 
the effect of the context mutation on suppression. First, the 
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hisD6404 UAG codon may be in a context which requires the 
presence of pseudouridine in supE tRNA (hisT”) for the 
codon to be read efficiently. This suggests that pseudouridine 
residues in the anticodon region of supE tRNA are only 
essential for reading UAG in certaim contexts. By altering 
context (as in mutant hisD6404-C1) ome might generate a site 
which could be read by supE tRNA in the absence of the 
pseudouridine modification. Second, the hisD6404 UAG codon 
may be poorly read even by a aormal, fully modified 
suppressor tRNA (hisT” ). Lack of pseudouridine may impair 
the ability of supE tRNA to read all UAG sites regardless of 
context effects. This reduction in tRINA efficiency would be 
critical only at sites that were already poorly read by normally 
modified suppressor tRNA. The context change might improve 
readability of the amber codon sufficiently to overcome the 
hisT effect and to provide phenotypic correction. 

The two possibilities can be distinguished by quantifying the 
effect of the context change on the efficiency of sup when the 
suppressor tRNA is fully modified (hisT*). The first 
hypothesis predicts that the context mutation would only 
improve efficiency of a supE tRNA lacking pseudouridine in 
the anticodon region (hisT~ ). The second hypothesis predicts 
that the context change would affect the efficiency of normally 
modified supE tRNA (hisT*) as well. We have measured the 
effects of context on supE efficiency in both conditions (Table 
4). It is clear that codon context strongly affects the activity of 
supE even when the suppressor tRNA is fully modified 
(hisT*); the efficiency of supE in reading the same UAG 
codon varies over a 10-fold range depending on the nature of 
the base adjacent to the 3’ side of the codon. This suggests 
that the hisT mutation has no role in establishing the context 
effects (second hypothesis above); rather, the presence of AisT 
reduces (more than 10-fold) the activity of the suppressor at 
both sites. The hisT mutation prevents phenotypic suppression 
of hisD6404 because supE is initially very inefficient at this site; 
the reduction in suppression caused by hisT reduces the 
amount of suppressed protein to a level below the threshold 
required for growth. The context change improves suppressor 
efficiency and, therefore, can be detected as a His* revertant in 
hisT~ strains. 


Context effects are tRNA specific 


Context effects on tRNA efficiency involve aspects of tRNA 
structure other than simply the anticodon, because different 
tRNAs with the same anticodon are affected in different ways. 
Data on the effect of the hisD6404 context change on the 
efficiency of various nonsense suppressors are presented in 
Table 5. A series of strains was constructed which carried 
hisD6404 or hisD6404-C] and one of a series of amber 
suppressors. Each strain was assayed for its hisD enzyme level; 
enzymatic activity was taken as a measure of the translation 
efficiency at the amber site. As Table 5 shows, the context 
alteration of hisD6404-C1 does not affect the efficiency of 
ochre suppressor supG; the change increases the efficiencies of 
amber suppressors supE and supF, but decreases the efficiency 
of amber suppressor supD. 

For two reasons we conclude that the tRNA specificity of 
context effects is not due to qualitative differences in the 
suppressed proteins. First, the suppressed site is located in a 
non-essential part of the hisD protein. Second, the same effects 
of context on various suppressors are seen when polarity relief 
is used instead of hisD activity as a measure of suppressor 
efficiency. This was shown by assaving the level of hisB 
enzyme (Table 6). The hisB gene is located promoter-distal to 
hisD and is subject to polarity effects of the AisD6404 
mutation. While the magnitude of the context effect is reduced 
in these results, the general nature of the results agrees closely 
with the hisD assays in Table 5, 

The results in Tables 5 and 6 provide further information on 
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Table 3 mRNA sequence of the context mutant 


Wild-type sequence CAG CAG CGU 
{ 
hisD6404 (amber) CAG UAG CGU 
i 
hisD6404-C1 (context mutant) CAG UAG AGU 





that the efficiency of peptide termination at a nonsense codon 
varies depending on the site of that codon':?. Our results argue 
against this explanation. If the context mutation in hisD6404- 
C1 generates a less efficient termination signal, then the change 
should cause an increase in the efficiency of all suppressors at 
that site. This is clearly not the case for suppressors supG and 
supD. The tRNA specificity of the context effects is important 
to the possible implications of these effects for coding in 
general. 


Discussion 

We have shown that the efficiency of the amber suppressor 
supE in translating the UAG codon can vary over one order 
of magnitude depending on the nucleotide adjacent to the 3’ 
side of the codon. The result demonstrates the role of codon 
context in determining suppression efficiency. In the mutant 
analysed, the suppressor inserts the same amino acid 
(glutamine) present in the wild-type sequence, and therefore 
measurements of enzyme activity directly reflect the actual 
efficiency of the supE tRNA in translation. Other authors have 
also shown that some site-specific differences in suppressor 
efficiencies are not due to protein differences'~’. Several 
models have been proposed to explain these effects; one 
proposes that context effects result from variation in efficiency 
of termination at the nonsense site':*. The tRNA specificity 
data presented here argue strongly against that. Although the 
detailed explanation for context effects is unclear, two 
alternative hypotheses are consistent with our data. 

According to the first, the nucleotide adjacent to the 3’ side 
of the codon may influence the rate of initial tRNA interaction 
with the codon. Basically, the increase in the affinity of the 
supE tRNA anticodon for the UAG codon caused by the 
presence of an adenine residue (instead of a cytosine residue) 
at the position adjacent to the 3’ side of the UAG, can be 
explained in two ways: (1) it may permit formation of a fourth 
base pair (A-U) involving the invariant U residue adjacent to 
ne: 5 site an ee RNA; EON or (2) it aay increase ane 


adie) 1S Sal in ne position oa to the 5 ve of the 
anticodon tn all the known tRNA species. The possibility that 
this nucleotide could base-pair with an A residue adjacent to 
the 3° end of the codon has been proposed to explain data 
analogous to ours; Tanaguchi and Weissmann showed that the 
binding efficiency of fMet-tRNA for the initiation codon, 
AUG, of the Of coat cistron is increased more than threefold 
when the G residue adjacent to the 3’ side of the AUG in the 
wild-type sequence, is replaced by an A residue®. The 
hypothesis that such an additional base-pair is compatible 
with tRNA structure has been proposed also by Uhlenbeck et 
al.?’, after finding that the molar association constant (in 
absence of ribosomes) between fMet-tRNA and the 
tetranucleotide AUGA is more than 10-fold higher than that 
with AUGC, AUGG, AUGU, or that with the trinucleotide 
AUG. On the other hand, it is hard to explain the fact that 
other suppressor tRNAs {all carrying the U residue in the 
appropriate position) do not show an increase in efficiency at 
a codon followed by A (Table 5). Therefore, one should 
consider the alternative possibility that the nucleotide adjacent 
to the 3° end of the codon has a role in contributing to the 
stacking energy of the codon- anticodon interaction. This 
possibility is suggested by Grosjean et al.*5, who have shown 
the influence of the nucleotide adjacent to the 3’ side of the 
anticodon on the stacking energy of anticodon-anticodon 
complexes. The behaviour of suppressors other than supE 
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could be explained by assuming that the effect of the 
nucleotide adjacent to the 3’ end of the codon depends on 
particular features of the anticodon loop. 

An alternative hypothesis to explain the context effects 
considers that the base change at the 3’ side of the UAG 
codon generates a new neighbouring codon; the arginine 
codon, CGU, is replaced by the serine codon AGU. The 
efficiency of each translation step could depend on optimal 
‘fitting’ of tRNA pairs on the ribosome. This hypothesis 
implies that tRNA-tRNA interactions occur when these 
molecules are occupying the A and P sites of the ribosome 
during translocation. Such interactions could affect the 
efficiency of the peptide elongation step. According to this 
hypothesis, supE tRNA is able to transfer the growing peptide 
chain more efficiently to the Ser-tRNA gu than to the Arg- 
tRNA cGy. 

Although the possibility of tRNA-tRNA interaction on the 
ribosome is speculative, several bits of genetic data support the 
notion, The best characterized frameshift suppressors are 
mutations which alter the structure of a tRNA such that a 
four-base code word is read, and the translational reading 
frame is shifted*®-*!, This indicates that a given tRNA can 
dictate the distance that the ribosome moves along the 
message in the translocation step of protein synthesis. This 
process is easily understood if an incoming tRNA interacts 
with the incumbent tRNA in order to determine the position 
of the next code word. The frameshift suppressor tRNA, by 
occupying a four-base codon forces a codon in the +1 frame 
to be read by tRNA in the next translation step. The ribosome 
slavishly translocates this new, improperly positioned tRNA to 
the peptidyl site in the translocation step. 

A recently characterized frameshift suppressor, sufJ, further 
supports the idea that tRNA-tRNA interactions dictate 
reading frame. The sufJ suppressor reads any four-base code 
word whose first three bases are ACC (our work in 
preparation). The fact that any base can occupy the fourth 
position suggests that this fourth base is not actually read. 


Table 4 Effect of context on suppression efficiency 





HisD activity resulting from suppression 
of indicated site 


Relevant genetic {wild type) (his D6404) (hisD6404-C1) 
background > CAGC- = UAGC =: «= UAGA- 
Wild type 107.3 {(TR5830}) <0.2 (1TT4427) <0.2 (TT4428) 
supE 100.0 (TT4424) 2.1 (TT4241) 21.2 (TT4268) 


supE hisT 93.3 (TT4425)  <0.2 (TT4242) 1.0 (TT4271} 
A set of otherwise isogenic strains was built carrying either hisD”, 
or hisD6404, or hisD6404-C1 (context alteration) im addition to 
combinations of mutant and wild-type alleles of supE and hist? The 
number and the full genotype of these strains ts as follows: 
TR5830 (his 1242 leu-4l4 m) 
TR4424 (nisO01242 leu-414, ,supE20 zej-636::Tn5*) 
TT4425 (hisO01242 leu-4i4,supE20 zej-636::Fn5* hisT 1504) 
TT4427 (hisO01242 hisD6404, leu-4 14... zej-636::Tn3* 
zeb-618::Tni0t) 
TT4241 (his01242 hisD6404,,leu-414,,,supE20 zej-636::Tn5*) 
TT4242 (his01242 hisD6404,,,leu-414,,,supE20 zej-636::Tn5* 
hisT 1504) 
TT4428 (his01242 hisD6404,,, 
zeb-618::Tnlot) 
TYT4268 (hisO1242 hisD6404,,.-C 1] leu-414,,,supE20 zej-636::Tn5*) 
TY4271 (his01242 hisD6404,,,-Cl leu-414,,,.supk20 zej-636::Tn5* 
hisT 1504) 
Radiological assays of the histidinol dehydrogenase enzymatic activity 
were carried out according to Ciesla’ et al.2>. The value of the activity 
in strain TT4424 (hisD* supE) was taken as 100; all other activities are 
expressed relative to this value. The results are the average of three 
determinations. 
*-ej-636::Tn5 designates a transposable 
element co-transducible with the hisT locus. 
tzeb-618::Tn10 designates a transposable tetracyclin-resistance 
element inserted at 41 min a the Salmonella typhimurium genetic map. 


-C1 leu-414,,,2¢)-636::Tn5* 


am 


kanamycin-resistance 


Nature Vol. 286 10 July 1980 


Pan rah ora TE 





Table § Effect of codon context on several suppressors 
HisD enzyme activity resulting from 
suppression of indicated site 


Suppressor (hisD6404 ) {hisD6404-C 1) 

genotype -UAGC- -~UAGA-~ 
sup” <Q.2 (1T4427) <0,2 (TT4428) 
supG {lys} 0.8 (TT4286) 1.0 (TT4287) 
supF (tyr) 3.4 (TT4278) 7.7 (TT4280} 
supD (ser) 16.6 (TT4274) 6.7 (TT4276) 
supE (gln) 2.0 (TT4241) 19.8 (FT4268) 





Isogenic strains were built carrying either hisD6404 or hisD6404-C1 
and the nonsense. ee listed. The genotype of these strains is as 
follows: 


T4286 :his01242 hisD6404,..leu-414,. supG50 zej-636::Tn5 
TT4287 :his01242 hisD6404,,,-C1 leu-414,,,supG50 zej-636::Tn5 
TT4278 :hisO1242 hisD6404,,,leu-414,,,supF 30 zej-636::Tn5 

TT 4280: his01242. hisD6404,,,-C1 leu-414,_,supF30 zej-636::Tn5 
174274 :hisO01242 hisD6404,_,leu-414,_,supD10 zej-636::Tn5 

TT 4276 : hisO1242 T Oat I leu-41 4 msu pD10 zej-636::Tn5 


The genotypes of sup* and supE containing strains are in the legend 
to Table 4. The enzymatic activity of the histidinol dehydrogenase was 
assayed as described in the legend to Table 4. Enzyme levels presented 
are relative to the level measured in strain TR5830 (hisD* sup’). 
Results are the average of three determinations. 





Table 6 Effect of codon context on the suppressor ability to relieve 
polarity 








HisB enzyme activity resulting from relief 
of polarity at the indicated HisD site 


Suppressor (hisD6404) (hisD6404-C1) 
genotype ~UAGC- ~UAGA- 
supF (tyr) 5.6 (TT4278) 9.4 (TT4280) 
supD (ser) 10.6 (TT4274) 5.9 (TT4276) 
supE (gin) 0.9 (TT4241) 6.0 (TT 4268) 





HisB enzyme level was determined according to Martin et al.**, The 
activity measured in strain TR5830 (hisD* sup* ) is 17.1. All the values 
are corrected by subtraction of the AisB enzyme level in strains 
TT4427 (hisD6404 sup®") or TT4428 (hisD6404-C1 sup*™). Strains 
carrying ochre suppressor supG gave hisB activity values below the 
detection level. Strain genotypes are in the legends to Tables 4 and 5. 


Instead, the. suppressor tRNA may read ACC and sterically 
prevent any tRNA from occupying the codon immediately 
adjacent to ACC. Thus the next tRNA must read the next 
unhindered triplet (out of phase). 

If our observations on context effects for nonsense 
suppression apply to decoding in general, one is led to some 
interesting conjectures. If the efficiency of reading any 
particular codon can vary over a 10-fold range, depending on 
codon context, it is clear that these effects could have 
enormous influence on the rate of protein synthesis in 
particular regions. The phenomenon could be used by the cell 
as an additional regulatory device. According to translation 
modulation theories, translation rates can be set by the use of 
codons whose tRNAs are present at a low level in the 
cell?*-33_ As Stent pointed out?3, modulation of translation 
would more specifically be achieved by using modulating 
sequences longer than the codon. Invocation of context effects 
seems, therefore, especially appropriate. A particular rare 
codon may or may not have modulating function depending 
on the reading context in which it is located. 

The possibility that context affects translation suggests a 
role for the minor isoaccepting tRNA species whose presence 
has been reported in many organisms. Changes in the 
abundance of these minor species have been observed during 
changes in growth conditions>+, development?" and 
neoplasia’. It seems possible that these minor tRNA species 
‘might be able to read their particular codon when it occurs in 
a context which is poorly read by the isocoding major tRNA 
Species. Shifts in these minor tRNAs could vary the overall 
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rate of translation or could optimize production of protems 
synthesized in large amounts in particular conditions. 

Three examples may support these speculations. The first 
concerns the finding by Zilberstein et al”? that extracts of 
interferon-treated cells cannot completely translate 
haemoglobin mRNA unless a purified minor Leu-tRNA 
species 1s added. This minor Leu-tRNA could not be replaced 
by the major isocoding (CUG) tRNA species. The second case 
concerns tRNA genes carried by bacteriophage T4 (and other 
viruses). Guthrie and McClain have shown that one of the T4 
tRNAs is essential for phage growth on a natural isolate of 
Escherichia coli*®. The essential tRNA is a minor [le-tRNA 
species recognizing the codon AUA. A tRNA species with the 
same codon specificity is, of course, already present in the 
infected host. It seems possible that the viral tRNAs permit 
translation of T4 messages in which the context of some 
codons permits only inefficient reading by the tRNA 
complement of some natural hosts. The third example is the 
Bombix mori posterior silk gland in which a novel Ala-tRNA 
species appears while huge amounts of silk protem are being. 
produced*’:*!. One can speculate that to produce a large 
quantity of a particular protein, it may be necessary to 
eliminate even minor problems of context inherent in 
translation of message for that protein. The new silk gland 
AR A may serve sien | a purpose These three examples 
s in which there are 
restrictions of codon context “that can be overcome by 
particular tRNA species. In summary, our data on the tRNA 
specificity of context effects suggest that any given codon may 
be read preferentially by one or another member of an 
isocoding tRNA family, depending on the context in which 
that codon appears. 
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Gene fusions in which the lac genes are under the control of each promoter in the Klebsiella pneumoniae nitrogen 
fixation (nif) gene cluster have been constructed. These fusions have been used to examine positive control of the cluster 
and the response of individual genes to repression by ammonia and oxygen. De-repression of nif transcriptional units is 
coordinate and molybdate is required for maximal expression of the structural gene operon, which is autogenously 


regulated. 


THE process of biological nitrogen fixation, the conversion of 
nitrogen to ammonia, is rate-limiting in many agricultural 
areas. Nitrogenase, the enzyme complex which catalyses the 
reduction of dinitrogen, is comprised of two redox proteins 
both of which contain iron-sulphur centres and one of which 
also contains molybdenum‘. These component proteins are 
irreversibly inactivated by oxygen. A cofactor (FeMo-co) 
containing Mo, Fe and S, presumed to carry the active site of 
nitrogenase, can be separated from the Mo-Fe protein’. Both 
a reductant and ATP are required for enzyme activity’; 
approximately ISmol of ATP are consumed per mol 
dinitrogen reduced. In view of this high energy requirement 
and the extreme oxygen sensitivity of the component proteins it 
is not surprising that nitrogenase synthesis is tightly controlled. 

The nitrogen fixation (nif) gene cluster of Klebsiella 
pneumoniae consists of at least 15 genes organized into 5 
polycistronic and 3 monocistronic transcriptional units 
(Fig. 1)*~’. The structural genes nifK and nif D code for the f 
and « subunits, respectively, of nitrogenase Kpi (Mo-Fe 
protein} and nifH codes for Kp2 (Fe protein) of nitrogenase. 
The nif B, nifN and nifE gene products are involved in the 





the nif M gene product is required for Kp2 activity”. NifF and 
nif J are involved in electron transport to nitrogenase”. The 
phenotype of nifA mutants suggests that nifA gene product is 
a positive activator of nif transcription®:'°. The functions of 
the remaining five gene products are unknown. 

Regulatory studies have so far indicated that the nitrogenase 
structural genes are subject to repression by ammonia and by 
oxygen’! and there is some evidence that molybdate is 
involved in the regulation of nitrogenase’*. In addition, 
glutamine synthetase, the product of the glnA gene, has been 
implicated as a general positive effector of enzyme systems 
which, including nitrogenase, are involved in the assimilation 
of ‘poor’ nitrogen sources’*. There are, however, serious 
obstacles to studies on regulation of the individual 
transcriptional units in the nif gene cluster, because most of 
the gene products have not been conclusively identified and 
there is no simple assay for any of the individual gene 
products. To overcome these difficulties we have used the 
recently developed technique of Casadaban and Cohen'* to 
construct gene fusions in which the Escherichia coli lac 
genes are fused to a promoter of interest. Such gene fusions 











synthesis or processing of the iron-molybdenum cofactor, and have enabled us to monitor the response of each 
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Fig. 1 Map of the K. pneumoniae nif gene cluster showing the location of insertions and deletions induced by phage Mud (Aplac). The wavy lines indicate the 


eight transcriptional units and the arrows show the direction of transcription where known. The map is not drawn to scale. Transposition of Mud{Aplac} 
into the conjugative plasmid pMF100, which carries the Ais-nif region of the K. pneumoniae genome was induced either by induction of an E. coli Mud (Aplac) 
lysogen, UNFSI!1 (his trp lys lacd str) carrying pMF100 at 37°C or by infection of E. coli strain JC3272 carrying pMF149 (a Mu-sensitive derivative of pMF 100) 
with a mixed lysate of Mucts and Mud(Aplac) at 30°C. Insertion mutations in the plasmid were selected on the basis of co-transfer of Ais and ampicillin 


resistance in crosses carried out at 30°C with an E. coli Mucts tysogen, UNFSI4 this trp lac recA36 spe}, In both cases the transposition frequency of 

Mud (Aplac} was approximately 107* with respect to plasmid transfer. nif -lae fusions were obtained by screening for colonies which fanled to grow anaerobically 

on nitrogen-free (NFDM?*°) agar, but could form blue colonies on NFDM plates containing serine a 00 pg mi t} and the indicator dye $-bromo-4-chloro-/}-D- 

galactoside (40pgmi~'). Mud{Aplac) insertions were mapped against a set of K. pneumoniae nif poimi and deletion mutations described in ref. 7. Allele 

numbers above the map are independent insertions in which f-galactosidase ts under the control of a aif promoter, Black lines beneath the map represent 

Mud (Aplac }-induced deletions in which (a) 8-galactosidase is repressed by ammonia (under nif control) or {b} f-galactosidase is constitutive (under the control of 
a promoter outside nif). 
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Table 1 


saan a aa at a Te er re anne meannan A mimaa aa aana ana LALLA LAMAR AIL HALLMAN 
uiet ee e Haet etap a ll MLR anaana: 
m mommas. 


UNF619 
Fusion allele nif” 

-NHI NH; + NHI -NHI 

+ Mo -Mo +Mo 
nif B2819:: Mud{Aplac} 400 250 9 440 
nifA2787 >. Mud{Aplac} 790 oe 24 940 
nifA2779:: Mud{Aplac) 710 600 20 1,040 
nif L2782:: Mud(Aplac) 730 6) 25 890 
nif F2822:: Mud(Aplac) 700 400 16 700 
nif M2785 ::Mud{Aplac) 900 900 22 520 
nif $2817 :; Mud(Aplac) 220 -= 18 120 
nif 02780 :: Mud(Aplac) 900 550 15 680 
nif N2790 :: Mud {Aplac} 950 500 23 580 
nif E2816:: Mud(Aplac) 610 ag 10 660 
nif H2783 :: Mud{Aplac} 3,500 500 7 500 
nif J278}: Mud(Aplac} 1,070 1.000 60 1,050 


fi-Galactosidase activities of nif -tac fusion strains in various genetic backgrounds 
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f-Galactosidase umts in: 
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A(his—nif } glnA2al gin-205 nif Azpia: Tanig” 
-NH; +NH; —NHj; -NE a NH: 
~ Mo 
250 6 24 G 
— i4 13 & 
600 17 16 7 
7 23 13 g 
400 15 56 46 ad 
500 24 13 £ 25 
ae jI H E 1G 
800 14 ił F na 
500 14 9 G 19 
ar 7 19 Q oe 
$00 Hi 9 $ 9 
1,000 itt 222 120 263 


Derivatives of pMF100 carrying the Mud(Aplac) insertions with or without a Tn/@ insertion in nif A were introduced into various K. paeumoniae strains, All strains are 


lacA MuhP1 lysogens derived from K P5022 (nif * hisD2 hsdR1} or UNF1522 (Al | | 
anaerobically in bijoux bottles in nitrogen-free medium (NFDM)’°, containing 2 mg mi~ '(NH,).SO4{+ NHJ) or 1002 m1~ 
absence (-~ NHJ, — Mo) of molybdate (100 47M). In the latter case, removal of traces of molybdenum was achieved by extracting both g 


his—nif ) 2633 hsdRI str}. UNF619 and UNF6S6 are also recA. Cultures were grown 


' serine in the presence (~ NH]. + Moi or 
fucose and seis with B- 


hydroxyquinoline and chloroform’', and by washing the glassware in 50° nitric acid (v/v). Cells were collected, resuspended in oud saline phosphate baffer 
containing 100ugml~' chloramphenicol and assayed for f-galactosidase using the procedure and units of activity described by Miller?*, Dashes indicate that the 


appropriate value was not determined. 


*The nif 42013::Tnl0 (ref. 7) insertion was transduced onto the plasmids with phage PiCmclr!00 by selecting for tetracycline resistance and screening for cotransfer 


of both tetracycline and ampicillin resistance. 


transcriptional unit to various effectors and to determine the 
kinetics of de-repression of individual operons. 


Construction of nif -lac fusions 


We used phage Mud(Aplac)'*, a defective derivative of Mu 
which retains Mu transposition functions, carries part of the 
transposon Tn3 encoding ampicillin resistance (Ap) (which cannot 
itself transpose) and has the lac structural genes inserted in 
the phage such that when the phage inserts into a gene in the 
appropriate orientation, transcription proceeds through the S 
end of Mu into lacZ. 

We have selected a large number of nif—-lac fusions after 
transposition of Mud(Apiac) into the Nif? conjugative 
plasmid pMF100. Around 20% of Mud(Aplac) insertions 
resulted in a Nif” phenotype, although the majority of 
insertion events (261 out of 315 mutants obtained from several 
independent crosses) produced deletions which mapped to one 
side of the prophage. lac was expressed in some of these 
deletions and two classes were observed: (1) those with end 
points within nif in which fac was under the control of a nif 
promoter and was repressed by ammonia, and (2) those with 
more extensive deletions in which lac was fused to a promoter 
outside nif, resulting in the expression of f-galactosidase in the 
presence of ammonia (Fig. 1). All nif-lac fusions which did 
not carry adjacent deletions gave poor or no growth on 
lactose in the presence of ammonia. Precise mapping of these 
non-deleted strains has shown that the fusions are located in 
11 out of 15 nif genes, with at least one fusion in each of the 
transcriptional units (Fig. 1). 


Ammonium repression 


Measurements of f-galactosidase activity in K. pneumoniae 
strains carrying various fusions suggest that all nif promoters 
respond to NH% repression, although the extent of repression 
varies among different fusions (Table 1). These observations 
confirm and extend previous data on ammonia repression of 
some of the nif transcriptional units as measured by RNA- 
DNA hybridization experiments’? or by detection of nif- 
specific polypeptides”. 


Positive control 


The nifA gene product has been suggested to act as a specific 
positive control factor for nif transcription: 10 We have 
therefore investigated the role of nifA in the regulation of the 
nif genes by constructing nifA, nif::lac double mutants. 
Transposon Tni0 was inserted into the nifA gene, thus 


aaah einan a at maa i aara i a a a a a 
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inactivating its function, and in all fusions tested, f-galactosidase 
activity was decreased considerably in the absence of an active 
nifA product (Table 1). Introduction of plasmids carrying a 
nifA mutation and a nif—lac fusion into a nifA” background 
restored f-galactosidase activity (data not shown). However, 
the -nifA gene product is not apparently be haiti for 
transcription from the nif L promoter, as significant levels of f- 
galactosidase were observed in the ni? L and nifA fusions and 
in the fusion nif2779::Mud(Aplac), which is deleted for most 
of nifA and nif L. 

The properties of various mutations affecting the synthesis 
or activity of glutamine synthetase suggest that either the 
enzyme itself or a product of one or more regulatory genes, 
including ginF and ginG (ginR), acis as a general positive 
OE for various operons ONS in pirogen 


ne ein A201. a mutation in “he structural gene for 
glutamine synthetase, and gin-205, a glnA-linked regulatory 
mutation which prevents nif de-repression (G.E. and M.M. 
unpublished), is shown in Table 1. Transcription of all nif 
operons is affected by these mutations. This result does not 
allow us to distinguish whether the positive effector acts at 
only a single site within nif or whether all nif transcriptional 
units are subject to this control. Previous studies on mif- 
specific mutations which are independent of this regulation 
suggest that the effector may act at a single nif promoter and 
that the other transcripts are positively controlled by a nif- 
specific regulatory protein'®. Our data are consistent with this 
model, as we have shown in Table 1 that transcription of the 
nif LA operon is dependent on a glin gene product, 

The nifJ gene showed a unique response to various effectors. 
A high level of residual activity was observed in the nifJ 
fusion both in ginA, gin-205 and nifA:: ae backgrounds as 
well as in ammonia-grown cultures (Table 1). Similar results 
were obtained with an seer nif J fusion, 
nif J2788::Mud(Aplac). It is possible that there is a less 
stringent requirement for nifA product at the nif J promoter. 


Regulation of the nifH DK operon 


In the majority of cases, no significant difference was observed 
in the steady-state levels of £-galactosidase when merodiploid 
strains of genotype nif * /nif :: lac as compared with haploid 
strains of genotype Anif/nif::lac. The exception was a 
nif H::lac fusion which showed a pee increase in a nif ~ 
compared with a total nif deletion background (Table 1), 
Suggesting that this operon is autogenously regulated. 


J 
Z 
„Á 
Q 
cee e “2 
a 4 
60r A 
B 
40 


ty 
a, 

a 
L] 

a 





-Galactosidase activity (units) 
A units = = = 





De-repression time (h) 


Fig. 2 Kinetics of de-repression of nif-lac fusions. Cultures were grown in 
NFDM plus (NH,),SO, (1.Smgml~')- overnight at 28°C under N,, 
collected by a and resuspended in NFDM at 25°C. Cultures 
were bubbled with N, and samples (0.2ml) removed at the times in- 
dicated for A of -galactosidase activity. For clarity the curves 
are displaced and the data on the ordinate plotted as the change 
in f-galactosidase activity {units} observed during  de-repression. 
All strains were derivatives of UNF619 (nif* hisD? AsdRI lacA rec A56 
sr1390::Tn0 MuhP1) carrying nif-lac fusions in pMF100 (shown in 
Fig 1). ©, nif H2783::Mud(Aplac); a, nifN2790::Mud{Aplac}. >. 
nif M2785::Mud(Aplac); h nif J2781::Mud(Aplac); @. aif F2822:: 
MuciAplac): VW. nif U2780::Mud{Aplac), A, nif B2819::Mud(Aplac): 
W. nif L2782>:Mud(Aplac): W. nif A2787::Mud (Aplac). 


Because the nifH::Mud(Aplac) insertion exerts a strong 
polar effect on nifD and nifK, it 1s possible that any of the 
products of the operon could affect the level of nifH 
expression. Table 2 shows the f-galactosidase activities of 
merodiploid strains carrying various mutations in frans to a 
nif H :: lac fusion on the K. pneumoniae chromosome. (Levels 
of activity were generally lower than those with nif H:: lac 
located on the plasmid (Table 1), suggesting a possible effect of 
plasmid copy number, and in these experiments there was a 
threefold increase in the diploid (nifH::lac/nif~) strain 
compared with the haploid (nifH::lac) level.) When the 
plasmid carried a Tn7 insertion in nifK or nifD or a deletion 
extending from nif L into nif D, B-galactosidase activities were 
33—55 8 "of the nif* level. However, not all Tn7 insertions in 
nifH gave a significant decrease in f-galactosidase activity 
(Table 2); this may reflect differences in polarity exhibited by 
Tn7 insertions in nifH. Only three out of seven Tn7 insertions 
in nifH had reduced levels of activity, whereas two nifD and 
three nifK insertions exhibited less than 55% of the nif” 
control (data not shown). These results suggest that the nifK 
and/or nifD gene products are involved in regulation of the 
operon. As none of the mutations tested can complement the 
ie H ae eet nitrogenase g per se is not required 
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Involvement of molybdenum 

Molybdenum is essential for nitrogenase activity, as it is a 
component of the iron-molybdenum cofactor of Kpi protein. 
Hence, growth on molecular nitrogen is dependent on the 
presence of molybdate in the medium. As there is conflicting 
evidence concerning the involvement of molybdate in the 
regulation of nitrogenase synthesis in K. pneumoniae!?:'!9, we 
have re-examined this question using nif—lac fusion strains 
grown in the presence or absence of molybdate (100M). The 
absence of molybdate did not affect the f-galactosidase 
activity of ammonia-grown nif—lac fusion strains. None of the 
operons showed an absolute requirement for molybdate for de- 
repression and, in the haploid situation, f-galactosidase 
activities did not differ significantly in the presence or absence 
of molybdate (Table 1). Thus, molybdate has no regulatory 
function per se. In the diploid situation, only the 
nif” /nifH::lac strain responded to molybdate addition and 
lac expression was increased sevenfold (Table 1). These results 
show that both the presence of molybdate and product(s) of 
the nif HDK operon are required for maximal expression from 
the nifH promoter. It is therefore most likely that a molybdo- 
protein, presumably Kpł protein, is involved in autogenous 
regulation of the operon. We have been unable to distinguish 
whether the presence of molybdate influences the stability of 
this protein or whether insertion of molybdenum into Kpl is 
necessary for the formation of a regulatory active species. 


Oxygen repression 
Oxygen represses nitrogenase synthesis as well as inactivating 
the nitrogenase component proteins''. Synthesis of f- 
galactosidase from all the nif promoters was inhibited in both 
nif” and nif deletion backgrounds when NHj-grown cultures 
were resuspended in N-free medium and bubbled vigorously 
with air for 6h. The degree of expression among different 
fusions varied from 3%, (nifH) to 43°. (nif L) of the activity 
obtained with control cultures sparged with nitrogen. 
Additional experiments were carried out in an oxystat in 
which a defined and constant dissolved oxygen tension 
(D.O.T.) could be maintained. When a nif * strain was grown 
in ammonia, resuspended in N-free medium and maintained at 
a D.O.T. of 0.5°.. de-repression was inhibited and synthesis of 
nitrogenase polypeptides could not be detected in pulse- 
labelling experiments (S. Hill and C. Kennedy, unpublished 
observations). Synthesis of f-galactosidase from the nifH 
promoter was also repressed as expected in these conditions, 
but synthesis from the nif L promoter in both nif* and nif 
deletion backgrounds was unaffected (Table 3). Thus, oxygen 
repression of the nif HDK operon is not mediated by inhibiting 
transcription at the nifLA promoter, at least at low oxygen 
tensions. At higher D.O.T.s (3% and 5%. Table 3) the 
nif L::lac fusion was apparently subject to oxygen repression 
as predicted from the bubbling experiments. The nif HDK 
operon is, therefore, far more sensitive to oxygen repression 
than the nifLA operon. 


Table 2 Effect of mutations in trans on f-galactosidase synthesis from 
nif H lac 


Plasmid allele 


in trans f-Galactosidase units a 
ee 385435 30 
nif ~ 1,269 + 107 100 
nif K2185:: T7 48i +90 38 
nif D2197 ::Tn7 330 + 20 42 
nif D2210::Tn7 41043 32 
nlfA(L-D)8738 618+ 68 49 
nif H2191:: Tn? 1.095 +425 &7 
nif H2212: Tn? 1,137 + 67 90) 
nif 2213227 a7 §33437 42 





Derivatives of plasmid pRDI carrying nifA(L-D)8758 or Tn7 insertions 
in nifH, nifD or nifK {ref 7) were introduced into UNF725 
(nif H2783:: -Mud{Aplac) hsdRI lacA recAS6 sr1300::Tn10 MuhPl). Cultures 
were grown and assayed for f-galactosidase activity as in Table 1. 
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Table 3 Effect of oxygen on f-galactosidase activity in nif L and nif H fusions 
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Units of B-galactosidase activity 
under ©, as “, of that under N, 


Fusion allele Strain Cultures Cultures maintained ata 
on plasmid background bubbled with air D.O.T. (5, saturation} of: 
0.3 3.0 59 
nif L2782 Aihis-nif ) 32 +9 1234 10 6% 544+ 6 
nif ~ 43+17 116+3 64 ne 
nif H2783 Aihis-nif } 10+3 3243 
nif * 341 ey j= -& 


Cultures were grown in NFDM?° plus excess NH{ overnight at 30°C under N,, collected by centrifugation and resuspended in NFDM at 30°C. B-galactosidase 
activity was measured after vigrously bubbling 5 ml aliquots of culture with either air or N, for 6h. Alternatively, f-galactosidase activity was determined after 4.5 


exposure either to the indicated D.O.T. in an oxystat supplied with air plus N,, or to N,, —, Not tested, 


Kinetics of nif de-repression 


Pulse-labelling experiments on cultures released from NHł 
repression have shown that the nifK, nifD and nifH 
polypeptides are synthesized approximately 1h before 
nitrogenase activity can be detected, indicating either that de- 
repression of nif operons is not coordinate or that there is a 
rate-limiting step in establishing a functional nitrogenase 
system'', To examine this question more thoroughly, the onset 
and rate of de-repression for diploid (nif*/nif::lac) fusion 
strains have been determined following transfer from NH} to 
N-free medium. The appearance of nitrogenase activity 
measured by acetylene reduction was reproducible in all 
strains tested, occurring 2-2.5h after transfer to N-free 
medium. Control experiments in which rifampicin (100 pg ml~') 
was added before de-repression, indicated that there was no 
significant increase or decrease in the residual level of f- 
galactosidase activity in the absence of nif transcription. The 
onset of f-galactosidase de-repression occurred at 1-1.5h in all 
cases, but the rates of enzyme synthesis varied among the 
different fusions (Fig. 2). Although the levels of B-galactosidase 
activity in fusion strains do not necessarily represent the 
efficiencies of the various nif promoters, the. de-repression 
curve for nif H agrees well with pulse-labelling data on the rate 
of nitrogenase synthesis during de-repression'!, and the 
relative amounts of f-galactosidase synthesized from the other 
promoters generally correlate with the relative rates of syn- 
thesis of detectable nif-specific polypeptides observed on 
polyacrylamide gels. Note that synthesis of -galactosidase 
from the nif A, nif L and nif B promoters occurred initially at a 
slower rate than with the other fusions. The slow de-repression of 
nifB may account for the late appearance of acetylene- 
reducing activity. Consistent with this hypothesis, nitrogenase 
activity of crude extracts prepared from cultures in the ‘early’ 
stages of de-repression is stimulated by addition of purified 
FeMo-co (R.R.E., unpublished results). 

To examine regulation of the nifHDK operon in more 
detail, we also compared the de-repression kinetics of nif H 
diploid and haploid strains grown in the presence and absence 
of molybdate. Three typical curves are shown in Fig. 3: a, The 
nif*/nifH::lac diploid fusion in the presence of molybdate 
showed a linear increase in f-galactosidase activity from the 
onset of de-repression for at least 7h after transfer from NH? 
to N-free medium. b, The nifH::lac haploid strain, grown 
either with or without molybdate, initiated de-repression of p- 
galactosidase as in a but subsequently showed a cut-off in 
synthesis after 3.5-4h in N-free medium. The nif * /nif H :: lac 
diploid strain in the absence of molybdate also showed a cut- 
off similar to that of the haploid strain. (For simplicity only the 
curve for the haploid nifH::lac fusion in the presence of 
molybdate is shown in Fig. 3.) c, A nif H::lac, nif A::Tn10 
double mutant showed no increase in f-galactosidase activity 
in the presence of molybdate, indicating that the nifA product 
is necessary for the onset of de-repression. 

Thus, de-repression of the operon is clearly initiated in the 
absence of molybdate or in the haploid strain lacking the 
nif H, nif D and nifK products. The cut-off indicates there is an 
. insufficient level of a regulatory molecule to maintain 
transcription from the nif H promoter in these conditions. 


Discussion 

Our data suggest that all the operons in the nif gene cluster 
are subject to positive control, which is ultimately mediated 
either by glutamine synthetase itself or by a gene product 
involved in glutamine synthetase reguiation, We assume that 
this positive effector activates transeription at the nif LA 
promoter and that the nifA product specifically promotes 
transcription of other nif operons. Alternatively, it is 
conceivable that the positive effector involved in glutamine 
synthetase regulation is required in addition to the nifA 
product at these promoters. We have also shown that the 
nif HDK operon is subject to autogenous regulation and that 
the availability of molybdate and at least the nifK and nifD 
gene products are required for maximal expression from the 
operon promoter. This conclusion is also consistent with the 
finding that the level of Kp2 protein is low in strains carrying 
insertion mutations in nifK and nif Dt”. In wild-type nitrogen- 
fixing bacteria, autogenous regulation of the nifHDK operon 
might provide a useful mechanism for preventing synthesis of 
inactive nitrogenase. 

All transcriptional units in the nif gene cluster are repressed 
by ammonia and as there is no evidence for a nif-specific 
repressor which responds to ammonia, it is possible that this 
repression is mediated through the leve! of a gin gene product. 
The latter control system is probably not involved in oxygen 
repression because mutants which produce nitrogenase in the 
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Fig. 3 Effect of strain background on de-repression kinetics of nif Hs: lac. 
Cultures were grown and assayed for f-galactosidase activity as in 
Fig. 2. Strains were derivatives of UNF619 and UNF686 described in 
Table i legend. a, nif* /nif H2783::Mud{(Aplaci} i): b  Alhis~ 
nif ynif H2783::Mud(Aplac) (@): © A this-ni? Vnif H2783: :Mud{Aplach, 
nifA2013::TniO (A). When grown in the absence of molybdate both 
diploid (nif * /nifH::lac) and haploid (nifH: lac} strains gave similar 
curves to @. For description of curves ac, see text. 
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presence of ammonia remain subject to oxygen regulation’ t, It 
is also unlikely that the products of the nif HDK operon are 
involved in oxygen repression because the level of f- 
galactosidase activity in a haploid polar nifH::lac fusion 
strain was lower under a D.O.T. of 0.5%, than the control 
under nitrogen. It is possible that one of the other products of 
the nif gene cluster acts as an oxygen sensor and can mediate 
oxygen repression at a low D.O.T., whereas at higher oxygen 
concentrations there is a more general effect on the nif gene 
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cluster which may also extend to other oi setitenresible 
systems in the cell. 

The isolation of regulatory mutations in each of the nif 
transcriptional units should considerably enhance our 
knowledge of the regulation of this complex gene cluster. 
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Comet Bradfield (19791), discovered shortly after perihelion, on 
Christmas day 1979, is characterized by a retrograde orbit of 
period = 250 yr. This orbit was very favourable for observation 
by the IUE satellite’, and the first observations, the preliminary 
results of which are reported here, were made on 10 and II 
January 1980. Previously, comprehensive vacuum UV cometary 
spectra were available only for Comet West (1976VI) from 
rocket observations’’ and Comet Seargent (1978m) obtained 
with TUE‘, hence three comets have now been observed in the 
wavelength region where most of the major constituents are 
detectable spectroscopically. The UV spectra of these comets 
are remarkably similar, despite large differences between them 
in the gas-to-dust ratio and the different heliocentric distances at 
which the observations were made, and although the statistical 
basis is still very small, the implication for cosmogony is that 
nearly all comets have the same primary composition and 
origin. 

At the time of these observations the comet was 0.7] AU 
from the Sun, 0.61au from Earth, and had a total visual 
magnitude +4. The visual appearance of the comet was diffuse 
with a weak central condensation and with only a shght trace 
of an ion tail. The comet could be tracked on its centre of 
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brightness by the fine error sensor of the IUE. Drift was found 
to be no more than I-2arcsh™'. All observations were made 
with the large (10x 20arcs) apertures of the spectrographs 
and the pointing accuracy was verified by the presence of the 
weak continuum near 2900A in the centre of the slit. 

The short wavelength spectrum is shown in a 2-h exposure 
in Fig. 1. The vertical scale has been reduced to average 
surface brightness per A in the 10x 20arcs slit. As noted 
below, the use of the large slit permits a limited amount of 
spatial imaging on extended sources? to a resolution of 
x6ares, but the spectra presented here represent the 
average over the entire slit. The dominant features in the 
spectrum other than Hı Lye which is highly over-exposed are 
O1/1,302. C1441,561, 1,657 and 1,931 and $141,813, as in the 
spectrum of Comet West**. The brightness in a given line or 
multiplet is obtained by integrating over the instrumental 
spectral band-pass which varies from x6A for a point source 
to x1lA for a diffuse source uniformly filling the entire 
aperture. Table 1 gives the average brightness for these 
features. The Cu41,335 multiplet and CO fourth positive 
bands observed by Feldman and Brune’, are present in the 
smoothed spectrum of Fig. 1 slightly above the noise at about 
the same level relative to the Ci lines as in the spectrum of 
Comet West. It is surprising that the spectrum of Comet 





Table 1 Average brightness of spectral features at 0. PAU 
Wavelength Bri oh tness 
Species (À) (kR) 
Hi Lyx 1,216 160 
Qi 1,304 0.33 
Ci 1,561 O12 
1,657 0.55 
1,931 0.05 
Si 1,807-1,826 0.26 
CS (0,0) 2,576 1.40 
(O41) 2,663 0.15 
CO,” 2,890 0.60 
OH (1,0) 2,820 7.6 
(0,0) 3,085 370 
ii) 3,142 12 
CO* (0,1)4+ (1.2) 2,321 0.39 
(0.2) + (1,3) 2,436 O18 
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Fig. E Low dispersion, short wavelength spectrum of Comet 
Bradfield taken with the IUE spectrograph slit centred on the 
visible centre of brightness on 10 January 1980. The exposure 
time was 2h. 





Bradfield ts so similar to that of Comet West considering the 
differences in appearance, heliocentric distance and gas 
production rate at the times of observation as well as the 
difference in projected slit area of the two instruments. This 
suggests that reactions among the neutral and ionized species 
in the inner coma may not play a significant part in altering 
the composition of the coma following photodestruction of the 
mother molecules evaporated from the cometary nucleus. 

The average brightness of the Hi Lyx emission, which is 
saturated in the spectrum of Fig. 1, is determined from a 60-s 
exposure and is found to be 160kR which indicates an 
optically thick atomic hydrogen column along the line-of- 
sight to the centre of the coma. The O1 multiplet at 1,302 A is 
nearly optically thick as it is excited by resonance scattering of 
the solar 41,302 lines because the heliocentric velocity of the 
comet was 24kms~'. In previous observations of Comets 
Kohoutek and West? this velocity was =50kms~! which 
shifted the cometary oxygen absorption outside the solar line 
profile and it was assumed that fluorescent pumping by solar 
Hı Lyf radiation was the excitation source. 

A 2-h exposure of the long wavelength spectrum is shown in 
Fig. 2. Once again the dominant features are the CO*, CS, 
CO,*, and OH bands identified previously?, but now the 
identification of CS is confirmed by the presence of the (0,1) 
band at 2,663A and the (1,0) band at 2,507A in addition to 
the saturated (0,0) band at 2.576A, all three of which are 


Brightness (R/ A) 





Wavelength (A) 


Fig. Z Same as Fig. 1, but a 2-h exposure with the long 
wavelength spectrograph. 


degraded towards the red. The three OH bands are also 
saturated but the average brightness of these bands can be 
found from shorter exposures. These are all listed in Table i 
The weak continuum observed near 2,750 and 2,950A suggests 
a very small dust-to-gas ratio for this comet, consistent with 
visual observations. 

One peculiarity of this spectrum is the absence (or extreme 
weakness) of the (0,0) and (1,0) bands of the CO” first 
negative system near 2,190 and 2,112 A, respectively. Both of 
these bands are also absent or very weak in the IUE spectrum, 
of Comet Seargent*. In the rocket spectra of Comet West? 
the (0,0) band was the strongest CO” feature. It does not seem 
likely that fluorescent pumping by soler radiation can explain 
this difference as the observed strong bands near 2,300 (0,1 
and 1,2) and 2,420A (0,2 and 1,3) orig nate on the same v =0 
and 1 levels of the upper B*Z* state of CO” and in an 
optically thin. ion coma the band intensities would be 
proportional to the Franck-Condon factors for the transitions. 
One possibility is that the CO” in our field of view is optically 
thick along the line-of-sight in the v” =) ground state and as a 
result (0,0) and (1,0) band photons are re-absorbed and 
pumped into transitions such as (0,1) end (1,2). The difference 
with the Comet West data can be explained by the difference 
in field of view, 5x 35are min for the experiment of Feldman 
and Brune? compared with 10x 20ares for TUE, a factor of 
= 3,200 in solid angle. Thus, most of the radiation observed by 
Feldman and Brune is from CO” significantly further away 
from the nucleus where the CO” is not optically thick along 
the line-of-sight, and the relative band intensities are close to 
the theoretically expected values. A consequence of this 
explanation is the inference that CO” is produced in large 
abundance within 3,000km of the nucleus. However, this 
hypothesis is not consistent with visual spectra obtained later 
in the month (January 30.0) which snowed only very weak 
emission in the CO* comet tail bands near 4,000A (C. 
McCracken, personal communication) and only a faint visual 
ion tail. 
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Fig. 3 Variation of the brightness of the CS (0.0) band at 

2576A across the spectrograph slit. At the instrumental 

resolution of Garcs, the CS seems to have a point-source 
origin. 


Several very weak features were observed in both Fig. 1 and 
Fig. 2 and may, in fact, be real emission features such as 
additional CO fourth positive bands or the [O1] line at 
2,972 A. There is strong evidence that he [Or] 2,972 A feature 
is real as it is also present above the dust continuum in the 
spectra of Comet West?:*. This transition ('S-°P}, known to 
atmospheric spectroscopists as the ‘trans-auroral’ line of 








oxygen, is produced at 5% of the rate of the ‘auroral green 
line’ at 5,577A ('S—'D). The green line has been proposed’ 
but not conclusively identified in cometary spectra due to the 
masking effect of the solar scattered continuum, the nearby 
(1,2) Swan band of C, and the presence of this line in the 
night airglow, but it is clear that oxygen in the 'S state is 
produced in the coma. Preliminary calculations indicate that 
direct photodissociation of H,O by solar Hı Lya radiation is 
sufficient to account for the observed surface brightness of the 
A2,972 A feature. 

The spatial variations of the UV emissions can be studied in 
two ways. For those emissions with short scale lengths there is 
an appreciable variation in brightness within the 10 
x 20arcs aperture of the spectrographs and the variation 
can be mapped with a spatial resolution of wzé6arcs. 
Otherwise it is necessary to take several different exposures 
with the spectrograph slit offset by a known amount from the 
centre of visual brightness of the coma. An example of the 
former is the CS (0,0) band at 2,576A, for which the spatial 
variation in the large slit from a 30-min exposure is shown in 
Fig. 3. The horizontal scale is the linear distance from the 
centre of the coma appropriate to the Earth-comet distance at 
the time of observation. The sharp decrease in brightness away 
from the centre of the comet suggests a p`! brightness 
dependence characteristic of a parent molecule density 
distribution which varies as R~? close to the nucleus, where R 
is the distance from the centre of the comet and p is the 
distance from the centre projected onto the sky. It is thus very 
probable that CS exists as a parent molecule in the cometary 
ice or is the dissociation product of an extremely short-lived 
parent molecule. 

The second technique, several exposures centred at different 
distances from the visible centre of brightness, is shown for the 
OH (0,0) band at 3,090A in Fig. 4. The three data points are 
compared with the predictions of a Haser model® to give both 
the scale length (at Iau) and the OH production rate. 
However, the results are sensitive to the choice of the assumed 
H.O outflow velocity and for our purpose we took extreme 
cases of 0.5 and 1.0kms~'. The other parameters needed’ are 
the HLO lifetime, 8.2 x 10*s, and the OH outflow velocity, 
1.i15kms~'. The two curves in Fig. 4, virtually 
indistinguishable from each other, correspond to values of toy, 
=1.0x10°s and 5.0x10*s for the respective values of UH, 
=0.5 and 1.0kms~'. The corresponding values of the OH (and 
presumably H,O) production rate at 0.71AU are Qoy=! 
x 107°s~! and 2x 107s”, respectively. The range of deduced 
values of to, (at LAU) is in accord with the theoretical value 
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Fig. 4 Comparison of the OH (0,0) band brightness profile with 
a radial outflow model using the parameters defined in the insert. 
Data from three exposures are shown as rectangular boxes, the 
horizontal size being the projected length of the spectrograph slit 

on the comet and the vertical size the measurement uncertainty. 
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Fig. § High dispersion spectrum of the OH (0,0) band taken 
from a 15-min exposure. The wavelengths shown are vacuum 
wavelengths. The ordinate is in IUE flux units which are not 
corrected for the absolute spectral response of the instrument. 
The theoretical intensities have been multiplied by the 
approximate spectral response curve of the long-wavelength 
camera which varies steeply in this spectral region. The P, (1) line 
near 3,082A was saturated (S) in the observed spectrum and is 
off-scale in the theoretical calculation. © 





of 7.5x 10*s given by Jackson?® for a heliocentric velocity of 
24kms~'. According to Festou’, the lifetime derived by means 
of Haser’s model is a lower limit to that obtained from a 
model which properly accounts for the spatial distribution of 
the OH radicals produced by photodissociation. The water 
production rate, reduced to Lau, of 0.5-1 x10°°s7}, is 
considerably lower than that of several ‘new’ comets as given 
by Keller and Lillie'', consistent with the identification of this 
comet as a long-period comet which has made numerous 
passes through the inner Solar System. 

Assuming that CS is evaporated from the nucleus with the 
same outflow velocity as H,O, it is possible to determine the 
relative production rate of these two molecules. A g-factor for 
the CS (0,0) band at 2,576A of 7x107* photons per s per 
molecule at Iau was adopted which leads to a value of the 
ratio Qcs/Qy 0 5 x 1074. Thus, although CS is a prominent 
feature of the UV cometary spectrum it is clearly only a minor 
species in the comet. 

The high resolution capability of the IUE spectrographs was 
used to study further the resonance fluorescence excitation of 
the OH (0,0) band, the strongest emission feature in the 
cometary spectrum. A 15-min, high-dispersion exposure is 
shown in Fig. 5, along with the predicted relative intensities as 
calculated for the heliocentric distance, r, and radial velocity, /, 
at the time of observation!?. The excellent agreement between 
theory and observation over the velocity range 24-28kms 7! 
indicates that no process other than fluorescence is important 
in controlling the OH level populations. The dependence of 
the spectrum on Ff is strikingly illustrated by comparison of 
Fig. 5 with a similar, high-dispersion spectrum of this band 
from Comet Seargent (1,978m) (ref. 4), which differed in 
heliocentric radial velocity by ~10kms~'. The large changes 
in the spectrum with radial velocity indicate that the 
fluorescence efficiency (g-factor) is also a function of radial 
velocity. The velocity dependent g-factors, needed to convert 
low resolution fluxes to column densities as above, were 
obtained from this high resolution analysis. 

These new results are only the preliminary analysis of the 
data obtained at the first opportunity for IUE observations of 
Comet Bradfield. Observations were continued, at the rate of 
one a week corresponding to increments in heliocentric 
distance of ~0.1 au, through February, and should provide 
important information about the variation of the production 
rates of the UV active species with distance from the Sun. As 
the first comet to be so regularly observed in the vacuum UV, 
Comet Bradfield will greatly increase our understanding of the 
physics and chemistry of the cometary atmosphere. 
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We inne the [UE OGE eT for acquisition and 
reduction of the data and for all their assistance. B. G. 
Marsden and M. P. Candy provided up-to-the-minute 
ephemerides. The work at Johns Hopkins University is 
supported by NASA grant NSG 5393. 

Note added in proof: Further analysis has disclosed that the 
features at 2,321 and 2,436 Å are incorrectly identified as CO”: 
rather they are a Mulliken band of C, and the second order 
HILyx image, respectively. The absence of CO” bands in the 
UV is thus consistent with the absence of this species in the 
visible spectrum. 
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Tidal effects on the mass 
profile of galactic haloes 
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Most spiral galaxies are believed to be embedded in dark 
massive haloes'’. The main observational evidence for their 
presence is the rotation curves of edge-on disks at large radii 
measured both by optical” and radio (21cm)* techniques: 
rotation velocities remain constant to distances of several tens of 
kiloparsecs, far beyond the main visible bodies of the galaxies. 
This suggests the existence of a dark halo’ whose mass, if 
spherical, varies linearly with distance R from the galactic 
centre and hence has a density profile which falls off as R. 
The extended ‘flat’ shape of the haloes poses a problem for 
most theoretical hypotheses of galaxy formation because 
simulations of collapse’ and of violent mergers’ predict a 
spherical density profile which is rather Hubble-like (px R~*) or 
even steeper. The time scale for two-body relaxation, which can 
lead to a flatter, isothermal, density profile, i is much larger than 
the Hubble time. If, as Gum” and Gott® have suggested, 
secondary cosmological infall produces the px R? haloes, 
special initial conditions are required: (1) the central 
perturbation, which is the progenitor of the galaxy, needs to be 
initially embedded in a bound homogeneous background—an 
assumption which might not be fully justified for relatively 
isolated galaxies; and, (2) the infall must be such that there is 
no dissipation so that most of the mass should already be in the 
form of compact objects before halo formation. We suggest, as 
an alternative mechanism, tidal interactions between haloes, or 
possibly between their smaller building blocks, while in the 
hierarchical gravitational clustering process. In this process 
typical tidal encounters are slow, such that relative orbital 
velocities of the interacting systems are comparable to the 
internal velocities of the stars in each system. The two systems 
are slightly unbound. 

Our suggestion is based on N-body simulations which we 
performed to study the tidal effects of such encounters on the 
mass-profile of spherical systems''. On adopting the common 
view, that the dark material is not gaseous!*~!'* but is rather 
composed of condensed bodies (such as unevolved low-mass 
stars. dead remnants of old stars, and = primordial black 
holes'*), a dissipationless N-body system was assumed to 
a aan pioper Iva galactic seis The numerical experiments 
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Fig. | Rotation curves of two tidally perturbed haloes, Al and 


A2, are compared with the unperturbec one al the same final 
time. The mass and the radius are in frectional unts relative to 
the mass, Mp and the half-mass-radius. Kp. of the remnant bound 
system. The symbols correspond to giver fractions of the bound 
mass, separated by 43°,, and the error bars correspond to 
temporal deviations over three successive crossing-thmes. The 
curves are vertically shifted by a factor of 1/2 relative to each 
other. The parameters for the cases Al aad A2 are the following, 
perturber mass/halomass = 2; relative velocity at closest 
approach = 1.05 the parabolic velocity; cosest approach distance 
= 4.6 Ry 2.8 Rp; fractional mass loss = 0.22, 0.34: final Ry ‘original 
R,=0.8, 0.74. Note that both the fractional and absolute flat 
regions become more ex-ended. 


were based on the N-body code develo ie by Aarseth t17, 
It integrates the equations of motion of N softened particles, 
which interact through a potential 


6,,= -Gmm [irr e pi. (1) 


The softening parameter, £, 1s chosen to suppress the two-body 
relaxation effects that arise due to the small number of 
particles in our experiment. 

In our experiments, a 250-body system was tidally perturbed 
by a point perturber of comparable mass. The encounter 
velocities were slightly above parabolic and the closest 
approach distances, p, were between 2 5 R, and 5R, where Ry 
was ae Mel ess. Tarus, In see Caner, each ‘shell of 
~ R, and up to 
e of the Sana mass may DECU A As Fig. | 
shows, the effect on a system which imitially has a decreasing 
M(R)/R profile (ox R~*) is to steepen the profile in the outer 
parts, and to produce, or extend, an mner region of constant 
M(R)/R, to encompass 50-70", of the bound mass. Hence. 
this mechanism, whose exact relaxaion nature is not yet 
understood theoretically, produces sys.ems which might show 
flat rotation curves over a large fraction of their mass oo not 
a relaxed flat outer envelope, as was discussed previously’®:'%), 
Tandem encounters of the same systena tend to strip the outer 
parts and produce a smaller system, which retains a flat inner 
profile. 

Most of the stripped stars in orr simulations did not 
become bound to the perturber but rather escaped from the 
two-body system altogether. This mdicates that stripped 
material from a realistic, N-body, perturber would not become 
bound to the perturbed system ard., therefore, have no 
substantial | effect on its mass profile. We therefore assume that 
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our results for a point perturber are, for similar p values, also 
qualitatively representative for an N-body perturber. This 
assumption is supported by the consistency of our results for 
the energy-gain and mass-loss with those obtained by other 
simulations of encounters between identical systems!'. The 
substantial amount of stripped material might remain bound 
to a larger group, forming a common background halo which 
might later infall and produce even more extended envelopes 
around the haloes. 

If slow hyperbolic encounters are to be considered 
responsible for MoR_ profiles, one should estimate how 
frequently they occur in a cosmological context. Tidal 
encounters are found to be effective whenever p<5R,, so that 
the geometrical cross-section for such an encounter is much 
larger than that for a merger, which occurs for p<2.5R, (refs 
9, 20, 21). The time scale for mergers in a small group is 
estimated analytically to be of the order of the dynamical time 
scale of the group’*, and N-body simulations show that about 
one-third of the galaxies have undergone mergers, mostly in 
the first generation of their clustering. One may, therefore, 
conclude that the proposed mechanism is quite relevant in 
small groups. 

A weak lower limit on the rate of encounters can be 
estimated for ‘field’ galaxies. A straightforward nov calculation 
shows that the number, N, of effective encounters since the 
epoch of halo formation, Z form iS 


R v 
NOGO a ee 2 
ol form) (5 kpchz,! Ve kms” ) (2) 


where v is the typical peculiar velocity of galaxies. Each 
quantity in equation (2) has uncertainties but N does seem to 
be a number of the order of unity. There might be an 
additional contribution to N from dark haloes which do not 
have visible cores (galaxies)!3. 

The suggested mechanism predicts a correlation between the 
degree of clustering of a galaxy (be it a field galaxy, a member 
of a small group or a member of a large one) and the 
fractional extension of its MocR region. Note also that tidal 
encounters lead to haloes which are both less massive and 
have larger fractional MocR regions, whereas cosmological 
infall should lead to larger MoR regions in more massive 
haloes. 

Tidal interactions might also be helpful in the merger 
picture for halo formation, as suggested by White and Rees??. 
There, each merger is preceded and followed by several tidal 
encounters which might reproduce inner Max R regiqns even 
when the mergers themselves may steepen their profiles’. 

Another important indication from our results is the 
tendency for complete removal of haloes after many 
encounters. This is seen from the fact that, as a result of a 
tidal encounter, each ‘shell’ of stars expands, so that most 
parts of the system become less bound, an easy target for 
further stripping. It is expected, therefore, that galaxies now in 
rich clusters have lost most of their haloes due to successive 
encounters during their clustering process, and that galaxies 
observed to have haloes could not have undergone too many 
tidal encounters. 

We thank Dr Sverre J. Aarseth for his code and help, Drs S. 
Michael Fall and Martin J. Rees for helpful comments. 
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OH maser sources of type I, which are related to regions of star 
formation, have been known for more than a decade. However, 
despite great effort no satisfactory theoretical interpretation has 
yet been given. (For general reviews on cosmic masers see refs 
1-5.) A model for the interpretation of type I OH maser 
sources is suggested here. This model combines the effect of 
velocity and magnetic field gradients with radiative pumping by 
means of the CH, J =5]2 — Tiz J=5/2) transition. Due to 
an overlap of particular hyperfine components, inversion of the 
1,665 MHz line is favoured. 

Type I OH maser sources are characterized by an extreme 
intensity corresponding to a radiation temperature up to 
101° K in one or both of the main lines, the 1.665 MHz-line 
usually being the stronger, and by a high degree of circular 
polarization (up to 90°). 

Schemes involving optical pumping chemical] 
pumping'?:?*, and collisional pumping (refs 12, 15, 16, and C. 
H. Townes and W. D. Gwinn, unpublished data) have been 
used to explain the intensities. Although all these mechanisms 
may produce population inversions, difficulties arise when a 
more quantitative interpretation of the observations is at- 
tempted. For example, consider a radiative pumping scheme: on 
one hand it is not easy (though possible) to have enough pump 
photons to explain the observed high luminosities in the radio 
lines, on the other hand it is difficult to have an efficient pump 
mechanism and a large absolute value of the optical thickness 
in the maser line at the same time, because the absolute value 
of the optical thickness of the pump line along the same line of 
sight is in general larger than that of the maser line*. Note 
also that the upper and the lower levels of either of the main 
lines are distinguished only by their parity, while all other 
quantum numbers are identical. Thus to every spectral line 
connecting to the lower level there is a corresponding line 
connecting to the upper level. Inversion can, therefore, come 
about only by difference effects and not by selection rules. 

To explain the high degree of polarization a model has been 
proposed which invokes gradients of the velocity and the 
magnetic field!™ 18, If the velocity and the magnetic field 
change along the line of sight, it can be hypothesized that in a 
certain region for a particular direction of propagation, the 
derivatives of the frequency shifts of the maser line due to the 
Doppler and the Zeeman effect just cancel each other out. 
This leads to a larger absolute value of the optical depth than 
one would have without Zeeman splitting. 

If x is the absorption coefficient 
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we estimate the optical thickness in the line by 
T=K,Al (2) 


where Al is the path length along the line of sight over which 
the frequency shift changes by an amount corresponding to 
the thermal width Avy, of the line. Using a Taylor expansion 
for the radial velocity (v,) and the magnetic field (A); we 
obtain for the frequency shift along the line of sight: 


vado, dH Ifyo d*o, 
ts o By) Ee BEA 
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(y=3.31MHz Oc”! for the 1,665MHz-line and 1.99 MHz 

Oe~! for the 1,667 MHz-line.) 


For those lines for which the Zeeman effect ıs not important 
we can estimate Al from the linear term in equation (3): 





(4) 











If, however, 
dH 
sad tau” (5) 


the linear term in equation (3) cancels and we have to 
determine Aj from the second-order term. 
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AL, = (6) 


As y has a different sign for the different Zeeman components, 
this increase in the optical depth occurs only in one of the 
Zeeman components while in the other there is a decrease. 
Thus, if this mechanism were operating, one would expect 
the maser radiation to consist mainly of only one-—of the 
Zeeman components. Observations show that in most cases 


the nght hand and the left hand circularly polarized radiation 


come from different volume elements. 

We suggest that type I OH masers may be due to a 
combination of the above effect with a particular acheme of 
optical pumping. For this we note that the relative Zeeman 
splitting (AA/A) is much larger for the radio lines than for the 
IR lines. Thus, if condition (3) is satisfied for the maser line, 
the same cannot be true for the IR lines. Therefore we .can 
apparently construct a model in which the absolute’ value -of 
the optical depth in the maser lme is large while that in a 
potential pump line stays at moderate values (1 ~ 1). 

To achieve the pumping we consider the effect of overlap of 
IR-lines; such pumping schemes have been suggested 
elsewhere’?:?°, Note that any IR-pumping scheme which is to 
invert the main lines has to use transitions with AJ =Q. 
Among these, the transitions connecting the states with J = 5/2 
have the largest overlap and seem therefore to be the most 
important. According to the uencies given by Destombes 
et al.7*, m the CHa, J=5/2)+ CIL j2 J=5/2) multiplet there 
is an almost complete overlap between two main lines, the (F 
=3”-+F=3*) and the (F=2~-+F=2*) transitions. The 
frequency difference is 0.5 MHz, corresponding to Av/v-~8 
x 107°, which is considerably less than the line width for any 
reasonable temperature. In contrast, the frequency difference 
between the (F=3t-+F=3") and -the (Fo2*-+F x27) 
transitions is 57.5. MHz corresponding to Av/v=0.9x 1075, 
which is much wider than typical line widths in OH-maser 
sources (see Fig. 1). Thus the optical depth in the first pair of 
lines is about twice that for the latter. If we now consider the 
radiation from an [R-source outside the OH-cloud, at a point 
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Fig. 1 Energy level diagram of the OH molecule (not to scale) 
and spectrum of the 49 um multiplet. 
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within the cloud at. which the optical thickness in the non- 
overlapping IR-lines ıs about unity, the intensity in the 
overlapping lines is- about one-third of that m the nom- 
overlapping ones. Thus the rate of absorption from the lower 
half of the ?IIs,, J=5/2) A-doublet is ~6 times larger than 
that from the upper half. (A factor or two comes from the fact 
that the non-overlapping lines cover a wider frequency range.) 
This effect produces a population inversion in the CM, J 
=: 5/2)}-state as well as in the (7J],,., J=5/2}state. Both are 
transferred to the ground state by the other [R-transitions. 

The total number of absorbed pump photons is 
proportional to L,  »‘Avp. The maser region 1s determined by 
Al, (equation (6)). As the Zeeman effect is not important tor 
the [R-lines, Av, is much wider than the thermal line width 
and we can approximate 


Av =B Alay ——. (7) 


Lym may be estimated either from models for IR-sources or 
from measurements. For W3(OH) L, mœ was determined?? to 
be of the order of 4x 10% ergs”! Hz~! at 149 um. 

We now make some quantitative estimates using an 
oversimplified model. As type I OH-masers occur in regions of 
star formation, it seems reasonable to consider a collapsing 
cloud with a central [R-source. If we assume that the kinetic 
energy density is larger than the magnetic energy density 
everywhere, the hydrodynamics of the collapse is essentially 
not altered by the magnetic field and we may assume radial 
symmetry (the magnetic field lines will also be essontially 

radial). 


For free infall, wo have 
o(r)= Da (ro/r) 7 (8) 
n(r)—no(ro/ry? (9) 
H(r)=Ho(ro/r)’. (10) 

In this model condition (3) is satisfied if 
rl? 3p) —r?)ma(r?— py? (11) 


where p is the impact parameter of the line of sight and 





=O (12) 
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For simplicity we consider the central ray (p=0) only. Along 
this the maser region is around r,, which is determined from 
equation (11) to be 


hm = (=a). (13) 
With p=0 we find 





Al, : varg" 1/2 r 
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This ratio, which is independent of ro, gives the increase of the 
optical depth of the maser line over the value without Zeeman 
effect. It also corresponds to the ratio Av, to the thermal 
width of the pump line. If we assume vp =Skms~!, H,=1073 
Oe and T,,,=50K, which seem to be reasonable parameters, 
we have «=0.48 r?’? and Al, /Al, ~4.4. 
We estimate the number of available pump photons on one 
side by : 
` Woa = 4ar? nB, (T,)Av, (15) 


p 


where r, and T, are the radius and the temperature of the 
central IR-source. With r,~10'%cm and T, =~300K we obtain 
W,, =~ 10** photons s~! which seems to be about of the right 
order of magnitude. If, on the other side we estimate W,, from 
the IR-luminosity measured?? for W3(OH), we obtain about 
two orders of magnitude more photons. For these photons to 
be absorbed, the optical depth in the pump lines has to be 
about unity, that is we have to have Al,x~1. With the above 
assumed parameters this leads to the requirement that no,‘ ro 
~10'’cm~*. With r,~10'®cm this requires an OH density of 


about 10cm~° or with noy/ny,~ 107° a hydrogen density of 


~ 10° cm™~*, which seem to be reasonable. 

These estimates show that the proposed scheme may indeed 
explain the observed properties of type I OH-sources. In 
particular it explains: (1) the large differences in the relative 
intensities for the different subsources, these are because the 
intensity depends on the gradients of the radial velocity and 
the magnetic field along the line of sight, which vary much 
more than other physical parameters; (2) the high degree of 
polarization; (3) why in general the 1,665 MHz-line is more 
intense than the 1,667 MHz-line. This is expected if in the 
maser region the number of 49 um-photons absorbed in the (F 
=2*-+F =2" ) transition is larger than that absorbed in the (F 
= 3*-»F =37) transition. This is based on the lowest order 
consideration in which the satellite transitions (AF AJ) in the 
IR-lines are neglected. In this approximation the pump routes 
for the 1,665 MHz and the 1,667 MHz-line are decoupled and 
may be considered independently of each other. The number 
of photons absorbed in a line per cm? per s is xłAv with I 
=€". If we further assume that the ratio of the occupation 
numbers of the different hyperfine components of the (71;,., J 
= §/2)-state corresponds to that of their statistical weights 
(7/5), the ratio of the absorption coefficients of the pump lines 
is also given by that number. It then follows, that the number 
of photons absorbed in the (F =2*-—~F =2°7 ) transition of the 
49 um-line is larger than that of the (F=3*->F=37) 
transition if the optical thickness t of the latter is larger than 
0.31. In more detailed investigations, however, one has to 
consider the complete multi-level system containing all levels 
and transitions possibly involved in the pumping scheme. 

From the conservation of angular momentum, the IR-lines 
which provide the pumping would also be expected to be 
circularly polarized. 

This work was performed while D.A.V. was a guest at the 
Institut fir Theoretische Astrophysik, Heidelberg. His visit was 
supported by the Deutsche Forschungsgemeinschaft. This 
research is part of the Sonderforschungsbereich 132, which is 
also sponsored by the Deutsche Forschungsgemeinschaft. 
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lodine-129, with a half life of 15.7 Myr (ref. 1), is one of the 
longest lived of the cosmogenic radionuclides. Although the 
primordial supply of I is now extinct, ‘I is continuously being 
produced in the atmosphere primarily by cosmic ray reactions 
on xenon’, in the Earth primarily by spontaneous fission of U 
(ref. 3), and in meteorites and the Moon primarily by proton and 
neutron induced reactions on Te and Ba (ref. 4). The relatively 
large quantity of '”I introduced into the environment from the 
nuclear age may be useful as a tracer in groundwater 
hydrology“. Fissiogenic ‘I in large granite formations 
(batholiths) could be used to establish the suitability of these 
sites for long term nuclear waste storage, because groundwater 
movement would carry away the more soluble iodides and 
disturb the equilibrium '"I/7*U ratio. The concentration of "I 
in meteorites can be combined with results for shorter-lived 
radionuclides to provide information on the constancy of the 
galactic cosmic ray flux over longer time scales than previously 
possible and also on the preterrestrial history of meteorites. We 
have applied the new atom counting technique to I analysis 
with a sensitivity (the minimum number of atoms in the sample 
required to obtain a quantitative result) of Jess than 10° atoms 
of I in a 1-mg sample. An Agi standard with a known "I/01 
ratio of 10~'' was determined to +10°, and the background 
contribution from a reagent grade Agi sample gave an upper 
limit to the ratio of about 3x 107". We used a time-of-flight 
measurement to distinguish I from the stable I ions that 
were not separated by the mass analysis system. Our results for 
the meteorites Bruderheim and Dhajala represent the first direct 
(that is, not inferred® from radiogenic Xe) determination of "1 
in meteorites. A Xe molecular negative ion was discovered but 
we show that it is not a problem for "I analysis. 


ro anaana aana AIAN IRR NIRA Rn ree eatnptpat ath 
S tert ett $f RR RAR LR TRUE pE aa 


4° 1980 Maerilian Journals Lid 


Nature Vol. 286 10 July 1980 


ne Nore Aa i nhan merae CCAR AR ERR ICON RAR ON a iramana PAL Nh ph CANAL h aa tt 


Because of its long half life, '?791 measurement by counting 
its f decay is not very sensitive and is useful only for samples 
with high activity’. Although our mass spectrometry 
measurements of '7°I are the first to use an accelerator, McHugh 
and Sheffield® used a three stage mass spectrometer with a 
negative ion sputter source to detect carrier free '*°I with a 
sensitivity near 10° atoms for samples with a '?°1/'?’I ratio of 
about 10°’. Their measurements were limited by interference 
from the +771 tail and from molecular ions near mass 129 such 
as °’MoO; which could not be differentiated from YPI. 

The neutron activation technique has been quite successful, 
with numerous reports’? of 12°] measurements in natural 
samples with sensitivities typically in the range 10'°-10!? 
atoms. The neutron activation technique involves counting 12- 
h +30] produced from the '?9I(n,y) ‘13°F reaction in a high flux 
reactor. A careful chemical pre-separation is used to reduce 
interference from reactions such as '39Cs(n,a)/?°I and induced 
fission on uranium. Interference from 13-day '*°I produced by 
'2"l(n,2n) often limits the sensitivity?’*, and for this reason 
Rook et alt? followed neutron activation with isotope 
separation of mass 130 and then used f-y coincidence 
counting of '3°I. The sensitivity was improved somewhat for 
samples with high 177I content but this procedure still does 
not discriminate against ‘°° produced from trace impurities 
and from the '77I(3n,7) ‘°° multistep reaction*. By contrast, 
our method offers simplified sample preparation, a single 
analysis step taking <1h, no interference from impurities, 
background only from the 127] tail, and a potential 
improvement in sensitivity by several orders of magnitude. 
allow ‘791 measurements in considerably smaller 
nd will not require the use of natural iodine 
concentrators ‘such as animal thyroids, seaweed, and brine. 

“The apparatus used in the present work is the same as that 
used for *°Cl (ref. 11) and 7°AI (ref. 12) except that the final 
ionization detector was replaced with a 2.2-m time-of-flight 
(TOF) detector. The ‘7° can be identified on the basis of 
mass alone as the only stable isobar of 17°F is '*°Xe, a noble 
gas that is not expected’? to form negative ions (but see 
below). However, interference is expected from the stable 1771, 
two mass units away. The I~ beam (1—5uA) produced from 
Nal or Agl samples in the Cs sputter source was accelerated 
to the 3MV tandem terminal, stripped of several electrons, 
then accelerated again to ground potential. Charge state +5 
ions with an energy of 30MeV were selected by the 90° 
analysing magnet and 10° electrostatic deflector. These 
analysers eliminated all molecules and gave a combined 
resolution in M/q of ~0.5°% FWHM. Although the '79I is 
thus separated by 3FWHM from the 127], a combination of 
charge exchange and scattering in the acceleration tubes and 
analysers allowed up to 200 counts per s (c.p.s.) of +771 to pass 
into the detector. As the interfering '*715* ions passed two 
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Table 1 Measured ‘79°F concentrations 





Agl Counting Total 


weight time +23) soa a 129 atoms | 
Sample {mg} {min} (counts) (10°? gperg} in sample 
NSRL-20003, 
enriched Agf ~10 89 3052 9.0+0.6t 4.3.x 10° 
NSRL-20304, 
reagent blank Agh =~ 10 10 39 <§.3 <1.4x 107 
NSRL-21601, 
chemistry standard* Į 27 203 8+2t 4,7 x 10 
NSRL-21701, 
Bruderheim* l 48 160 6+2t 2.8 x 10’ 
NSRL-21801, 
Dhajala* 33 88 742 3.3 x 10" 


“The two meteorite samples were obtained from 6.74g and 222g of 
Bruderheim and Dhajala. For these and the chemistry blank ~I mg of iodine 
carrier and Smg of AgCl were added. 

tThe two enriched samples (ICN Cat. no. 67325) had an expected 429] /127] 
ratio of {9.8 +0.5}x 10777. 

tThe meteorite results for the HIET ratio were normalized to the chemistry 
standard. 
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Time of flight 
Fig. 1 Time-of-flight spectra for runs on: a, an Agl sample 
enriched to '?°I/'?71=107!'; b, AgI made from reagent grade 
Nal. These events have been gated with a window on the total 
energy signal. The peaks are separated by $.2ns and the overall 
time resolution is 1.2ns FWHM. 


magnetic analysers, most of them had the same magnetic 
rigidity (ME/q*) as the '7°J>* ions at the detector and 
therefore differed by 1.5% in energy (E) and in velocity 
(oc(E/M)*). Heavy-ion detectors are not available with an 
energy resolution adequate to resolve ions at this mass and 
energy, sO we measured the velocity with TOF. The start 
signal was obtained'*:'* from the electrons produced by the 
iodine ions passing through a 5g cm~? carbon foil; the stop 
signal was obtained from a 100-mm? area Si surface barrier 
detector. The Si detector also gave an energy signal adequate 
to resolve ions in lower charge states having nearly the same 
E/q and velocity. 

TOF spectra for runs on the standard and blank (Fig. 1) 
show that the '?’I peak is adequately resolved for samples 
having an '791/!?"1 ratio down to about 10°'*. We de- 
termined that the apparent levelling off of the '*7T tail at the 
1291 location in the TOF spectrum for the blank was not due 
to '?°f or '*9°Xe in the sample by meving the analysers off the 
mass 129 peak and noting that the intensity of the tail 
remained a factor of ~10° below the ‘771 peak. The '?71 
rejection factor for each of the analysis stages was appro- 
ximately as follows: inflection magnet, 3; 90° magnet, 105: 
electrostatic analyser, 10*; TOF, 10°, 

Although Xe” is probably unstable, XeF~ has been accele- 
rated in tandems (H. E. Wegner and P. Thieberger, personal 
communication) and xenon may form other stable or metast- 
able molecular negative ions. As Xe is a likely contaminant in 
the samples and in the residual gas of the ion source, we felt 
that it y was ee to determine whether Hee is any aXe 


nanaig namana Gee penis Dann Ane ie LA Ae N SURAT a a 


140 


inti abana rinayah Ws hitter AG AA RANE Aiba al TRA HE AMMAN tHe maaa rt tet 





of two to 5x107° torr. The mass 129 counting rate then 
increased from 1c.p.m. (which corresponded to a background 
level of 1791/1277] =6 x 107'3) to Se.p.m. Further optimization 
with a source geometry more appropriate for a gas sample 
led to a maximum counting rate of 3,500c.p.m., and this 
dropped by more than a factor of 100 soon after the gas was 
turned off. A mass scan with the inflection magnet (which 
directly follows the ion source) revealed that the Xe was being 
injected into the tandem as a molecular negative ion with M/q 
= —{31 (such as '*??XeH>) although the '?°Xe~ ion could 
not be completely ruled out because of the limited resolution 
of the inflection magnet. (The resolution of the post- 
acceleration analysis and TOF were adequate to positively 
identify mass 129, charge state 5 ions. This, together with the 
high counting rate that was correlated with Xe pressure, is 
strong evidence that we were counting only '?°Xe**). The 
counting rate was low compared to what might be expected 
from the ~ 10'° Xe atoms being exposed to Cs in the sputter 
source. This can be explained if the probability of forming the 
(molecular) negative ion is low, if the cross-section for de- 
struction in electric and magnetic fields is high, or if the ion is 
metastable with a life time short compared with the 15 ys trip 
to the terminal of the tandem. We estimate that if the residual 
gas in the source contains Xe in atmospheric concentrations 
(i.lp.p.m.) and the Xe content of the samples is low 
(<ip.p.m.) then the '*°Xe will not contribute to the '?°I 
background until a sensitivity for '*°I of one part in 10'® is 
reached. 

The '*°1/!?"I ratios (Table 1) were obtained. by cycling the 
magnets between the two isotopes: the '*?I was counted for 3— 
Smin, then the '?’I°* current was measured in a Faraday cup 
following the 90° analyser. The transmission efficiency of the 
TOF detector (~30%,) was continuously monitored with the 
1271 ions. The lo errors are estimated from the scatter in the 
individual cycles and reflect both statistics and random fluc- 
tuations in the ion source output and accelerator transmission. 
Systematic errors such as those due to mass fractionation and 
current calibration contributes an additional uncertainty of 
~ 20% to results for the standards, but most of these effects 
cancel out for the meteorite results because they are reported 
as ratios to the standard. 

Preparation of the meteorite samples and an interpretation 
of their ‘7° content will be subjects of another paper. The 
results given in Table 1 demonstrate that 10-202 of meteorite 
are adequate for detailed +°°I analysis. The upper limit for the 
1291/127] ratio of 0.3 x 107 '? for the reagent blank implies that 
the background level for a 1 mg AgI sample corresponds to 
less than 2 x 10° atoms of !?°1. 

We are presently modifying the apparatus to reduce the 
127] tail and increase the sensitivity. A new inflection 
magnet with a resolution M/AM of better than 150 will 
reduce the number of '77I~ ions that are injected into the 
accelerator by 2 or 3 orders of magnitude and will also reduce 
the contribution from a Xe molecular negative ion. This 
magnet, together with improved vacuum in the electrostatic 
analyser, should reduce the '*’I interference so that it no 
longer limits the sensitivity. At the same time the sensitivity 
will be further improved by increasing the '?7I~ beam current 
to cover 10uA with a new ion source and by obtaining better 
transmission in the TOF detector. We anticipate being able to 
measure '?°]/'?"] ratios in l-mg iodide samples below 107??, 
a level that has already been reached with 6C] detection’®. 

We thank T. S. Lund and the rest of the NSRL staff for 
technical assistance. This work was supported by the NSF 
Grant 77-29843 and in part by the NSERC of Canada. R. P. 
B. is a Killam fellow. 
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Channel CO, in cordierites 


Th. Armbruster & F. D. Bloss 


Department of Geological Sciences, Virginia Polytechnic Institute and 
State University, Blacksburg, Virginia 24061 





The formulae commonly cited for cordierite usually ignore the 
occupants of the structural channels that run parallel to the c- 
axis. Recently, however, it has been shown' that two of the 
more common channel occupants, Na* and molecular H,O, 
significantly modify cordierite’s refractive indices (a, f,y), optic 
angle (2V,), unit cell dimensions, and the distortion index (A) 
defined by Miyashiro’. Indeed, for 11 natural cordierites, 
excluding indialites, A correlates almost entirely with channel 
Na* and/or H,O and with R,, the average radius of the ions 
occupying the octahedral sites, but not (as long believed) with 
Al/Si ordering. After heating at 800°C for 6h, A increased for 
the four crystals remeasured, and 2V, increased for the nine 
optically (—) crystals but decreased to below 90° for the two 
optically (+) crystals. Selkregg and Bloss' attributed these 
effects to loss of channel H,O and/or Na* but did not explain 
why the two (+) crystals became (—) after heating. We report 
here that loss of molecular CO,, a frequently reported channel 
occupant**, was the reason. We observe that for Mg-cordierite, 
2V,is ~87° if its channels are vacant, decreases to 45° or less 
as channel H,O increases and increases to 114° with increasing 
channel CO, (but no H,O). Channel CO, is apparently the 
long-sought-for cause of optically (+) cordierites. 

The previously unexplained occurrences of (+) and (—) 
cordierites on opposite sides of a fault® probably represent 
control of CO, distribution by the fault. The seemingly 
capricious variation of 2V,, for cordierites with comparable 
Mg/Fe ratios, probably results from channel occupancy by 
varying proportions of H,O and CO, and, perhaps, other 
channel occupants. In view of the importance of the channel 
occupants, the formula for cordierite should perhaps be 


Na, .2,(Mg, Fe, Mn)s_ (Al, . ,Be,Si,}"O,¢ -n[H,O0,CO,] 


where y allows for vacancies in the octahedral sites!:’ which, 
like substitution of Be?* for Al*?*, seem to correlate with 
channel Na*. The formula does not accommodate the 
tetrahedral vacancies reported by Wallace and Wenk’, or 
additional channel occupants, but these might be relatively 
minor in amount and effect. 

Cordierite occurs in a wide variety of metamorphic and 
igneous rocks and, by its presence or absence, conveys 
information regarding their conditions of formation. In the 
ceramic industry, its easy synthesis and high resistance to 
thermal shock favour its use in spark plugs, catalytic supports 
to treat automobile exhaust and, in the future, for fabrication 
of turbine engines. Consequently, solution of the long-standing 
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mystery of why some cordierites are optically (+) but most 
are (—} seemed important because the factors involved, 
whether chemical or structural, might influence the stability 
and conditions of formation of cordierite. 

Spindle stage studies® of 20 natural cordierites disclosed five 
to be optically (+) with 2V.>90°. Microprobe analyses 
revealed no significant compositional differences that 
correlated with optic sign. However, IR spectra between 
200cm~! and 4,000cm~' exhibited not only H,O bands, but 
also CO, absorption bands near 2,350cm™'. These were 
intense for the (+) cordierites but weaker for the (—) 
cordierites. Refractive indices measured to 0.0005 by the 
double variation method disclosed that the (+) cordierites 
possessed higher refractive indices and birefringence (y-a) 
compared with optically (—) crystals with the same iron 
content. When heated to 800-1,200°C to expel the more 
volatile channel occupants, 2V, increased for the (—) crystals 
but decreased for the (+) crystals. 
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Fig. 1 Plot of the average index A [A={x+f+yy3] versus 2V, 


(averaged for wavelengths 400, 666 and 900nm) for White Well 
cordierite after tempering at 1,300°C for 30 h (point O), for this 
same material after CO, was forced into it at increasing CO, 
pressures (plus signs on line OC), and after H,O was forced into it 
(@ on line HO). The weight percentages of H,O were estimated 
using the equations of Medenbach er ai.?. Weight percentages of 
CQO, are yet to be determined but the increase in A clearly shows 
that increasing quantities of CO, are being forced into the channels 
as CO, pressure increases. 


The influence of channel CO, and H,O on the optical 
properties of Mg-cordierite was more directly investigated 
using a (-) cordierite from White Well, Australia (a 
=17.065A, b=9.724A, ¢=9.346A; optic orientation, a=Z, b 
= ¥, c=X). This specimen’s optical properties were measured 
before and after tempering for 30h at 1,300°C in air to expel 
channel! CO, and H,O. Crystals thus tempered were also 
examined after being annealed for 30 days at 600°C and at 
various pressures of H,O and of CO, (from decomposition of 
Ag,C,0O,). The results (Fig. 1) clearly reveal the opposite effects 
on 2V, of CO, and H,O; however, both increase the average 
index #A[n=(2+f+7)/3]. Surprisingly, IR spectra of the 
tempered material taken before its rehydration or 
recarbenation revealed $i-OH groups and/or H,O that either 
survived the 1,300°C heating or re-entered after heating. 
Microprobe analyses showed that about half of the channel 
Na had also survived this heating. 

Table |! reveals that the birefringence (y-x) increases 
significantly with CO, and that the distortion index A 
decreases significantly with channel H,O and CO,. Thus 
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decarbonation of a CO,-rich cordierite by beating will cause A 
to increase whereas 2V, and (y-a) wil decrease. This inverse 
correlation between 2V, and A as channel CO, increases thus 
opposes the statement of Miyashiro” that, in general, the 
larger A, the larger 2V, will be. 














Table 1 Optical properties, cell edges* anc distortion index A for the 
White Well cordiertet 
Carbonated Hydrated 
Natural Tempered at 4 kbar at 4 kbar 
x 1.5345 1.5235 1.5326 1.5356 
c (A) 9,346 9.340 9.348 9.346 
B 1.5392 1.5254 1.5381 1.5446 
b(A) 9.724 9.722 9.723 9.725 
y 1.5423 3r 1.5456 1.5450 
a(A) 17.065 17.076 17.059 17.060 
(y-a) 0.0078 0.0040 0.0130 0,0064 
A 0.243° 0.260" O.241° 0.237" 
2V.% 76.4° 87.0° 05° 50.0" 
*From back reflection Weissenberg photographs. 
tOptic orientation, c= X, b= Y a= Z. 
tAverage of measurements at 400, 666, and 900 nm, 
IR spectra for single cordierite crystals? were later 


interpreted as showing that 80% of the channel CO, 
molecules were aligned perpendicular to c (=X) with the 
other 20°%, possibly aligned parallel to c. The increases in 
refractive indices produced by carbonation of the tempered 
White Well cordierite—Ax=0.0091, Af =0.0127, Ay=O.0181; 
average increase 0.0133-—suggest a dominant alignment of 
CO, parallel to the a-axis (=Z) because Ay significantly 
exceeds the average index increase of 0.0133. Alignment of 
CO, molecules parallel to the c-axis is not supported by this 
present evidence because Ax (=0.00G1)} is significantly below 
the average increase of 0.0133. 

The marked increase in refractive indices with channel CO, 
for cordierite suggests that H,O conients, if calculated using 
the measured refractive indices and Fe contents for 
cordierite'®, will be too high when significant CO, is also 
present. Work in progress indicates that the amounts and 
relative proportions of channel H,O and CO, will be readily 
determinable for single crystals of cordierite if spindie-stage 
measurements of 2V, and refractive indices are followed by 
microprobe analyses for Na, Fe, Mg, and Mn. We know of no 
other technique, so relatively simple and routine, that can 
determine the same data for a single grain. Knowledge of the 
relative proportions and amounts of the valatile species 
trapped in the channels of cordierite has potential use as an 
indicator of metamorphic and magmatic fluids. 

We thank Professors G. V. Gibbs, D. A. Hewitt, P. H. 
Ribbe, and D. R. Wones for criticism of the manuscript and 
other aid. We also thank Professor Lucian Zelazny for use of 
the IR equipment in his laboratory. H. R. Wenk loaned us a 
preprint of the Wallace and Wenk paper. 
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A fault plane solution for the 
Carlisle earthquake, 26 December 1979 


Geoffrey King 


Department of Geodesy and Geophysics, Madingley Rise, Madingley 
Road, Cambridge CB3 OEZ, UK 


Deformation at plate boundaries is well determined from the 
fault parameters of large earthquakes but within plates 
relatively little is known. Although other methods of measuring 
in situ stress are available only intra-plate earthquakes provide 
information about stresses at depths of several kilometres’. 
Accurate location and the determination of fault parameters for 
intra-plate earthquakes is difficult because such earthquakes are 
rare and generally too small to be widely recorded. This 
problem has been overcome in parts of the eastern USA by 
installing permanent dense seismometer networks, and brief 
aftershock studies of the type described here. Our aftershock 
study has provided an accurate location of a significant UK 
earthquake, and a reliable measure of compression direction in 
a region of Europe distant from the influence of Alpine motion. 

On the 26 December 1979 at 03h 57min an earthquake 
occurred north of Carlisle. The same day the Institute of 
Geological Sciences (IGS) in Edinburgh reported the shock to 


be m,=5.0 and probably located close to Longtown. Their 
assessment of epicentral position was based on the occurrence, 


earlier in 1979, of three smaller shocks (now taken to be 
foreshocks) which occurred in the area. The region has some 
history of activity with an earthquake occurring in 1786 which 
was. felt at distances of 300km (similar to the recent 
earthquake) and a sequence of four earthquakes in 1901 (ref. 
2). 

Damage from the earthquake was slight but created wide 
publicity and interest. A preliminary survey of intensity was 
determined by telephoning local police stations in the area and 
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The area of the survey showing station locations. The 
shaded area is enlarged in Fig. 2. 


Fig. I 


anamannan a ununa ane meh 


RORA BOIRO 42-0250100 


sal ae att ba eel tei IEE AA PAESI EAEAN N APAA AE NAE AAAA AAN PAAA DA PAARA A A e A AAA AAAA A AA N AAA E DAE AEEA E aa a a a A A AA E A A A 





om rate anatannontientnil 
~ mannet ine cummin tobe ep eas sm anaana em belle 
wr tn nA Ant an =r a nein A atta imi 
minata yiwvawevavaneni dorina Aaaa nananana AAA 


Nature Vol. 286 10 July 1980 
confirmed the IGS view that an epicentre near ON was 
probable. On the basis of the foregoing evidence, an aftershock 
study using Sprengnether MEQ800 smoked drum recorders 
was initiated. Eight instruments were taken by car to Carlisle, 
arriving in heavy rain and floods, and one instrument was 
installed at 1800 GMT on the same day as the earthquake. A 
small earthquake at 05.39 on 27 December confirmed, with a 
Lis S-P time, that the aftershock sequence was likely to be 
close to Longtown. An array of instruments indicated in Fig. | 
was deployed. A maximum of seven stations were operated 
simultaneously. Station | was moved because of site noise. 
Other changes in instrument disposition were carried out in 
response to preliminary locations with a view to optimizing 
location accuracy and fault plane solution resolution. 


Fault dip: 
bpas 3505 
559 N 





Fig. 2 Epicentral locations. @. Shocks located with an error 
less than Ikm: ©, shocks located with an error less than 2km. 
The 5-mm contour of predicted uplift is shown for both possible 
fault planes. The route of a first-order levelling line is also shown. 
The velocity model used for the locations and the fault plane 
solution was marginally the best of a set used to test the stability 
of the locations. [t had a 3.3km s`} layer I-km thick, a 50km 
s~} layer 4-km thick, a 5.7km s`? layer 15-km thick and the 
Moho velocity was taken to be &Okm s`. Because of the 
obvious lateral variation of the geology of the region on a scale 
comparable with the size of the seismograph array and the model 
insensitivity of the location procedure. the model adopted has no 
definite geological significance. 


Selecting good sites proved impossible with many 
seismometers placed in the muddy middles of rain flooded 
fields. This reduced noise from rural roads and noise from the 
many trees and bushes. However, despite these difficulties, 
good low notse records were obtained. During the evening of 
27 December temperatures dropped well below freezing and 
the ground remained frozen until after the stations were 
removed. The improvement of coupling Was substantial and 
some seismometers were chipped out of the ice with difficulty. 
There was no wind during the recording period and cultural 
noise was generally low, only increasing on the 2 January 
1980: 1 January. 1980 was particularly quiet. Low noise 
at this time was particularly fortunate as a major burst of 
seismic activity started in the early hours of the New Year 
with the major aftershock (m, =å3) of the sequence occurring at 
05.06 GMT. 

Twenty-seven earthquakes were recorded on four or more 
stations. Of these 22 provided satisfactory hypocentral 
locations (with errors less than 2km) and nine were located to 
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Fig. 3 a, Composite fault plane solution for the earthquakes shown in Fig. 2. Large circles, well located earthquakes, small circles, 

moderately located earthquakes: solid circles, compressions; open circles, dilatations. The very large circles are distant stations, and are ali 

compressional. These latter data constrain the solution to be thrusting shown by solid lines and not strike-slip shown by dotted lines (the 

aftershock distribution also supports this conclusion). The nodal planes strike at 99° or 95° with dips of 35°S or £5°N respectively. b, The 
fault plane solution using only data for the aftershock at 05.06 GmT on | January 1980. 


within Ikm. Location was carried out using the HYPO71 
location program? using a rough estimate of velocity structure, 
No reliable information is available to constrain the shallow 
velocity structure apart from a general knowledge of the 
geology and travel time residuals in the location process. 
However, even velocity structures that caused systematic 
station residuals to appear did not change most locations by 
more than 1 km. 

Many first motions were clearly readable. These are shown 
as a composite fault plane solution in Fig. 3a. The data from 
the portable stations alone do not exclude the possibility of a 
strike-slip solution. However, first motion data from more 
distant permanent stations for the main shock and some 
aftershocks exclude the strike-slip possibility. 

The consistency of the fault plane solution also indicates 
that the chosen velocity structure was satisfactory and that the 
hypocentral depths which range between 3 and 12km (mostly 
clustered near 7km) are reasonable. However, an examination 
of the depth distribution of aftershocks does not provide any 
guide to which of the nodal planes in the fault plane solution 
is the orientation of the fault plane. The scatter suggests that 
more than one fault plane was involved in the aftershock 
sequence, 

Using the relations described by Kanamori and Anderson* 
the magnitude of the earthquake can be converted to an 
approximate moment of 8x 1072 dyn cm. Using a rigidity 
modulus of 3x10"! dyn cm“? and assuming a typical 
displacement to fault diameter ratio of 1074 (a stress drop of 
30 bar) the earthquake source could have been an average of 
30cm of slip on a plane 3.5km in diameter. The aftershock 
distribution which has dimensions not much greater than 
3.5km independently supports this rough estimate. 

i Using a dislocation model? the surface displacements for the 
`> earthquake can be calculated from the foregoing results. An 
> uplift of 2cm is expected approximately above the epicentre 


and the area over which displacement greater than 0.5cm is 
predicted is shown in Fig. 3. A first-order levelling line crosses 
the region® and displacements on this line should be 
observable. 

No direct guide to the nature of the source is provided from 
the geology of the area. In the region of the aftershocks the 
surface is covered by alluvium generally not more than a few 
tens of metres thick. Beneath this is some 600m of Triassic 
sandstone with shales (perhaps with conglomerates at the 
base) and this in turn overlies 800-1.600m of Carboniferous 
limestones interbedded with sandstones. The Carboniferous 
rests unconformably on Upper Silurian sediments (greywakes} 
folded and probably tilted near to vertical. This sequence is 
thought to extend to a depth of around 12km. 

All hypocentral locations lie within the Upper Silurian 
which is extensively faulted where it is exposed. Recent work 
has drawn attention to a major suture in these formations (the 
lapetus suture) thought to pass through the region of the 
earthquake’:*. It is possible that the Carlisle earthquake is a 
reactivation of planes of weakness broadly associated with this 
suture, 

I thank Graham Nielson and Chris Browitt of the IGS 
Edinburgh for advice and information, and Jerry Leggett for 
describing the geology of the region. The NERC are thanked 
for providing equipment and rapidly funding the venture. 
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Bathymetric profiles of most oceanic trench regions show a well- 
defined outer rise seawards of the trench with numerous normal 
faults between the trench axis and the crest of the outer rise. 
Several investigators (see ref. 1 for review) have shown that the 
gross bathymetric features can be modelled quite well if they 
result from a simple mechanical bending of the subducting 
lithospheric plate. These results have encouraged searches for 
seismic evidence of the bending stresses predicted by the models. 
However, the available teleseismic studies’ do not determine 
precisely the relative depths of events on the outer rise, or the 
precise locations of events relative to the trench. In 1979 we 
successfully deployed nine ocean-bottom seismometers’ (OBS) 
which operated for 6 weeks on the outer trench slope in the 
Central Aleutians between the trench axis and the crest of the 
outer rise (Fig. 1). The locations, depths and focal mechanisms 
of the earthquakes located by this network all strongly support 
the bending hypothesis. In particular, we observed a band of 
seismicity on the outer trench slope extending ~60km seaward 
of the trench axis (Fig. 1). The shallow events (Fig. 2) exhibit 
normal faulting (Fig. 3) and suggest tension in the upper part of 
the plate, while the deeper events (Fig. 2) exhibit thrusting 
mechanisms and suggest compression (Fig. 3). We suggest here 
that low magnitude seismic activity may be a common feature 
associated with the well-known normal faulting on the outer 
trench slope. 

The 1979 OBS network located about 100 earthquakes (Fig. 
1), including 30 events seaward of the trench axis. Eight of the 
OBS stations were deployed in an array (Fig. 1) of 
interlocking triangles with a station spacing of ~30km. These 
eight stations covered a rectangular area ~40km_ wide, 
extending from the trench axis to ~60km seaward of the 
trench axis. A ninth station (Fig. 1) was deployed ~ 120km 
seaward of the trench axis. No events were located more than 
60km seaward of the trench axis, and (S~P} times observed at 
the seawardmost station suggest that no such events occurred. 

Nineteen of these events were located within about 20km of 
the array, and 11 should have especially well determined 
depths, as they were observed at four or more stations with at 
least some observations of both P and S phases. Of these 11 
events, the depths of seven were shallower than 13km below 
sea level, or within about 6km of the ocean floor, and the 
remaining four events were located with depths between 30 
and 50km below sea level. None of these earthquakes were 
located between depths of 13 and 30km. The station spacing 
of 30km allows the determination of relative depths with a 
precision of 10-15km for events within or near the station 
network. Although location using alternate velocity models 
alters the depths determined for the events, the group of seven 
events shallower than 13km remained distinctly shallower 
than the group of four events deeper than 30km when these 
events were located using several different velocity models. 

Previously, very little seismic activity has been reported 
seaward of the trench axis near the site of the present study. 
Near the trench only one teleseismic event with a tensional 
focal mechanism has been reported within ~400km of our 
network?’*, the event of 22 February 1958, with magnitude 
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6.75. No events were located seaward of the trench by a 
network of eight OBS stations that operated on the inner 
trench wall for 6 weeks in 1978 (Fig. 1). In addition, none of 
the events located seaward of the trench by the 1979 OBS 
network were located by the Adak network of seven land 
stations (Fig. 1) on the volcanic islands ~140km north of the 
trench. In this region only 10 events, all with magnitude 
between 3.0 and 4.9, have been located by the Adak land 
network? since its installation in 1974. Apparently events 
seaward of the trench axis are seldom observed by stations 
landward of the trench either because phases from them are 
attenuated by structures in or near the trench, or else simply 
because most of the events are quite small. However, our data 
show that events with magnitudes of 2.0 and smaller do occur 
quite regularly in the zone seaward of the trench axis. 





177° W 176° 


Fig. 1 Location of OBS and land stations im the Central 
Aleutians, and events located by the 1978 and 1979 OBS 
network: &. 1979 OBS station: A, 1978 OBS station: Æ. land 
station; @. carthquake located by 1979 OBS stations; ©, 
earthquake located by 1978 OBS stations. Bathymetric contours 
are in fathoms. These events were located by using a program 
written by C.F. and a layered crustal structure similar to that 
used by Engdahl’. The line between A and A’ shows the location 
of the cross-section in Fig. 2. 


With one exception, all the clear first mations of the events 
within our net were compressions (Fig. 3). For the shallow 
events, these compressional observations all lie near the edge 
of the projection of the focal sphere. This does not constrain 
the focal planes, but for a double couple mechanism, the 
observations are consistent only with normal faulting. For the 
deeper events, all the first motions lie in the centre of the 
projection of the focal sphere. As before, these observations do 
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Fig. 2 Vertical cross-section perpendicular to strike of Aleutian 
Trench (Fig. 1) showing depths of 11 especially well-recorded 
earthquakes (@) that occurred within or close to the 1979 OBS 
network (no vertical exaggeration). Note that the Pacific plate 
extends to the left of the figure, and that it becomes subducted to 
the right of the figure beneath the Aleutian Islands. The depth 
chosen for each of these events is that of the minimum weighted 
rms. residual on plots of rms. residual versus depth. The 
location of the zone of maximum bending stress as well as the 
extent of the fractured, elastic and plastic regions were 
determined by Caldwell’ from a study of the bathymetry in the 
Central Aleutians. For a model with a horizontal compressive 
stress of Skbar, he found that the effective elastic thickness of the 
lithosphere was ~55km about 120km seaward of the trench 
axis, but that the bending causes the elastic portion of the 
lithosphere to thin to ~10km near where the maximum bending 
stress occurs 18km seaward of the trench axis. Beneath the 
elastic zone, the compressional stresses exceed the elastic yield 
stress, producing earthquakes with compressional (thrusting) 
mechanisms below a depth of ~25km. The upper 10-15km of 
the lithosphere is a region of little strength?:*, where extensional 
fractures produce normal faulting events. 






not constrain the focal planes, but in this case are consistent 
only with a thrusting mechanism. 

These observations are consistent with normal faulting 
mechanisms in a shallow zone of extension a few km deep, 
overlying a quiet zone extending to a depth of ~30km, which 
in turn overlies a zone of compression between 30 and 50km 
which produces thrusting events. These results are 
quantitatively consistent with an elastic-plastic model® of the 
lithosphere with parameters determined solely from the 





Shallower events Deeper events 


Fig. 3 Composite first motions for the seven shallowest events 
and the four deeper events that appear in the cross-section (Fig. 
2). Compressions (@} and dilatations (©) are plotted on an 
equal area lower hemisphere projection. The focal planes shown 
are not constrained by the available first motions, but show 
clearly that the shallow events are consistent with tensional 
stresses oriented normal to the trench axis, whereas the deeper 
events are consistent with compressional stresses oriented normal 
to the trench axis. 
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bathymetry in the Central Aleutians’ (Fig. 2). The extremely 
shallow events with tensional mechanisms are produced by 
extensional failure in the weak upper portion of the bending 
plate, while the deeper events occur where the compressional 
bending stresses exceed the yield stresses in the lower portion 
of the plate. From our data, the preserce of seismicity seaward 
of the trench axis (Fig. 1) suggests that the yield stress is 
exceeded to at least 60km from the trench axis. 

Although we have determined reliable depths for only adew 
events, the present study provides the strongest seismic 
evidence available suggesting that plate bending occurs on the 
outer trench slope. Previously, earthquakes whose {5- P} umes 
indicated they occurred seaward of the trench have been 
detected by an isolated OBS statioa on the outer trench 
slope’, but this station could not locate the events. The 
uncertainty in the locations of our Iccated events (Pig. 2) ts 
considerably smaller than is possible fer teleseismically located 
events, although our results are generally consistent with 
teleseismic observations of events seaward of the trench in 
several island arcs? +’, 
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Evidence for the initiation of glacial ice-rafting, and fer the 
development of sea-ice cover has been found in sediment cores 
from the central Arctic Ocean spanning early Pliocene 
(~4.5 Myr BP) to Recent time. The glacial evidence reported 
here includes ice-rafted quartz grains, exhibiting glacially 
formed surface features, and benthic foraminifera endemic to 
continental shelves in core sediments from the Alpha Rise. 
The oldest evidence of ice-rafting occurs in sediments 
palaeomagnetically dated at ~4.2Myrep. Variations in 
sediment facies indicate varying climetic regimes, and degrees 
of icecover in the Arctic Ocean since early Pliocene time. 
Planktonic foraminiferal fauna ccmpositions and surface 
features of quartz sand grain in sedamentary cores recovered 
from drifting ice platforms in the Arctic Ocean from the crest 
and upper flank provinces of the Aloha Cordillera (Table 1) 
have been analysed to determine the history of sea ice 
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development, iceberg production and polar ice-cap growth of 
the surrounding continents. Magnetic stratigraphy of these 
cores? and radiometric dates, together with biostratigraphic 
and lithological correlations (Fig. 1), provide age control 
points since the early Pliocene?. N. D. Opdyke (personal 
communication) has suggested that core T3-67-12 contains the 
Gauss/Gilbert boundary at a depth of about 310cm, and that 
the bottom of the core is between 4.5 and 5 Myr old. R. Z. 
Poore (personal communication) thinks that the bottom of 
this core is still in Gauss sediments with a maximum age of 
~3.0Myr. Opdyke’s interpretation is shown in Fig. 1. 
Within this time interval, we have recognized three major 
oceanic sediment regimes in the Arctic, here represented as 
climatic units. The earliest, Unit IH, contains sediments 
deposited between ~4.5 and 2.5 Myr (ref. 1) and consist of 
manganese~iron micronodule-bearing red clays. Rock 
fragments. and mineral grains of ice-rafted origin were 
identified from three samples from this unit (Fig. 1). As this 
represents perhaps the oldest described evidence of Arctic 
Ocean ice-rafting, confirmation of the glacial (ice-rafted) origin 
of these sediments was sought by scanning- electron 
microscopic examination of surface features on sand gr: 
environmental determinations’**+. Quartz sand grains from 
Unit HI from sediments ~4.5 Myr BP (ref. 1) exhibit surface 
features (Fig. 2) consistent with a cycle of glacial abrasion 
before their transport to this region from the surrounding 
shelves and/or continents. Quartz sand grains were selected 
from the >62 um washed fraction from representative sections 
of each climatic unit. The samples examined are indicated by 
arrows on Fig. 1. Two samples, not illustrated, from Drill 
Station A-4 (Table 1} which contains sediments of Brunhes age 
belonging to Unit I were also examined and found to contain 


glacial and glacial marine features. About 50 grains were 
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selected randomly from each sample, to represent the range of 
sizes and shapes present. The grains were petrographically 
examined to ensure that they were unicrystalline quartz, and 
then examined by scanning electron microscopy to determine 
the occurrence and distribution of environmentally diagnostic 
surface features as described in refs 3, 4. A more thorough 
presentation of these data will be published elsewhere. Grains 
also show evidence of subaqueous abrasion (Fig. 2) indicative 
of either current or wave action after the glacial abrasion. The 
grains examined from these samples correspond to the ‘glacial’ 
and ‘glacial marine’ categories***. Sand grains such as these 
could be derived from glacial deposits from the continental 
regions surrounding the Arctic Ocean, as well as from shelves, 
and transported by icebergs, shelf ice, or sea ice hundreds of 
kilometres to their present site. 

The funa in sediments from Unit HI is sparse, constituting 
<1% of coarse fraction (>62pm, Fig. 2). The planktonic 
foraminifera are dominated by the robust, polar, left-coiling 
Neogloboquadrina pachyderma complex, some of which are 
corroded. Shell fragments are abundant, and the solution 
susceptible tests of juvenile specimens are rare in this unit. 

Scattered occurrences of low latitude planktonic foraminifers 
in this unit as well as in the foraminifera-poor’ layers of Units 
Il and I have been reported elsewhere?’ (Figs 1,3). Their 
presence was suggested to be due to transport by ocean 
currents from the Atlantic and Pacific during periods of more 
active water exchange between the Arctic and adjacent oceans® 
or to transport by shelf ice (Y. H. unpublished data). Barents 
Sea data indicate that shells of planktonic organisms carried 
from low latitudes by the warm Norway Current and 
deposited on the floor of the Barents Shelf may have been 
incorporated into grounded shelf ice. Subsequently, during 
periods of calving and drift over the Arctic, the incorporated 
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debris was dropped to the sea floor. Benthic foraminifera are 
represented by deep-water (solution-resistant) agglutinated 
forms and robust, calcareous elements™ 3. Rare, shallow-water 
elements are also present, indicating transport by icebergs 
and/or islands from shelf areas*™ 5. 

The Unit IHAÆI boundary is defined by simultaneous 
lithological and faunal changes, and coincides very roughly 
with the Gauss/Matuyama boundary (Fig. 1). The change is 
from the red clays in Unit HI to tan silts in Unit H., which 
contain more abundant coarse ice-rafted sediments. Ice-rafted 
quartz sand grains from this unit differ from those of Unit HI 
not only in abundance, but also in their surface features. 
Grains from Unit H show a greater percentage of subaqueous 
abrasion, overgrowths, and also aeolian features in comparison 
to features of glacial origin (Fig. 2). The 
aeolian/subaqueous/glacial combination are typical of 
periglacial environments presently found in Alaska’. 

Planktonic foraminifers in Unit H are dominated by the 
extant subpolar species Globigerina egelida and Globigerina 
quinqueloba, These two solution susceptible species constitute 
up to 99% of the fauna in cores raised from depths shallower 
than ~2,400m; however, their relative abundance decreases 
considerably in deeper water sediments™5 (Figs 1 and 3). The 
right-coiling subpolar N. pachyderma complex attains highest 
frequencies in this units sediments* (Fig. 3). 

The benthic foraminifers have both deep- and shallow-water 
representatives. Among the latter, species belonging to 
Elphidium, endemic to continental shelves, are abundantly 
represented, constituting up to 50°. of the benthic elements 
(Fig. 3). Deep-water species are varied, both calcareous and 
arenaceous elements being common’. 

The Unit I/I boundary is again defined by both faunal and 
lithological changes, and occurs near the Brunhes/Matuyama 
magnetic boundary? (Fig. 1). Brunhes sediments, representing 
the last major climatic regime, are composed of alternating 
foraminifera-rich and foraminifera-poor layers. The former 
represent conditions similar to those prevailing today 
(perennial sea-ice cover)’; the latter perhaps short, milder, 
lower salinity intervals, comparable to those of the Matuyama 
epoch. The planktonic fauna is dominated by the polar left- 
coiling N. pachyderma complex; however, G. quinqueloba, 
capable of withstanding low salinities (Y.H. unpublished data), 
attains high frequencies near several of the foram-rich/foram- 
poor boundaries; benthic foraminifers are varied and ice-rafted 
debris is scattered throughout Brunhes sediments (Figs 1 and 
3). 

Two samples from the foram-rich zones of Unit I show 
surface features indicative of glacial marine and aeolian 
periglacial origin (Fig. 2), while grains from the foram-poor 
zones show typical glacial surface features similar to those 
from Unit II Matuyama sediments. 

The differences between quartz grains from the three units 
can be summarized as follows: samples from Unit IH contain 
fewer and smaller (<250,1m) grains and higher percentage of 
rounded aeolian and subaqueously abraded grains. Grains 
with glacial evidence also show superimposed features of 
subaqueous and aeolian origin. Samples from Unit II contain 
a greater number of large (>250pm) and angular grains, 
exhibiting a mixture of aeolian and subaqueously abraded 
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Table 1 Locations, depths and lengths of cores 
Depth Length 

Core Lat. Long. (im) {cm} 
D.SLA.2 83I SI'N 168° LYW 1,521] 206 
DSt.A.4 SF IIN 168 49 W 2.04] 116 
T3-67-3 IDLUN 17509 W 2,285 380 
T3-67-4 TI 22T N 174 46 W 1,760 272 
T3-67-9 TI9°37.9'N 172 07W 2,257 356 
T3-67-11 7934.9 N 172°30°W 2,810 250 
T3-67-12 80°21.9°N 173°33°W 2,867 374 
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Fig. 2 Scanning electron micrograph: of quartz sand grains 
from Arctic Ocean cores shown in Fig. P a, Sand grain from core 
T3-67-9, 330cm depth (Unit HI). Showing sharp angular outline, 
step shaped fractures and conchoidal fractures: typical of grains 
subject to glacial action, scale bar, 20pm. b, Edge of quartz grain 
from core 13-67-12, 375cm depth (Unit Ub. showing conchoidal 
fractures, semi-parallel steps, striations, and other features shown 
in a, scale bar, 20pm. c, Sand grain from core 13-67-14. RS em 
depth (Unit 1) showing high relief, large breakage blocks und 
conchoidal fractures typical of grains of glacial origin, scale bar. 
!Oum. d, Grain from core 13-67-11, 188cm depth (Unit IN 
showing typical glacial surface features aver a larger area of the 
grain, scale bar, 20um. e, Grain from core 13-67-11. 88cm 
depth (Unit H) showing abrasion features and rounded outline 
typical of grains with a history of mariie-subaqueous transport, 
scale bar, 200um. f. Grain from core 13-67-9, 330cm depth 
(Unit HI) showing glacial features mocified by aeolian features 
along right-hand margin, and on centre ridge. scale bar, 20 um. 


features. Unit I samples contain man~ large angular grains of 
glacial origin, with relatively few grains of mixed transport 
cycles. 

The number of quartz grains of glacial increases in 
progressively younger sediments, while there is a decrease in 
the number of grains exhibiting features of mixed origins. In 
Brunhes sediments, however, there seems to be periods during 
which sediment transport conditions similar to those of the 
Matuyama prevailed. 

There is relatively little information on pre-Pleistocene 
sediments from the Arctic Ocean. Ling ef al.’ reported 
evidence for a warm, ice-free Arctic Ocean during Eocene and 
later times. A warm, temperate Arctic climate for the 
Palaeogene is discussed by Frakes and Kemp”. The evidence 
of vigorous vertical mixing and relatively high biological 
production of the Arctic surface water preclude the existence 
of perennial ice cover between the lare Miocene and the late 
Pliocene” $9, 

About 2.5 Myr ago a dramatic change in the structure of the 
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Fig. 3 Core T3-67-3. a, Percentage of coarse fraction (> 62m). CS, coarse sand; G, granules; P, pebbles. b, Percentage of microfauna in 
the coarse fraction (>62 pm). Shaded areas represent the microfauna, white areas the clastics; values are indicated at the top of the diagram. 
©, percentage of dextral G. pachyderma out of the total G. pachyderma population; values are indicated on the abcissa at the bottom of the 
diagram. *, low latitude planktonic foraminifera. c, Percentage of Elphidium spp. out of the total benthic foraminiferal fauna. (Modified after 
ref. 2.) d, Percentages of microfauna in the coarse fraction (>62 pm), D. Sta A2. Shaded areas represent the microfauna, white areas the 
clastic material. x, percentages of G. quinqueloba out of the total planktonic foraminiferal fauna. [C], percentages of G. egelida of the total 
planktonic foraminiferal fauna. *, low latitude planktonic Foraminifera. e, Percentages of Elphidium spp. a shallow-water genus out of the 
total benthic foraminiferal fauna. (Modified after ref. 2.) Drill Station A2. 


essential for sea ice formation, was developed at this time?’’. 
Whether temperatures were sufficiently low for pack ice to 
form, even seasonally, cannot be ascertained for certain with 
the present data. While most data suggest that global 
Matuyama temperatures were higher than Brunhes 
temperatures (see refs 11-17), Kennett!’ interprets his results 
to indicate the opposite. It can be assumed, however, that 
given the stratification, sea-ice cover was present during the 
winter. A major climatic threshold was crossed ~0.7 Myr ago, 
when, as a result of continued global cooling, perennial sea-ice 
cover developed over the Arctic Ocean’. 

Clark, however, has stated that the Arctic Ocean has been 
covered continuously with perennial ice from the middle 
Cenozoic to the present and that the ice cover was much 
thicker during the deposition of the ‘foraminifera-poor beds’ 
than today’®. At present, the ice attains thicknesses of 3—4 m 
at the end of winter, decreasing to ~2~3m in summer?’. Field 
observations and theoretical calculations indicate that sea ice 
reaches an equilibrium thickness at ~4m (ref. 21). 
Furthermore, evidence exists for much drier climates, with 
reduced snowfall during glacial episodes in the north polar 
region. This is a direct consequence of increased continentality 
caused by broadening of coastal plains due to lowered sea 
level?, and reduction of moisture available to the atmosphere 
when ice covered extensive land and ocean areas. 

Recently discovered calcareous nannofossils in Unit IH 
sediments as well as in ‘foraminifera-poor zones’ and in 
transition sediments between foraminifera-poor and 
foraminifera-rich zones also preclude the existence of perennial 
ice cover during the deposition of these sediments?* and 
further supports the interpretation of Herman’’’ concerning 
the evolution Arctic oceanic-climate during the past 5 Myr. 

Glacial—marine (ice-rafted) sediment was previously reported 
from the North Pacific Ocean by Krinsley** who found glacial 
surface features on quartz grains of late Pliocene age from 
DSDP site 178 (Alaskan Abyssal Plain). Other 
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investigators’*-*° found evidence of ice-rafting in the North 


Pacific, Bering Sea, and the Norwegian-Greenland Seas in 
sediments of middle Pliocene age (~2.4-3 Myr old), which is 
consistent with the oxygen isotopic evidence for major 
development of Northern Hemisphere glaciers about this 
time*’. One core raised at site 344 (76°08.98'N; 07°52.52’E) 
contains glacial marine sediments throughout the Pliocene. It 
is not certain whether the entire Pliocene was recovered nor 
what processes of sedimentation were responsible for the 
deposition of the glacial marine debris: “ice rafting, turbidity 
currents or sedimentary suspension in water” has been 
suggested. 

Occurrence of ice-rafted quartz sand grains and shallow- 
water benthic foraminifers endemic to continental shelves on 
the crest and upper flank provinces of the Alpha Rise in 
sediments deposited ~4.5Myr ago’ firmly establishes that 
high latitude Northern Hemisphere mountain glaciers 
developed and perhaps extended to sea level at least as early 
as the early Pliocene. In addition, the variations in sediment 
types, microfaunal and floral compositions, and abundance of 
ice-rafted: and glacially produced detritus, all indicate the 
history of development of ice cover in the Arctic Ocean. 
Corroboration by similar data from other Arctic Ocean sites 
would make this date highly significant with respect to our 
understanding of the chronology of Northern Hemisphere 
glaciations and the eventual onset of the Pleistocene 
glacial/interglacial climatic cycles. Oxygen isotope analysis of 
calcareous foraminifera and nannoplankton from these cores is 
planned to correlate these sediment sequences with isotopic 
stratigraphies established elsewhere in the world’s oceans. 

We thank Kenneth Hunkins and his colleagues for 
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Why are distasteful prey not cryptic? 
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Bright coloration among unpalatable prey is common’. Turner? 
has suggested that, as with Fisher’s explanation for the evolution 
of distastefulness itself’, such aposematic coloration has been 
favoured by kin selection. Distasteful aposematic prey tend to 
live in kin groups and predators sampling from such groups will 
learn to avoid conspicuous prey more readily than cryptic prey 
and, as a consequence, fewer members of conspicuous kin 
groups are preyed upon’**, We know of no clear evidence that 
vertebrate predators take fewer trials when learning to avoid 
conspicuous rather than cryptic distasteful prey®’. Here we 
report results from a series of experiments that provide such 
evidence. 

For 3 days post-hatch, male Warren Sex-Link chicks were fed 
on dyed blue and green chick crumbs of equal size, hue and 
texture, that were presented on a grey background against which 
we could detect no selective predation, On day 4, individual 
chicks were placed in a holding box for 1 min before being 
released through a sliding door into a testing arena (80 x 60 cm) 
with a hardboard painted floor. The floor was interchangeably 
blue or green and on it were scattered 1,000 chick crumbs which 
had been made distasteful (by including 4 g quinine sulphate and 
2 g mustard powder per 100 ml of dye solution). At this density 
the crumbs do not act as background to each other and selective 
predation by the chicks is similar to that at lower densities’. The 
crumbs were all the same colour, either blue or green. Individual 
chicks were allowed to feed for 2 min and were retested every 
hour for 13 h, that being the number of trials after which each 
chick had refused food on at least one occasion. Details of 
housing, lighting conditions, food preparation, the testing arena 
and feeding before experimentation, are as described else- 
where’. There were four treatments—floor and food blue, floor 
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Fig. 1 Cumulative number of baits taken in successive trials. 

Experimental series: a, background green; b, background blue. 

Closed symbols represent experiments with blue food and open 
symbols green food. 95% confidence limits are shown. 


and food green, floor blue and food green, floor green and food 
blue—with nine chicks assigned to each. 

The number of crumbs taken during the first (1,) and 
subsequent trials (,), together with the number of trials before 
each chick refused food for the first time are shown in Table 1. In 
the first trial, more blue than green baits were taken when each 
was presented on a green background (Mann-Whitney U = 0, 
P <0.01). Similarly, during the first trial more green were taken 
than blue when each was presented on a blue background 
(U =0, P<0.01). This we interpret as demonstrating crypticity 
of the crumbs against matching backgrounds. However, by the 
final trial the situation had changed: more green baits than blue 
had been taken (n,+2,) against the green background (U = 2, 
P<0.01), and more blue baits than green had been taken on the 
blue background (U =0, P<0.01). From the results shown in 
Fig. 1 it is apparent that the responses to the two treatments in 
each experiment were still diverging when testing was stopped. 

These experiments indicate that chicks learn to avoid conspi- 
cuous more readily than cryptic distasteful prey. One or 
both of two mechanisms could be operating. First, the 





Table 1 The number of crumbs taken during the first trial G), the total 

number taken during the 12 subsequent trials (n,), and the number of 

trials before each of the 36 chicks was tested and refused to feed for the 
first time (r) 


Crumb colour Blue 


Green Blue Green 
Background colour Biue Blue Green Green 
My Mg Fo om Me F My Ng Fo omy Ay OF 
15 67 94129 6 4530 4 1060 9 
18 82 11 35 36 4 39 26 5 16 85 11 
1168 10 33 25 4 4020 3 9 96 16 
20 65 10 40 26 3 35 36 5 20 84 11 
17 72 92933 4 3628 4 1473 7 
16 70 10 44 25 3 35 33 6 1087 9 
13 72 10 38 26 5 3829 5 15 89 11 
981123635 4 42 27 5 17 79 10 
19 77 10 39 31 3 3728 6 13 66 9 
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appearance of conspicuous prey per se is learned more readily 
than that of cryptic prey. Second, eating large numbers of prey in 
a short time is a more powerful reinforcer than eating even 
greater numbers of prey over a longer time period. Either 
mechanism provides a proximate explanation for the functional 
hypothesis. Note that in these trials the chicks were not offered a 
food choice and that, therefore, the experiments do not mimic 
the evolution of aposematic coloration’. Whether the effect 
described here is large enough to favour the evolution of 
conspicuous coloration among unpalatable prey depends on 
various behavioural parameters, such as prey group size and the 
availability of other foods to the predator, in addition to the 
degree of unpalatability or toxicity of the prey. 

We thank Dr P. P. G. Bateson for suggesting the type of 
experimental design used here, Dr J. R. Krebs for introducing us 
to the problem, Drs J. J. D. Greenwood and P. J. Greenwood 


for helpful criticism, and Mr Martyn Stenning for technical” 


assistance. 


Received 22 January 1979; accepted 2 May 1980. 


. Edmunds, M. Defence in Animals (Longmans, Harlow, 1974), 

. Turner, J. R. G. Nat Hist. 84, 28-37 (1975). 

. Fisher, R. A. The Genetical Theory of Natural Selection iClarendon, Oxford, 1930). 

. Rettenmeyer, C. W, A. Rev. Ent iS, 43-74 (1970). 

. Matthews, E.G. Am. Nar 111, 213-222 (1977). 

. Harvey, P. H. & Greenwood, P. J. in Behavioural Ecology: an Evolutionary Approach (eds 
Krebs, J. R. & Davies, N, B.) 129-154 (Blackwell, Oxford, 1978), 

. Githeman, J. L., Harvey, P. H. & Greenwood, P. J. Anim. Behav. (in the press). 

. Gittieman, }. L. thesis, Univ. Sussex (in prepareueln } 

. Wilis, A. J, McEwan, J. W. T., Greenwood, J. 3. D. & Elton, R. A, J. Anim. Ecel. tin the 
press). 


Te Lha Be fad fd ew 


OO CR md 








Dopaminergic A10 neurones are 
involved in cognitive functions 
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Delayed response tasks are widely considered to be particularly 
sensitive in demonstrating cognitive deficits after lesions of the 
prefrontal cortex in all species of mammals’, In rodents, these 
deficits are usually tested in a T-maze and are more pronounced 
after lesion of the anterior part of the striatum than after 
prefrontal cortex ablation’. In effect, the striatum is capable of 
assuming cortical functions either when the prefrontal cortex is 
poorly developed as in the lower mammals” or immature as in 
the early life of primates*. The prefrontal cortex and anterior 
striatum—the so-called prefrontal system‘—are functionally 
and anatomically related. The prefrontal area specifically 
involved in delayed alternation® receives projections from the 
mediodorsal thalamic nucleus (MD)’ and sends axons to the 
anterior striatum as well as to the MD*’. Recently, a detailed 
anatomical study of the connections of the prefrontal system 
revealed the existence of important projections from the 
mesencephalic dopaminergic A10 neurones and the mediodor- 
sal nucleus that converge on the prefrontal cortex*. Axons of the 
A10 system also project to the anterior part of the striatum””’. 
The influence of dopaminergic A10 neurones on frontal lobe 
functions remains obscure, but some observations concerning 
the behavioural, pharmacological and biochemical effects of 
neuroleptics and psychostimulants have supported the idea that 
these dopaminergic neurones could have a role in the patho- 
genesis of schizophrenia ™™. Furthermore, the major 
symptems observed in schizophrenic patients such as cognitive 
and attention disturbances have been attributed to a dysfunction 
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of both prefrontal cortex and striatum’**°. Thus, in addition to 
their anatomical connections, the dopaminergic A10 neurones 
may be functionally related to the prefrontal cortex and stria- 
tum. These data encouraged us to investigate whether A10 
neurones are functionally related to the prefrontal system and in 
particular if they are involved in cognitive processes measured in 
a delayed alternation task. We demonstrate here that selective 
lesions of dopaminergic A10 neurones in the rat produce a 
severe and specific impairment in retention of delayed alter- 
nation. On anatomical and behavioural grounds the 
dopaminergic A10 system could therefore be considered as a 
rather better indicator of frontal system function than the 
mediodorsal thalamic nucleus. 

Fifteen male Sprague-Dawley rats (300-350 g) received, 
under ketamine anaesthesia (150 mgkg™' intraperitoneally 
(i.p.)), bilateral stainless steel guide cannulae (0.65 mm) aimed 
6.5mm above the A10 cell bodies region. Stereotaxic coor- 
dinates were: 4 mm posterior to the bregma, 
the midline and 2.2 mm below skull surface. Fifteen days after 
surgery, the delayed alternation experiment began according to 
the procedure of Wikmark et al.’. Briefly, animals deprived of 
food for 12 h were trained to enter alternately each arm of a 
T-maze for food with a fixed time between trials. Twenty-one 
trials were carried out daily until each rat made five errors or less 
in 3 consecutive days (91.66% of correct responses in 60 trials). 

After the learning period, the animals were divided into 
control (c = 6) and experimental (e = 9) groups receiving vehicle 
or 6-hydroxydopamine (6-OHDA, 2ygul’) injections 
respectively. The injections were made in unanaesthetized 
animals by lowering bilaterally an injection needle (0.30 mm) 
through the guide cannulae to the region of A10 cells (8.7 mm 
below the skull surface). A second injection was performed in 
similar conditions 3 d later. After another 10 d, the animals were 
tested for retention of delayed alternation according to the same 
paradigm as that used in the learning sessions. Training 
continued until the pre-injection criterion was reached. 

Post-operative performances and gross behavioural analysis 
showed that experimental (6-OHDA-A10) animals presented a 
severe impairment in retention of delayed alternation. As 
indicated in Table 1, control rats showed no deterioration in 
performance between pre- and post-operative behavioural 
testing, as the number of errors was not statistically different. 
Moreover, the number of trials in retention was only slightly 
higher than the number of 60 trials imposed to reach the 
criterion. On the other hand, the 6-OHDA-A10 rats performed 
badly. In the first 60 post-injection trials, the 6-OHDA-~A10 
rats made many more errors than the control group (¢ = 7.1; 
P<0.001). There was no difference in the errors made by the 








Table 1 Learning and retention scores of delayed alternation 
responses 


Errors in the last 60 
pre-operative and 


in the first 60 No. of trials to reach 


post-operative trials criterion 
(mean +s.e.m.) {mean +s.e.m.) 
Group Pre- Post- Pre- Post- 
(n) operative operative operative operative 
Control 4.7403 5.1+0.7 146.6+12.3 704.5 
(6) ae 
6-OHDA-A10 4.740.2  19.64£1.2* 148.9410 313.3433.9 


(9) 





There was a significant difference between control and experimental 
(6-OHDA-A10) groups in the number of errors in the first 60 post- 
operative trials and the number of post-operative trials needed to reach 
the criterion (Student’s t-test, P<0.001). As indicated by the number of 
errors in the first 60 post-operative trials compared with the last 60 
pre-operative trials, the control animals did not show any deterioration 
of performance. On the contrary, many more post-operative than 
pre-operative trials were needed by the experimental (6-OHDA-A10) 
rats to reach the criterion (*paired test, P< 0.01). 
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Table 2 Learning and retention scores of visual discrimination 





Errors in the 
first 60 
trials 
(mean +s.e.m.) 


No. of trials to reach 
the criterion 

(mean+s.e.m.) 

Group (mn) 


Post-operative Pre-operative Post-operative 
Control . e G) 6.6+0.5 116+4 1225 
6-OHDA-A10 B 6.3+0.4 111.446 71.444 





No statistical difference was observed between control and 6- 
OHDA-AI10 lesioned rats. The number of trials for all rats in retention 
was only slightly greater than the 60 trials imposed to reach the criterion. 


6-OHDA-A10 group between the first 60 post-operative trials 
(32.66%) and the first 60 initial trials in the learning period 
(32.40%). Post-operatively, the number of trials to reach the 
criterion was greater in 6-OHDA-A10 rats compared not only 
with the control group (t = 5.6; P<0.001) but also with their 
own pre-injection level of performance (t = 5; P< 0.001). Gross 
behavioural analysis showed that, during the pre-operative 
learning of the delayed al ernation response, the two groups of 
rats exhibited collateral ehaviours such as rearing, stopping 
and returning before entering the chosen arm of the T-maze. 
These collateral- behaviours were frequently observed at the 
beginning of acquisition and then disappeared progressively as 
the number of errors decreased. Post-operatively it was obser- 
ved that the 6-OHDA-AI10 rats demonstrated more collateral 
behaviours than the control rats. This difference was particularly 
evident during the 20 trials of the third post-operative session, 
that is when the control rats nearly reached the criterion (mean 
of rearings: e = 2.10, c =0.33; stops: e =4.2, c =2; returns: 
e = 2.20, c = 0.67). According to these results the mean running 
time from the start box to the goal box of the T-maze was greater 
in 6-OHDA~AI1O rats (e =4.5s, c =2.08s; Student's t-test: 
t =6.9; P<0.001). This running time did not shorten during the 
following trials, possibly indicating that post-operatively the 
experimental animals did not really relearn the task but rather 
developed a new strategy to reach the criterion. These 
behavioural observations might explain the nature of the deficit 
observed in the delayed task after lesion of A10 neurones. The 
experimental animals showed post-operatively more collateral 
or ‘irrelevant’ behaviours because they presented attentional 
deficits manifested by an enhanced distractibility or respon- 
siveness to environmental stimuli. This renders the animals 
unable to select relevant information. In this respect, it is 
interesting that the frontal syndrome has also been interpreted 
in terms of attentional deficits” 

Whatever the nature of the perturbation observed, the 
specificity of our results could be criticized. First, considering the 
fact that the experimental animals reached the food reward 
more slowly than control animals, the retention impairment 
could be explained by motivational deficits. To test this hypo- 
thesis, animals were trained in a straight alley divided into a start 
box, a runway and a goal box containing food reward. The 
running time for deprived animals to reach the goal box was 
considered as an index of their motivational state, Each animal 
was made to run daily in 10 consecutive trials over a period of 5 
d. At the end of the experiment, it was found that the running 
time did not differ between the experimental (mean: 6.28+ 
1.31 s) and the control groups (mean: §.93+ 1.12 s). Second, it 
remained important to investigate if the perturbation observed 
in the delayed alternation task was not the result of more general 
learning disabilities. In this respect, it has been found that 
prefrontal lesioned animals have deficits in delayed alternation 
but not in discrimination tasks’. To test the specificity of a 
perturbation of delayed alternation after lesion of A10 neurones 
we carried out an additional experiment. Twelve naive rats 
maintained on 90% of ad libitum body weight, were trained in a 
Y-maze of the Lashley type for a visual discrimination task. 
Food reward signaled by light was randomly placed in the right 
or left arm of the maze. Twenty trials took place daily until the 
animals reached the criterion of 90% correct responses (6 errors 


Table 3 Dopamine and serotonin contents after 6-OHDA injection (2x 
2 ug wl”') in the region of dopaminergic A10 cell bodies 











Serotonin (ng per g 








Dopamine ing per g 
Frontal  Nucieus Anterior Frontal Hippo- 
Group in) cortex accumbens striatum cortex Camp 
Control (6) 126+10 8,290+590 81904 1,310 539+62 342433 


6-OHDA-A10 (9) 39.7+5.7 1,260+150 2,2304670 495¢%26 7241425 





Note that 6-OHDA-A10 rats showed a big depietion of dopamine in forebrain 
projections, whereas serotonin levels were not significantly modified in the frontal 
cortex and decreased only slightly in the hippocampus. Values are mean t sem, 


or less in 3 consecutive sessions of 20 trials each). Then, the rats 
were divided into control (n =5) and experimental (7 = 7) 
groups. The control group rats received a saline injection and 
the experimental group 6-OHDA injections in the A10 cell 
bodies region, strictly according to the procedure previously 
used for the delayed alternation test. Fifteen days after the 
injections the rats were tested for retention of visual dis- 
crimination. As indicated in Table 2, the number of trials to 
reach the criterion and the mean of errors in the first 60 
post-operative trials are similar for the two groups of rats. 

At the end of the behavioural experiments, animais were 
decapitated and the brain quickly removed. The posterior part 
of the brain was kept out for histological examination of 
injection sites and the anterior part was used for biochemical 
assays as described previously'*. Table 3 shows the biochemical 
results. Note that brain dopamine content of 6-OHDA rats was 
greatly depleted in the forebrain projections of A10 cell bodies 
such as the frontal cortex (—68.5%), the nucleus accumbens 
(~84.8%) and the anterior part of the striatum (~72.8%), 
whereas endogenous serotonin corresponding to raphe pro- 
jections was not modified in the frontal cortex or only slightly 
decreased in the hippocampus (--29.5%). 

In conclusion, our results suggest that the dopaminergic A10 
neurones have a fundamental role in the processes required for 
the retention of the delayed alternation response. Supporting 
this view, it has recently been found that 6-OHDA injections in 
the frontal cortex of the monkey”? and rat”’ or in the striatum of 
the rat”?! disrupted the delayed alternation response. 

Moreover, we have demonstrated the critical influence of 
brainstem neurones on higher mental functions, such as cogni- 
tive processes,which have often been attributed exclusively to 
the prefrontal cortex. It could be considered that the sensory 
information reaching the A10 neurones” and conveyed to the 
prefrontal cortex and striatum are of particular importance for 
the normal functioning of the prefrontal system. Careful analysis 
of these A10-—prefrontal system interrelations may be of special 
interest for future research dealing with cognitive represen- 
tational functions and some pathophysiological states. 

This work was supported by a grant from DGRST (78 7 2780) 
and INSERM (ATP 39.76.71). 
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The role of ventral bundle noradrenergic 
neurones in sensory components 

of sexual behaviour 

and coitus-induced pseudopregnancy 


S. Hansen, E. J. Stanfield & B. J. Everitt* 


Department of Anatomy, University of Cambridge, Downing Street, 
Cambridge CB2 3DY, UK 


Interaction of the female rat with the male in standardized 
laboratory conditions is characterized by two categories of 
behaviour. The first, known as proceptive behaviour, consists of 
a series of rapid movements by which she approaches and leaves 
the male, hopping and darting and wiggling her ears’. This 
behaviour, which is a response to visual, olfactory, and probably 
auditory cues from the male, serves to attract his sexual interest. 
As soon as the male mounts her, this behaviour is abruptly 
terminated and is replaced by a second (receptive) pattern’. The 
female becomes completely immobile and dorsiflexes her 
vertebral column to display a lordotic posture, which exposes 
her vagina and facilitates intromission by the male; this pattern 
results from tactile stimulation received by the female from the 
male as he mounts her”. Both these behaviours are under 
endocrine control since the female rat will only show them if she 
is exposed to the ovarian hormones oestradiol and proges- 
terone*. However, proceptivity and receptivity clearly differ 
with regard to the neural mechanisms responsible for their 
activation, since different groups of afferent stimuli are required 
to set them in motion. We now show that a specific part of the 
ascending systems of noradrenergic neurones in the brain, that is 
carried in the ventral noradrenergic bundle’, is critically 
involved in the mechanisms by which tactile stimuli elicit recep- 
tive, but not proceptive, behaviour in the female rat. The same 
system is also involved in the process by which genital stimuli 
activate another neuroendocrine phenomenon, the induction of 
pseudopregnancy. 


Fig. 1 The effects of ventral 
noradrenergic bundle (VNAB) 
lesions or procaine on the recep- 
tivity and proceptivity of female 
rats. a, Electrolytic lesions 
(1.5mA, 10s, insulated platinum 
electrode 0.4mm o.d., columns 1 
and 2) or 6-hydroxydopamine 
lesions (2 pg base in 0.5 pl 0.9% 
NaCl with 0.2% absorbic acid 
injected over Smin through a 
cannula 0.3mm o.d., columns 3 
and 4) of the VNAB in ovariec- 
tomized rats treated with 
oestradiol and progesterone. 
Lesioned females are represented 
by cross-hatched columns, the 
receptive behaviour of lesioned 
females was significantly lower 
than controls (P<0.05, Mann- 
Whitney U-test) in both cases. 
Coordinates for lesions were AP 
—0.5; L +0.6; V —6.5 according to 
Konig and Klippel’. b, VNAB 
lesions in intact females, showing 
behavioural effects during three 
consecutive oestrous cycles (time 
scale on abcissa in days). Lesioned 
rats showed impaired lordosis a 
responses (receptivity) during each 
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The first experiment was carried out on ovariectomized ani- 
mals injected daily with a low dose of oestradiol monobenzoate 
(0.2 ug) and with a single injection of progesterone (0.5 mg) 
between 4 and 6 hours before behavioural testing. Figure la 
shows that animals in which an electrolytic lesion of the ventral 
noradrenergic bundle had been made (Fig. 2) continued to 
display proceptive behaviours towards the male. However, in 
contrast to controls (who showed high levels of receptivity) 
ventral noradrenergic bundle-lesioned animals displayed 
greatly reduced levels of lordosis (receptive behaviour). The 
procedure was then repeated except that instead of an elec- 
trolytic lesion, 6~hydroxydopamine (6-OHDA) was injected at 
the same site. This neurotoxin induces selective degeneration of 
noradrenergic neurones when placed discretely in the small dose 
and volume (2 pg base in 0.5 wl Ringer’s solution) used here’. 
Figure la shows that this resulted in similar behavioural 
consequences, females continuing to show proceptive 
behaviour, but only low levels of lordosis when they were 
mounted by the male. Table 1 shows that both electrolytic 
lesions (Fig. 2) and those produced by the neurotoxin 6-OHDA 
(Fig. 2) produced similar neurochemical changes, in that 
noradrenaline uptake in the hypothalamus was substantially 
decreased, whereas that in the cerebral cortex (which is supplied 
by the dorsal noradrenergic pathway) was unaffected. Very little 
or no nonspecific damage was seen around the site of injection of 
6-OHDA and careful histological examination revealed that 
lemniscal and spinothalamic projections were undamaged. 
These experiments therefore suggest that the behavioural 
results that we observed were produced specifically by decreas- 
ing the noradrenaline content of the subcortical brain after a 
ventral noradrenergic bundle lesion. 

The second experiment was carried out on intact animals 
showing regular oestrous cycles. The vagina of each rat was 
covered with tape to prevent intromissions during sexual inter- 
action and so avoid episodes of pregnancy or pseudopregnancy. 
Such animals show recurrent periods of active sexual behaviour 
(‘heat’) every fourth day. Electrolytic lesions in the ventral 
noradrenergic bundle similar to those made in the first experi- 
ment did not prevent the postoperative occurrence of normal 
4.day vaginal oestrous cycles, although these took longer to be 
re-established after operation than in the sham-operated 
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period of oestrus (P < 0.05) while proceptivity was unaffected. Each female had her vagina covered to prevent intromissions. c, In ovariectomized 
oestrogen and progesterone treated rats, procaine-induced anaesthesia of the perineum {(Ana.) significantly reduced (P < 0.05) receptivity when 
compared with pre- or post-anaesthesia scores or injection of normal saline (Sal.) at the same sites in the same volume as procaine. Proceptive 


behaviour was unaffected. 
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controls (26.2+2.4 days compared with 17.2+1.3 days, 
P<0.05). However, Fig. 16 shows that the behavioural 
consequences which followed this procedure in intact animals 
were very similar to those seen in ovariectomized, oestrogen- 
treated ones described above. Both lesioned and control animals 
showed proceptive behaviours every fourth day on the night 
preceding the presumed time of ovulation. Only the controls 
showed high levels of receptivity while lesioned rats responded 
to attempted mounts by only infrequent lordosis. Thus, ventral 
noradrenergic bundle lesions produced the same behavioural 
syndrome in animals responding to their own hormones as was 
observed in ovariectomized animals given oestrogen and pro- 
gesterone exogenously. 

One interpretation of these results is that somatosensory 
information received from the male during mounting was not 
gaining access to the neural mechanism responsible for initiating 
lordosis (receptive) postures in the female rat. We therefore 
compared these results to those from a third experiment in 
which we studied behaviour after anaesthetizing the skin in the 
female’s perineal region, to which the male applies tactile stimuli 
during mounting. Procaine was injected at four sites (0.25 ml per 
site as a 2% solution) around the perivaginal area as described 
previously’. Figure 1c shows that this procedure produced 
behavioural effects remarkably similar to those following 
ventral noradrenergic bundle lesions, rats showing marked 
deficiencies in receptivity but not in proceptivity. 

Although these experiments showed, in a behavioural 
context, that the ventral noradrenergic bundle was clearly 
important in the transmission of tactile information generated 
during sexual interaction, we wanted to know whether this 
system of neurones could function similarly in any other neuro- 
endocrine context. Tactile stimulation of the uterine cervix 
during copulation in the rat results in daily surges of prolactin 
which, by extending the lifespan of the corpus luteum, induces 
pseudopregnancy’. This stimulus can be mimicked by gently 
stimulating the cervix with a glass rod for 40 s during proestrus®. 
In a fourth experiment we found that 8 out of 11 unlesioned 
females so treated (73%) became pseudopregnant judging by 
the occurrence of persistent basal cells in their vaginal smears 
which were taken daily for about a week following stimulation. 
However, a similar procedure applied to 9 rats with lesions of 
the ventral noradrenergic bundle resulted in only 2 (22%) 
becoming pseudopregnant, the remainder continuing to show 
vaginal cycles after stimulation (Fisher’s exact probability test 
P=0.032). This experiment suggests that the ventral 
noradrenergic pathway is concerned with somatosensory 
information important in neuroendocrine contexts other than 
those of regulating behaviour. But whether this only applies to 
stimuli derived from the genitalia, as explored in the present 
experiments, or can also extend to other parts of the body and 
other behavioural or physiological contexts, awaits further 
study. 

It is known that tactile stimuli important in eliciting the 
receptive posture reach the brain via fibre systems running in the 





Table 1 Effects of electrolytic or neurotoxin lesion on the in vitro 
uptake of ` *H-noradrenaline by hypothalamic synaptosomes and slices 
or cerebral cortex slices 
%ə Decrease in active uptake 
of *H-noradrenaline in vitro 


Lesion Hypothalamus Cerebral cortex 
Electrolytic 59,3% * 8% (NS) 
6-Hydroxydopamine 65.8% * 13%(NS) © 





Incubations were performed in Krebs-Ringer bicarbonate buffer'® 
with “H-noradrenaline at a concentration of 10°’ M. Data are expressed 
as % reductions compared with controls (sham lesions resulted in no 
Significant depletions (<5%). The degree of reduction in active uptake 
is closely related to the degree of neuronal destruction’’. NS, Not 
significant. 

* P<0.01, comparison of original counts by t-test. 
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anterolateral columns of the spinal cord’, and many of these 
fibres terminate in the vicinity of cell groups which contribute to 
the ventral noradrenergic bundle, particularly those lying in the 
ventro-lateral medulla and in the region medial to the superior 
olivary complex. It has also recently bezn shown that tritiated 
oestradiol is taken up into many noradrenergic cell bodies in the 
brain stem’', which suggests a more direct relationship may exist 
between hormones which alter behaviour or pituitary secretion 
and this part of the noradrenergic pathway. 








Fig.2 Representative photomicrographsof electrolytic lesions of 
the VNAB (a) and the site of injection of 6-OHDA (4) which 
resulted in neurotoxic lesion of VNAB. In a the maximum dorsal- 
ventral extent of the lesion is shown, high power examination 
revealed necrosis and glial infiltration medial to the macroscopic 
lesion site. In b small glial scars can be seer (arrows) which indicate 
the site of descent of the micro-cannulae through which 6~OHDA 
was injected at depth X. No gross damage around the injection sites 
can be seen indicating that nonspecific effects of the injection were 
minimal. The neurochemical consequences of these lesions are 
shown in Table 1. 


We suggest that ascending noradrenergic neurones carried in 
the ventral noradrenergic bundle and distributed to sub-cortical 
(hypothalamic and limbic) areas of she brain, may be an 
important pathway by which tactile information generated dur- 
ing sexual interaction modulates both behaviour and pituitary 
function. It becomes important to define, therefore, those sites 
in the brain where noradrenergic neurenes exert these effects. 
Our preliminary evidence suggests that zhey may depend on the 
subsequent modulation of dopaminergic mechanisms: thus the 
switch from active to passive (proceptiv: to receptive) elements 
of the female’s behaviour may be achieved by a corresponding, 
somatosensory-induced switch (decrease) in dopaminergic 
activity’? mediated by the ventral roradrenergic pathway. 
Similar mechanisms may also underlie 2oitus (somatosensory)- 
induced prolactin secretion, particularly since this hormone (as 
well as lordosis) is under inhibitory dopaminergic control ™*, 
Furthermore, it is possible that these sub-cortically projecting 
noradrenaline-containing neurones may be involved in the 
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transmission of somatosensory information in contexts wider 
than those reported here. 
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Patients with multiple sclerosis commonly complain of tingling 
and ether sensory disturbances which may occur spontaneously 
or in response to movement. These symptoms are associated 
with plaques of demyelination in the corresponding sensory 
pathways but the physiological abnormalities underlying the 
symptoms are not understood. We have examined sensory fibres 
traversing a central demyelinated lesion resembling that of 
multiple sclerosis for evidence of activity which could account 
for the symptoms. We present here evidence for the existence of 
spontaneously and mechanically induced trains of action poten- 
tials propagating in both directions from the lesion. 

Lesions were induced under anaesthesia (Saffan, Glaxo) in 
nine cats by the direct microinjection of lysophosphatidyl- 
choline (LPC) into the dorsal column between L, and L; (ref. 1). 
The cats were reanaesthetized 7 to 14 days later, given atropine 
(300 wg) and rigidly held in a stereotactic frame. A laminectomy 
was performed from T, to Ly. Skin flaps were raised to form a 
recording paraffin pool, maintained at 37 + 0.5 °C. Dorsal root- 
lets caudal and rostral to the lesion were isolated and raised on 
recording electrodes connected via unity gain cathode followers 
to differential preamplifiers. The data were processed using a 
smal! laboratory computer (Biomac 1000; Data Laboratories). 
The lesions were examined histologically. 

Many of the rootlets caudal to the lesion in each of the cats 
contained spontaneously active units firing with fairly steady 
frequencies of between 15 and 45 impulses per second (Fig. la ). 
Some spontaneously active units fired in bursts with, for exam- 
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Fig. 1 a and b, Differential recordings of a steady (a) and a 
bursting (b) spontaneously active unit isolated in a teased dorsal 
root filament, caudal to the lesion, 14 days after LPC injection. c, 
Shows the firing rate of a steadily discharging, mechanosensitive 
unit recorded from a caudal dorsal root, 8 days after the injection of 
LPC. The bar marks the duration of a 0.75 mm compression of the 
lesion with a glass rod. d and e, Averaged records (m = 4,096) of the 
same spontaneously active unit, 14 days after LPC injection. 
Recordings were made 16mm (d} and 6mm (e) rostral to the 
lesion (conduction velocity=30ms '). The averager was tri- 
ggered from the antidromic spikes of the unit in a teased dorsal root 
filament caudal to the lesion. The recordings were made with an 
imposed delay of 2 ms. 


ple groups of about 5 impulses at 110 Hz separated by intervals 
of approximately 0.1 s (Fig. 15). This pattern of firing bears a 
striking resemblance to that of the motor discharges associated 
with myokymia in multiple sclerosis’. 

Small deformations (<1 mm) of the dorsal columns with a 
glass rod at the site of the lesion increased the firing rate of the 
spontaneously active units (Fig. 1c) and frequently recruited 
firing in units which were previously silent. The firing evoked by 
sustained deformations typically consisted of a phasic burst of 
activity followed by a slower, tonic discharge which subsided 
over about 30s. Since the resting discharge pattern was not 
altered by comparable deformations of the dorsal column 
remote from the lesion, we conclude that the impulses were 
generated at the lesion in fibres which were unusually 
mechanosensitive. Tingling sensations, however, are likely to 
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depend on impulses ascending the dorsal columns and it was 
therefore necessary to establish the existence of abnormal 
centripetal as well as centrifugal activity. The difficulty of dis- 
tinguishing abnormal from normal ascending activity in the 
dorsal columns was overcome by the use of spike-triggered 
averaging’ (n = 128-16,284) and the demonstration that, in 
some fibres, the descending impulses were time-locked to 
ascending impulses (see Fig. 1d, e). The averager was triggered 
from activity in a single nerve fibre isolated in the central end of a 
severed dorsal root caudal to the lesion. The input to the 
averager was connected to an uninsulated platinum wire which 
was inserted into the dorsal column rostral to the lesion using a 
micro-manipulator. A delay line (Mullard TDA 1022) was 
incorporated in the recording circuit when required. Of the 15 
fibres examined with this recording arrangement we were able to 
find three in which there was clear evidence of synchronized 
trains of action potentials above and below the lesion. Two of 
the three fibres had quite steady firing frequencies for many 
hours and the other fibres fired in bursts. The relative latencies 
of the ascending and descending spontaneous action potentials 
established that they arose in the lesion. The fibres were also 
unusually mechanically sensitive at this site. In one fibre it was 
possible to determine the conduction velocity by recording the 
ascending action potential at two locations rostral to the lesion 
(Fig. 1d, e). From this measurement it was possible to determine 
the approximate site of origin of the impulses and this fell within 
the lesion. 

The mechanism of origin of the time-locked ascending and 
descending impulses is uncertain. The simplest explanation is 
that they arose within the lesion in fibres with intact axons but 
abnormal myelin sheaths. Ectopic activity is known to occur in 
congenitally dysmyelinated axons’. It is, however, possible that 
the ascending impulses arose in surviving fibres by ephaptic 
excitation from spontaneous activity in adjacent severed fibres. 
Severed fibres exist in the LPC lesion at 14 d', as they do in the 
lesion of multiple sclerosis’ and are known to generate spon- 
taneous activity whether cut centrally (our unpublished obser- 
vations) or peripherally®. Ephaptic cross-activation has been 
reported in congenitally dysmyelinated spinal roots of dystro- 
phic mice*. Whether demyelinated, but previously normal nerve 
fibres can be similarly excited remains to be determined. 

The present experiments provide clear evidence of spon- 
taneous and mechanically induced trains of action potentials 
arising in a central demyelinating lesion and propagating in both 
directions from the lesion. We think it likely that such abnormal 
activity contributes to some of the sensory symptoms of human 
disease associated with comparable lesions. For example, many 
patients with multiple sclerosis or compressive lesions of the 
cervical spinal cord experience transient paraesthesiae on neck 
flexion. During this manoeuvre the cervical spine changes in 
length by several centimetres’ and we have shown that much 
smaller deformations (<1 mm) can initiate transient abnormal! 
discharges of a duration similar to that of the paraesthesiae. 
Length changes also occur in the optic nerve during eye move- 
ments and in patients with demyelinating optic neuritis such 
movements are sometimes associated with the perception of 
flashes of light”. The long-sustained, resting spontaneous dis- 
charges similarly provide a sufficient explanation for the 
continuous paraesthesiae often experienced during acute 
relapses of multiple sclerosis. 
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The central terminals of small diameter primary sensory 
neurones associated with the transmission of noxious cutaneous 
stimuli are located predominantly in the superficial dorsal horn 
of the spinal cord'™. Some of these neurones synthesize 
substance P (ref. 4) and transport this peptide to their central 
and peripheral terminals~’. Substance P is released from the 
dorsal horn in vitro following potassium depolarization®”’; from 
spinal cord after electrical stimulation of dorsal roots” and from 
dissociated sensory neurones grown in culture’. The ion- 
tophoretic application of substance P produces a long-lasting 
excitation of dorsal horn neurones that are also excited by 
noxious cutaneous stimuli'’"'*. One population of opiate recep- 
tors in the dorsal horn seems to be located on primary afferent 
terminals'*’°; the release of substance P from primary sensory 
neurones is inhibited by opiates in vitro*'’. At present, 
however, there is no direct evidence that substance P is released 
from sensory neurones, in vivo, following activation of nocicep- 
tive afferents. We report here that substance P-like 
immunoreactivity is released from the mammalian spinal cord, 
in vivo, following chemical stimulation of sensory neurones with 
capsaicin and by the activation of high threshold peripheral 
afferents. Furthermore, release of substance P evoked by high 
intensity stimuli is completely inhibited by intrathecal 
morphine. 

Experiments were performed on rats and cats, anaesthetized 
with chloralose—urethane and placed in a stereotaxic frame. A 
length of PE-10 polyethylene tubing, serving as an inflow 
cannula, was inserted into the subarachnoid space, via the 
cisterna magna, to the caudal region of the lumbar enlarge- 
ment'’. The spinal cord was superfused at 100 ul min` with 
artificial cerebrospinal fluid (CSF) containing bovine serum 
albumin (120 ag ml~’) and bacitracin (30 wg ml! in rats and 
300 wg ml’ in cats). In rats, superfusate was withdrawn with a 
push-pull syringe pump through a second cannula, placed in the 
cisterna magna. Superfusate from cat spinal cord was removed 
with a PE-90 cannula, inserted concentrically over the PE-10 
cannula to the rostral region of the lumbar enlargement. 
Samples were collected at 10-min intervals in rats and 30-min 
intervals in cats. 

After superfusion of the rat spinal cord in the absence of any 
evoking stimulus, the levels of substance P released were too low 
for reliable measurement in most experiments (<5 fmol per 
10 min). Superfusion of the spinal cord with potassium chloride 
(40 mM) resulted in the release of 78+9 fmol (mean <s.e.m.: 
n = 4) substance P during the 10-min collection period. In the 
fraction following potassium stimulation, release of substance 
P returned to basal levels. Addition of 20mM cobalt to 
the superfusing medium prevented the evoked release of 
substance P, 
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In the cat it was possible to detect a significant release of 
substance P from the spinal cord in the absence of any evoking 
stimulus: 7-15 fmol were measured in each 30-min collection 
period with very little variation during the course of an experi- 
ment (Fig. 1). To examine whether substance P is released from 
the spinal cord following activation of specific afferent fibre 
populations, we stimulated the cat sciatic nerve bilaterally, while 
superfusing segments of the spinal cord receiving sensory input 
from the sciatic nerve. During stimulation, the compound action 
potential was monitored to determine the stimulus intensity 
required to activate Aaß fibres alone, and that required to 
recruit Ad and C fibres. At stimulus intensities sufficient to 
recruit only low threshold Aa@ afferents, there was no measur- 
able increase in the release of substance P (Fig. 1). The col- 
laterals of large myelinated fibres that are activated by low 
intensity stimuli terminate with deeper laminae of the dorsal 
horn. Thus, by superfusing the surface of the spinal cord, we 
cannot exclude that substance P is actually released from those 
terminals, but cannot diffuse into the spinal superfusate. 
Increasing the stimulus intensity to activate Ad and C fibres 


Time {h} 


aa 


Praaloxone 


Substance P (fmol per fraction) 





Aap Ad-C ASC ASC CAP 


Fig. 1 Release of substance P from superfused cat spinal cord in 
response to sciatic nerve stimulation and capsaicin. Cats were 
anaesthetized with chloralose—urethane (100 mg per kg) and pre- 
pared with a tracheal tube and jugular and carotid catheters. An 
incision was made in the cisterna magna and the perfusion cannula 
was inserted after retraction of the arachnoid layer. The perfusion 
cannula consisted of a length of polyethylene PE-90 (1.0 mm outer 
diameter) tubing through which was passed a length of poly- 
ethylene PE-10 tubing. The PE-10 served as inflow cannula while 
the PE-90 was used as collection cannula. Both cannulae were 
inserted through the retracted incision in the cisterna membrane 
37-40 cm down the spinal cord (upper sacral region) and the PE-90 
cannula was then retracted 10 cm. Perfusion was therefore local- 
ized to the upper sacral and lumbar spinal cord. The position of the 
inflow and outflow cannulae was determined by X rays after 
infusion of radio-opaque dye. The sciatic nerve was exposed and 
prepared for stimulation and recording of the compound action 
potential. Stimulation of the nerve was performed with rectangular 
pulses (3-4 V, 0.05 ms, 50 Hz for activation of Aa and AB fibres 
and 40-50 V, 0.05 ms, 50 Hz for recruitment of Aé and C fibres). 
Superfusate in all experiments consisted of NaCl, 151.1 mM; KC1, 
2.6 mM; MgSO,, 0.9 mM; CaCh, 1.3mM; NaHCQs, 21.0 mM; 
K,HPO,; 2.5mM, gassed with 95% 02 and 5% CO, before 
perfusion. Perfusion samples (3 ml) were collected into glacial 
acetic acid (final concentration of 2 N) and immediately frozen and 
lyophilized. Samples were reconstituted in 1.0 ml assay buffer, 
neutralized and aliquots of each fraction were used to determine 
the content of substance P, by radioimmunoassay, using antibody 
R6P with a sensitivity of 1.5 fmol per assay tube**. Serial dilutions 
of synthetic substance P and immunoreactivity in superfusate 
samples produced parallel dilution curves. Each value is the 
meant s.e.m. from four separate experiments. 


produced a 4:-9+0-6 fold (meants.e.m.; n =4) increase in 


values. 

We have also examined whether.the spinal application of 
morphine at concentrations known to elicit analgesia’? can 
affect substance P release from cat spinal cord in vivo. Following 
superfusion with 5x 10°*M morphine sulphate (equivalent to 
427.5 wg morphine base superfused over a 30-min period), the 
resting release of substance P was substantially decreased, in two 
animals to levels below the sensitivity of the assay (Fig. 1). 
Furthermore, bilateral stimulation of the sciatic nerve at 
intensities that clearly caused the release of substance P before 
the addition of morphine now failed to increase the release of 
substance P (Fig. 1). Following intraperitoneal injection of 
naloxone hydrochloride (1 mg per kg), stimulation of the sctatic 
nerve at the same intensity in the continued presence of intra- 
thecal morphine, fully restored the evoked release of substance 
P (Fig. 1). 

Peripheral application of the homovanillic acid derivative, 
capsaicin, produces a severe burning pain’? that reflects the 
activation of C fibres in sensory nerves’. Subcutaneous 
administration of capsaicin to neonatal rats results in the 
degeneration of small sensory neurones’, some of which 
contain substance P”. 

Capsaicin also depletes substance P from the dorsal horn of 
adult rats’***. Administration of capsaicin directly onto the 
spinal cord, in vitro, causes a calcium-dependent release of 
substarfce P”*”. In the present experiments, superfusion of the 
cat spinal cord with 3x 10°*M capsaicin produced a greater 
than tenfold increase in the release of substance P (5 experi- 
ments, Fig. 1). The actions of capsaicin in the spinal cord seem to 
be restricted to nociceptive primary sensory neurones”, Thus, 
the demonstration of a capsaicin-evoked release of substance P 
from cat spinal cord, in vivo, provides further evidence that 
substance P may be involved in the transmission of noxious 
peripheral stimuli. 

Our results with sciatic nerve stimulation provide direct evi- 
dence that substance P is released from mammalian spinal cord 
in vivo by activating nociceptive sensory afferents. The nalox- 
one-reversible inhibition of substance P release by morphine 
applied directly to the spinal cord at concentrations known to 
elicit analgesia, may represent one substrate for the direct spinal 
analgesic actions of the opiates'*. The opiate inhibition of 
substance P release reported by Mudge et al.'' is a direct effect 
on sensory neurones. These authors also found that enkephalin 
could inhibit calcium influx into cultured sensory neurones by 
modulating voltage-sensitive channels and suggested that 
inhibition of substance P release from terminals could be medi- 
ated by the same mechanism. 

The precise relationship between enkephalin and substance 
P-containing neuronal elements in the dorsal horn is still 
unclear. Substance P is highly concentrated within lamina I of 
the dorsal horn, where primary afferent terminals are rarely 
postsynaptic in axo-axonal contacts’. Furthermore, although 
there are a variety of enkephalin-containing elements within the 
superficial dorsal horn*’”’° few of these seem to contribute to 
axo-axonal contacts with primary afferents*’. It remains to be 
seen if other neurotransmitters present in the dorsal horn that 
can elicit direct spinal analgesia??? also inhibit the release of 
substance P in vivo. 
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Dopamine receptors in intracerebral motor and endocrine 
systems” have been divided into two main types, D-1 and D-2, 
dependent on the presence or absence of adenylate cyclase 
linkage*. Here we have investigated a number of dopamine 
agonist and antagonist drugs in man that have different actions 
on D-1 and D-2 receptors in animals. Motor and endocrine 
effects in parkinsonian subjects seem to depend on drug inter- 
action with D-2, but not D-1, receptors. These results may have 
important implications for the design of anti-parkinsonian and 
antipsychotic agents. 

Many dopamine agonists and antagonists have selective 
actions on D-1 and D-2 systems, as determined by adenylate 
cyclase stimulation” and membrane binding studies’, but 
examination of possible differences in motor, hormonal and 
other behavioural effects of these compounds in man has proved 
difficult because of individual variations in drug pharmacok- 
inetics and the response'’. Despite these problems, we have 
attempted to establish the magnitude of the motor, growth 
hormone and prolactin responses to known plasma levels of 
levodopa and the dopamine-like ergot derivatives, bromo- 
criptine and lisuride''’*, Dopamine in low concentration is an 
agonist at D-2, and in higher concentration at D-1 receptor 
sites'*, but the ergot derivatives which act as agonists at D-2 
receptors in micromolar concentrations have antagonist actions 
in nanomolar concentrations on striatal D-1 receptors'*'*, We 
have also studied the effects of pimozide, a non-selective 
dopamine receptor antagonist'®, cis-flupenthixol, an effective 
antipsychotic with D-1 antagonist effects on the striatum*””, 
(blockade of adenyl cyclase activity shows a linear relationship 
with °H-cis-flupenthixol binding in striatal tissue), and the D-2 
antagonists metoclopramide, sulpiride, oxiperomide and 
tiapride'*, on levodopa-stimulated motor and hormonal 
changes. These drugs were given to subjects with Parkinson’s 
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Fig. 1 Peak plasma dopa (umol 17°) or bromocriptine { ug 17!) 
level, peak percentage reduction in parkmnsonian disability score 
(score units), and peak elevation of plasma growth hormone level 
(ng m`’) after single oral doses of levodopa (1 g) or bromocriptine 
(12.5-100 mg) in subjects with parkinsonism. With dopa, rela- 
tionship between plasma drug level, motor and growth hormone 
effect; r=0.69, P<0.01, n= 18 and r=0-50, P<0-08, n= 27, 
respectively; and with bromocriptine, r= 0.50, P<0.05, n= 20 


PY 


and r= (0.10, not significant, n = 7. 


disease, in which dopamine sensitive adenylate cyclase activity is 
reduced by at least 50% (ref. 19), although the number of D-2 
receptor sites in the striatum is increased, as determined by 
“H-haloperidol binding’®. Following levodopa treatment, 
specific “H-spiperone binding approaches normal values”. 
Receptor changes and the loss of presynaptic neurones must 
influence the motor response to levodopa in parkinsonism: for 
instance, normal subjects do not readily develop levodopa 
dyskinesias”’. Pituitary and hypothalamic dopamine receptor 
assays have not been reported in parkinsonian patients, but 
prolactin and growth hormone responses to levodopa are similar 
to those in age- and sex-matched normal controls”, 
Levodopa, bromocriptine and lisuride caused dose-depen- 
dent improvement in tremor, akinesia and rigidity, together with 
dyskinesias, a rise in growth hormone level and a fall in prolactin 
level in most subjects. Emesis, visual and auditory hallucinosis 
and delusions occurred with each drug. Bromocriptine and 
lisuride, but not levodopa, occasionally induced sleep. Systolic 
and diastolic erect and supine blood pressure fell by 10-20 mm 
Hg following levodopa, 1 g orally (p.o.). bromocriptine, 100 mg 
p-o., and lisuride, 0.01 mg intravenously (i.v.}. Neither the 
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Table 1 Timing and duration of response to dopamine agorists 


Peak 
` Peak plasma Peak 
drug Peak growth plasma 
plasma therapeutic hormone prolactin 
level effect elevation depression 
(min) imin} imin) (min) 
Levodopa, ig p.o. 80 90 (180) 90 (120) 45 (150) 
Bromocriptine, 100 1301480) = 170 (120) 60 (480) 
100 mg p.o. 
Lisuride, O.15mg — 30 (120) 45 (120) 60 (240) 


i.v. 
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Values are means after single doses of levodopa, bromocriptine and 

lisuride in a subject with Parkinson's disease. The total duration of each 

response is shown in parentheses. 





Sirana ent 


©) 1980 Macmillan Journals Lid 


158 Nature Vol. 286 10 July 1980 





Table 2 Effect of levodopa, bromocriptine and lisuride in Parkinson’s disease, and of antipsychotic drugs on levodopa-mediated endocrine changes 


| Serre rr rete trae A merni AN RNA AYN HAMAD COMAPI AD rel Ki rarer 


Mean peak Parkinsonism 
plasma reduction Dyskinesia Prolactin 
levodopa in mean Growth hormone fall in 
No. of level disability dyskinesia rise in plasma plasma 
patients (umol 17’) score score level (ng ml `) level (%) 
Levodopa, 1 g p.o. (18) 4.51 3144 4+2 2043 41+10 
Bromocriptine 100 mg p.o. (4) — 37+8 TEA 6+4* 41+11 
Lisuride, 0.15 mg i.v. (4) = 255 i+] 22+8 43411 
Levodopa, 1 g and pretreatment 
with 
antagonists at stated intervals: 
Metoclopramide, 60 mg p.o. th (14) 5.121 21+5 241 61t 481S 
Pimozide, 6 mg p.o., 1h (11) 4.4+i 13247 1+1 i525 
Tiapride, 200 mg p.o., 1 h (2) 5241 2644 1+1 16+8 55 
Oxiperomide, 10 mg p.o. 1 h (3) 4.942 2145 1+] 24245 46412 
cis-flupenthixol, 3 mg p.o. 4h (5) — 173 0 20+3 76+6 
Sulpiride, 400 mg p.o. 2h (5) — 14427 Q 241% 50+7 
Placebo (sulpiride), p.o. 2 h (5) — 3124 2 18+3 62+ 12 





Mean (+s.e.m.) peak motor and hormonal changes after single doses of dopamine agonists, and after single doses of levodopa, 1 g p.o. preceded at 
the stated intervals by a range of antipsychotic drugs are shown. Motor responses: peak reduction in parkinsonian disability score and peak dyskinesia 
score (both King’s College Hospital rating scales) are shown, Hormonal responses: peak increase in plasma growth hormone level (ng per ml) and peak 
reduction in plasma prolactin level (maximum percentage fall from basal level in case of agonists, and from peak stimulated level in case of antagonists} 


are shown. All observations are over a 4-h period. 


* Rise after bromocriptine less than after levodopa or lisuride (P < 0.05 in each case, Student's t-test). 
+ Reduction in anti-parkinsonian effect after pimozide, and in growth hormone peak after metoclopramide, compared with levodopa alone 


(P <0.01 in each case, Student’s t-test). 


+ Reduction in anti-parkinsonian effect and growth hormone peak after sulpiride compared with levodopa and placebo (P < 0.025, Wilcoxon’s 


signed rank test). 


motor nor the hormonal responses were biphasic, that is, 
deterioration in parkinsonism did not precede improvement, 
and elevation of prolactin level or depression of growth 
hormone level did not precede the opposite effect. Peak motor 
and hormonal responses were simultaneous with peak plasma 
levels of each drug, although each compound had a different 
pharmacokinetic profile (Table 1). In equipotent anti-parkin- 
sonian doses, the peak rise in plasma growth hormone level with 
levodopa (20+3ng ml™') and lisuride (22+6 ng ml”') was 
greater than with bromocriptine (6+3 mg ml™'); P<0.05 in 
each case. 

The dopamine antagonist drugs had comparable motor and 
hormonal effects (Table 2). Sulpiride (400 mg) and pimozide (6 
mg) were most active, and tiapride (200 mg) and oxiperomide 
(10 mg) were least active in producing antagonism of levodopa- 
induced motor and hormonal responses. All antagonists caused 
hyperprolactinaemia, and prolactin levels subsequently fell 
following levodopa (1 g). All antagonists reduced the severity of 
levodopa-induced dyskinesias, but also reduced the therapeutic 
effect of levodopa, with the exception of tiapride (200 mg) and 
oxiperomide (10 mg). No antagonist prevented the hypotensive 
action of levodopa. 

The motor, endocrine and behavioural effects of levodopa, 
bromocriptine and lisuride in Parkinson’s disease are thus very 
similar despite the different effects of these drugs on D-1 and 
D-2 receptors in animal models. The low peak plasma growth 
hormone response to bromocriptine compared to equipotent 
anti-parkinsonian doses of levodopa or lisuride may be due to 
the action of bromocriptine as a weak noradrenergic 
antagonist”. However, lisuride has similar adrenergic effects to 
bromocriptine’. 

In animal tissues, bromocriptine has dose-dependent 
antagonist or agonist effects on D-1 receptors, and in 
behavioural studies causes reduced exploratory activity before 
motor activation’*. These changes have been attributed to 
separate pre- and post synaptic effects of bromocriptine’, but a 
dual response with motor and hormonal inhibition at low plasma 
levels, and stimulation at high levels, is not evident in Parkin- 
son’s disease. However, bromocriptine may act as a partial 
rather than a complete agonist in the motor system, as clinical 
improvement with very high plasma bromocriptine levels is not 
always as great as that accompanying lower levels”. 








As with dopamine agonists, there are no distinctions between 
the actions of selective D-2 and non-selective D-1 and D-2 
receptor antagonists in parkinsonism, apart from differences in 
potency. Metoclopramide and pimozide are both competitive 
antagonists to the anti-parkinsonian and growth hormone-ele- 
vating actions of levodopa, despite different effects on striatal 
D-1 and D-2 systems, and the other D-2 antagonists also block 
these responses. Oxiperomide and tiapride prevent levodopa- 
induced stereotypies but not motor hyperactivity in rodents”®, 
and in critical dosage have specific antidyskinetic effect in 
parkinsonism without impairing the therapeutic action of 
levodopa”, although the apparent selectivity of these drugs has 
not been satisfactorily explained. 

The motor and endocrine effects of levodopa, bromocriptine, 
lisuride and also of different dopamine antagonists in parkin- 
sonism can be attributed to the effects of these drugs on D-2 
non-adenylate cyclase linked receptors. The physiological 
significance of the dopamine-sensitive adenylate cyclase is 
obscure. Phosphodiesterase inhibitors—including caffeine and 
oxpentifylline—given to retard the breakdown of cyclic AMP 
have little or no therapeutic effect in parkinsonism**. Hormonal 
responses to dopamine in peripheral tissues, as shown for 
example by the release of parathormone from the parathyroid, 
are mediated by dopamine-stimulated increase in intracellular 
cyclic AMP” and cyclic AMP can mimic the hyperpolarizing 
effect of dopamine when applied directly to ganglionic 
neurones*’. However, prolactin suppression by dopamine in 
pituitary cells does not involve adenylate cyclase mechanisms’ ”. 
The presence of this enzyme in striatal neurones may be more 
important in determining the intracellular rather than the elec- 
trophysiologically significant membrane response to dopamine. 
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Adrenergic receptors were first classified into two classes—a 
and 8—on the basis of the relative pharmacological potencies of 
agonist compounds’, and this classification has been supported 
by subsequent studies. In some tissues, such as the heart and 
liver’, they exert similar physiological responses, and in other 
tissues, such as the uterus and vasculature, they have opposing 
roles**. The occurrence of both classes of receptor in the same 
tissue leads to the problem of what determines whether the 
overall response observed is a-type or B-type, as adrenaline and 
noradrenaline bind to both receptor classes. Furthermore, direct 
binding studies have demonstrated that the two receptor classes 
are distinct and separate entities®. We show here that stimula- 
tion of a-receptors in renal membranes causes a specific 
decrease in the affinity of the agonist compound isoprenaline for 
B-receptors in the same membranes. This demonstrates that 
interactions occur between renal a- and 8-adrenergic receptors. 
Such interactions may modulate the response of the kidney to 
sympathetic stimulation. 

Adult Sprague-Dawley rats were killed by cervical dis- 
location. Kidneys were removed immediately and homogenized 
in 0.25M_ sucrose in buffer (50mM_ Tris-HCl, pH 8.1, 
10 mM MgSO,). The homogenate was centrifuged twice at 
2,000g for 5 min and the final supernatant was centrifuged at 
30,000g for 15 min. The pellet was washed three times with 
buffer and finally resuspended in buffer at a protein concen- 
tration of 5-10 mg ml~'. Binding studies were carried out as 
described in detail elsewhere’. Renal membranes (0.1 ml) were 
incubated with 5nM °*H-dihydroalprenolol @H-DHA, Searle 
Nucleonics) in a final volume of 0.5 ml in 50 mM Tris-HCl, pH 
8.1, 10 mM MgSO,, 10°* M pyrocatechol and 0.1% ascorbic 
acid. Incubation was carried out at 37°C for 10 min and was 
_ terminated by filtration through Whatman GF/C glass fibre 
filters. The filters were washed with 10 ml ice-cold buffer. 
Specific binding was defined as binding displaceable by 1075 M 
-isoprenaline and constituted 60-70% of the total binding at 
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5nM *H-DHA. The characteristics of “H-DHA binding sites 
in these conditions were those expected of @-receptor binding 
and have been described in detail elsewhere’. The relative 
potencies of adrenergic agonists in competing for 
binding were isoprenaline > (—)adrenaine = noradrenaline > 
(+)adrenaline = dopamine. (—}Proprano.ol was 100 times more 
potent than (+)propranolol. The a-adrenergic agents phenyl- 
ephrine and phentolamine competed for binding only at 
concentrations greater than 10°°M. No competition for °H- 
DHA binding by clonidine was observed at concentrations up to 
1074 M. Renal membranes contained 33 = 3 (s.e.m.) fmol per mg 
of B-receptors, measured by “H-DHA binding. The affinity of 
the receptors for “H-DHA was 1.5+0.4nM (n =6). Receptor 
concentration and affinity were calculated by Scatchard 
analysis’. 

The affinity of the B-adrenergic agonist isoprenaline for renal 
B-receptors measured in competition experiments with °H- 
DHA was decreased in the presence of 107° M clonidine from 
72+4nM to 185+20nM (average of 10 experiments; P< 
0.005) (Fig. 1). This effect of clonidine was specific for agonists 
as clonidine had no effect on the affinity of the antagonist 
propranolol for the same membrane receptors (Fig. 1). 
Similarly, clonidine had no effect on “H-DHA binding in the 
absence of isoprenaline. *“H-DHA bound in the presence of 
10°°M clonidine was 96% +4.4 of controls containing no 
clonidine. The addition of clonidine also caused a change in the 
Hill coefficient calculated from the isoprenaline displacement 
curves. In the presence of 10~° M clonidine, the Hill coefficient 
increased from 0.75+0.05 to 1.04+0.05 (average of 10 
experiments; P<0.005). A Hill coefficient of less than one 
indicates either multiple classes of birding sites or negative 
cooperativity. K; values measured in such conditions represent 
the average isoprenaline affinity at 59% of maximum iso- 
prenaline binding. 

The reduction of 8-adrenergic agonist affinity was found to be 
a specific a-adrenergic receptor-mediated effect. The effect of 
clonidine was concentration dependen: and was maximal at 
10°°-10°’ M. A decreased isoprenaline affinity was observed 
with clonidine concentrations as low as 10°°M (Table 1). 
Moreover, the effect was due to the a-acrenergic agonist action 
of clonidine, as a similar reduction in isoprenaline affinity 
occurred with another a-agonist compound, phenylephrine. 
The a-adrenergic antagonist phentolamine antagonized the 
effect of clonidine (Table 1). Phentolamine alone had no effect 
on isoprenaline affinity. 

In many different tissue preparatiogs, the affinities of 6- 
receptors for agonist compounds are decreased in the presence 





Table 1 Modulation of isoprenaline affiniiy for renal 8-adrenergic 





receptors 
K; isoprenaline Noa. of 
Additions (nM) experiments 
None 7224 10 
10°°M Clonidine _ 185 20° 10 
1077M Clonidine “ 1764311 4 
10°°M Clonidine 172411 4 
10°°M Clonidine 1124157 4 
10°°M Phenylephrine 2104424 4 
10°°M Clonidine plus 105488 4 
10°°M phentolamine 

10°*M GTP 245+ 124 4 
10°*M GTP plus 215431§ 4 


10°°M clonidine 





Values are mean +s.e.m. P values were calculated using a paired 
t-test. Ky values were calculated using the formula: K; = soi + L/ Ki) 
where Is is the concentration of the drug causing 50% inhibition of 
binding. L and Ky, are, respectively, the cencentration and the dis- 
sociation constant of the 7H-DHA. 

*P<0.005 relative to controls; t P<0.925 relative to controls: 
t P<0.01 relative to controls; § P< 0.05 relative to 10°°M clonidine: 
§ NS relative to 10°*M GTP. 
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Fig. 1 Effect of clonidine on the affinities of isoprenaline and 
propranolol for rat kidney §-receptors. 3H-Dihydroalprenolo! 
(5 nM) was incubated with renal membranes in the presence of 
increasing concentrations of isoprenaline or propranolol and the 
percentage of control specific binding was determined. A typical 
experiment is shown. Average values of isoprenaline affinity (Kz) 
in the presence and absence of clonidine in 10 experiments are 
given in Table 1. O, Isoprenaline; @, isoprenaline and 10 °M 
clonidine; A, propranolol; A, propranolol and 10°°M clonidine. 


of GTP and certain GTP analogues’. In rat kidney membranes 
isoprenaline affinity was reduced by 10™* M GTP. The effects of 
clonidine and GTP were not additive, for in the presence of 10™° 
GTP, clonidine (10° M) did not further reduce isoprenaline 
affinity (Table 1). 

There are marked differences in the characteristics of agonist 
and antagonist binding’®’'. Receptor affinity for antagonists 
remains remarkably constant and the Hill coefficient for 
antagonist binding is generally close to 1.0, indicating a single 
class of non-interacting binding sites. The Hill coefficient for 
agonist binding is generally less than 1.0. Also, agonist affinity 
can be modulated by a variety of agents including guanyl 
nucleotides’, Mg**ion’? and cholinergic agonists’*. In general, 
these factors are thought to influence the apparent binding 
affinity of agonists through a primary effect on adenylate cyclase 
or the coupling mechanism between receptor and cyclase”; 
renal a-adrenergic receptors inhibit adenylate cyclase’*. It is 
likely that the observed reduction of -adrenergic agonist 
affinity in renal membranes by a-adrenergic agonists is also 
related to an effect on adenylate cyclase. 

The kidney contains a functionally heterogeneous population 
of B-receptors. Although there is little direct evidence, both a- 
and B-receptors are thought to be present in the renal vascula- 
ture’® on the juxtaglomerular cells’”'* and B-receptors have 
been demonstrated on renal tubules’’. The observed interaction 
between œ- and #-receptors in renal membranes probably 
occurs in only one of these functional groups. This may explain 
why the observed shift in isoprenaline affinity is small compared 
with that caused by GTP in other tissues”’’. However, the lack 
of any additive effect of clonidine and GTP suggests that these 
two agents influence the same receptor population. This inter- 
action between a- and B-receptors seems to be specific to the 
kidney, as we have been unable to demonstrate any effect of 
clonidine on isoprenaline affinity in cardiac membranes. 

This work was supported by grants from the Life Insurance 
Medical Research Fund of Australia and the National Heart 
Foundation of Australia. We thank Ms C. Olssen for technical 
assistance. 
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Attention has recently focused on the possible biological roles of 
peptides related to 6-lipotropin (@-LPH)'’. In particular, 
observations suggest that certain peptide fragments derivable 
from B-LPH, including y-endorphin (@-LPH,,_77) and a- 
endorphin (8-LPH¢,1_1<), may be involved in various modes of 
behavioural adaptation’’. Structure~activity studies on 
behavioural actions of y-endorphin, an opioid peptide, revealed 
that the omission of N-terminal tyrosine resulted in a non-opioid 
peptide, des-Tyr-y-endorphin, which exhibited greater 
behavioural activity than y-endorphin’. Subsequent biochemi- 
cal studies provided evidence for the association with brain 
synaptic plasma membranes of peptidase activities which could 
produce y- and a-endorphins and their des-Tyr derivatives 
from exogenous f -endorphin*. This and earlier observations* © 
suggest that regulatory physiological events are focused on the 
N-terminal tyrosine residue; enzymatic reactions exerted at this 
residue are thus of great interest. We recently purified to 
homogeneity an aminopeptidase from bovine brain which 
catalyses the hydrolysis of Met- or Leu*-enkephalin by 
sequential release of amino acids from the amino terminus of the 
enkephalin molecule’. The ability of this enzyme, purified from 
bovine’, monkey’ or rat’ brain, to use endorphins as substrates 
has not been previously examined. We now present quantitative 
studies which show that homogeneous bovine brain enkephalin 
aminopeptidase catalyses the hydrolysis of the N-terminal 
tyrosine from y-, œ- and -endorphins with substantial 
turnover numbers and yields only the des-T yr derivatives. These 
results suggest that this enzyme may be involved in regulating 
the concentrations of opioid- and opioid-derived biologically 
active peptides in the brain. 

We incubated homogeneous bovine brain aminopeptidase, 
previously shown to catalyse the hydrolysis of Met*- and Leu’- 
enkephalins’ (Km = 22 pM, Vmnax= 20 pmol per min per mg 
enzyme for the Tyr'-Gly’ bond), with synthetic a-, B- and 
y-endorphins, and compared their hydrolysis with that of Met*- 
enkephalin in the same experimental conditions by subjecting 
aliquots of the incubation mixtures to amino acid analysis at 
various times of incubation. All the commercial synthetic 
peptides were tested before use by HPLC and amino acid 
analysis and judged to be pure. The enzymatic digestions were 
carried out in incubation conditions in which linear rates of 
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Fig. 1 Release of tyrosine from Met°-enkephalin and a-, 

B-, and y-endorphin catalysed by bovine brain amino- 12 
peptidase. Reaction mixtures containing 50 mM Tris-HCI 

buffer, pH 7.4, 0.5 mM substrate (Peninsula) and bovine 

brain aminopeptidase in a total volume, of 150 pl were g 
incubated at 37°C. At the time points indicated, a 35-pl 

aliquot was withdrawn, diluted to 0.5 ml with water and 

boiled for 1 min. The boiled solution was filtered through a 

0.45-ym Millipore filter, washed with 1.5 mi of water and 4 
the combined effluents lyophilized. The lyophilized samples 
were dissolved in 100 ul of sodium formate buffer (0.2 Min 
sodium ion) at pH 2.21 and applied directly to an amino acid 
analyser microbore single column system containing DC- 
4A cation exchange resin (Pierce). The amino acids were 
eluted using a three-buffer programme: 0.2M sodium 
formate pH 3.28, 0.2M sodium formate pH 4.38, and 
0.2M sodium borate pH 10.2. The amino acids were 
identified and quantified by comparison with standards run 
at various intervals between samples. Analyses were carried 
out on an Aminco Aminolyzer fluorometric liquid chroma- 
tography system equipped with a Shimadzu digital integra- 
tor. The fluorogenic reagent used was a o-phthalaldehyde. 
a, Tyrosine and glycine release from Met*-enkephalin using 
23 ng of enzyme; b, tyrosine release from a-endorphin 
using 115 ng of enzyme; c, tyrosine release from y-endor- 20 
phin using 115 ng of enzyme; d, tyrosine release from 

B-endorphin using 172 ng of enzyme. The values in paren- 

theses represent the percentage of the substrate degraded. 10 
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Tyrosine released (nmol) 
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hydrolysis were measured. Control incubations in which enzyme 


and substrate, respectively, were omitted, or in which boiled 


enzyme was used, revealed that no free amino acids were 
generated by non-enzymatic breakdown of substrate or by 
enzyme autolysis. 

As shown in Fig. 1, homogeneous bovine brain amino- 
peptidase catalyses the release of the N-terminal tyrosine resi- 
due from Met*-enkephalin and from a-, y- and B-endorphins. 
As shown in Table 1, the rate of hydrolysis of a- and y- 
endorphins was approximately 30% that of Met*-enkephalin 
whereas B-endorphin was hydrolysed at a much lower rate— 
0.5% relative to Met*-enkephalin. It is interesting that whereas 
glycine was also released from Met’-enkephalin at about one- 
third the rate of tyrosine, no glycine was liberated from a- or 
y-endorphin, even in conditions in which over 40% of the 
tyrosine was released. These results suggest that, unlike des- 
Tyr-Met°-enkephalin, des-Tyr-a- and des-Tyr-y-endorphins 
adopt a conformation resistant to further degradation by the 
aminopeptidase. This resistance could contribute to the 


metabolic stability of these peptides and thus to their biological 


activity. Note also that the homogeneous bovine brain amino- 
peptidase exhibited substantial turnover numbers for the hydro- 
lysis of the N-terminal tyrosine of a- and y-endorphins, 689 and 
634 min“ relative to 2,040 min™' for Met*-enkephalin (Table 
1). This rapid rate of reaction with these endorphins raises the 
possibility of an in vivo role for the aminopeptidase in partition- 
ing peptide fragments derived from -endorphin between 
opioid and non-opioid pathways in response to functional 
demands. The rate of release of N-terminal tyrosine from 
B-endorphin was much lower than that for the other endor- 
phins; although the extent of cleavage was relatively small in the 
conditions used, the enzyme seemed to produce only the des- 
Tyr fragment of B-endorphin. Whether this reaction, which 
would produce a non-opioid derivative of 8-endorphin, is of 
_ physiological significance, for example, by being modulable by 
~ regulatory agents, is a subject for further study. 
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Our results provide new biochemical evidence in support of 
the hypothesis that des-Tyr a- and des-Tyr-y-endorphins may 
have a role in brain function, as we have observed that a 
homogeneous brain aminopeptidase catalyses the cleavage of 
the N-terminal tyrosine residue from a- and y-endorphins at a 
rapid rate to yield the des-Tyr derivetives with no further 
cleavage of the peptide. The relationshio between this activity 
and the production of des-Tyr-a- and des-Tyr-y-endorphins 
from B-endorphin by a rat brain “synap:ic plasma membrane” 
(SPM) fraction observed by Burbach et al“, is not known. 
However, in the latter study, marker enzyme data were not 
presented to aid in understanding to whatextent the vesiculation 
known to accompany the preparation of such membranes may 
have resulted in the inclusion of synaptoplasmic elements, 
possibly including the soluble aminopeptidase which we have 
described. It will be interesting to compare the properties of the 
SPM-associated production of des-Tyr a- and des-Tyr-y- 
endorphins with those tabulated for our homogeneous enzyme 
preparation in terms of sensitivity to merzurials, puromycin and 
chelators. On the other hand, it may be «hat these are separate 
PIPA E NEA i a IN a A ENE 
Table 1 Rate of tyrosine release from Met*-znkephalin and «-, 8- and 

y-endorphin by bovine brain aminopeptidase 
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Rate of tyrosine 


release 
(umol per min Turnover number 
Substrate per mg enzyme) (min™*) 
Met*-enkephalin 20.4 (6.1) 2,040 
a-Endorphin 6.5 634 
y- Endorphin 6.9 689 
B-Endorphin 0.10 10 


a a a 
The data from Fig. 1 were used to calculate the rate of tyrosine 
release. The value in parentheses is the rate ef glycine release. 
*For hydrolysis of the Tyr'-Gly* bond: molecular weight of the 
enzyme, 100,000 (ref. 7), 
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activities, and that the soluble aminopeptidase acts on a different 
metabolic pool of endorphins. A priori, based on our lack of 
knowledge of the modes of action of peptides in intercellular 
communication in the nervous system, there is no reason to 
assume that soluble enzymes metabolizing peptides could not be 
importantly involved in the use of peptides as primary output 
signals. In addition, many enzymes formerly considered to be 
soluble on the basis of extractability properties are now known 
to exhibit transient associations with subcellular organelles, such 
as hexokinase with mitochondria’? and _ choline-acetyl- 
transferase with synaptic vesicles’’, and are solubilized from 
such organelles by metabolites as part of regulatory intracellular 
processes. It will be of interest to investigate brain peptidase 
activities from this perspective. 
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GM-21650 from the NIH (T.E.S.) and grant GB-4034 from the 
NSF (J.F.M.). J.F.M. is a recipient of Research Career 
Development Award AM-00331 from the NIH. 
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The action potential Na* ionophore of excitable cells can be 
activated either by alkaloid compounds sach as veratridine, or 
by small toxins extracted from scorpion venom or 
sea anemone”. One of the main features of this Na+ channel ts 
that it ls blocked by tetrodotoxin (TTX). However, we report 
here that during analysis of Na” inftux in resting fibroblasts, we 
fownd that a variety of fibroblast Hnes also possess a TTX 
receptor. Veratridine and sea anemone toxin act synergistically 
to stimulate Na* infex 7 to 10-fold in hamster and rat fibro- 
biests. As in excitable cells, this toxin-stinulated Na” tafiux ts 
blocked by TTX. Addition of serum to hamster fibroblasts 
arrested In G, stimulates Na* influx three-fold. Observations 
thar TTX does not prevent serum-activated Na* influx, initia- 
tion of DNA synthesis and cell proliferation suggest that the fast 
Na” channel which we have Identified in fibroblasts is not 
fuvotved in growth control. 

The gating system of the Na* channel in excitable cell systems 
such as nerve, skeletal muscle, cardiac cell and neuroblastoma is 
altered by veratridine and sea anemone toxin I>". These toxins 
also reveal ‘silent’ channels‘. Figure 1 shows that the well known 
action of these toxins on excitable membranes is also observed in 
fibroblasts. The kinetics of “Na* uptake in the Chinese hamster 
lung fibroblast line CC139 (ATCC) are shown in Fig. 1a. 
Veratridine at 100 uM or sea anemone toxin at 10 pM have no 
effect on 7*Na* influx. However, when added together, these 
toxins effect a 5—10-fold stimulation in the 5-min Na* uptake in 
these fibroblasts (Fig. 1, Table 1). The toxin-activated influx is 
completely inhibited by TTX. Half-maximal inhibition is 
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observed at 20-40 nM TTX. The apparent affinity of TTX for 
the fibroblast Na* channel is identical to that found in similar 
studies with spiking neuroblastoma cells’. Also, the number of 
Na* channel receptors might be even higher in CC139 than in 
neuroblastoma cells, as suggested by comparison of the toxin- 
stimulated Na” fluxes of these two cell lines (Table 1). 

When Na’ efflux through the (Na*+K*)ATPase system is 
inhibited with ouabain, the addition of veratridine (100 pM) and 
sea anemone toxin (10 M) to CC139 cells leads to rapid lysis 
(Fig. 2), which is due to an increase in cell osmotic pressure 
caused by massive Na* entry. Cell lysis is prevented when TTX is 
added before the other toxins, when ouabain is omitted (Na* 
escapes from the cells) or when external Na” is replaced by 


choline™. 


f 








| 3 
, 
he 
: j 
a 2 
2 = 
3 
5 : 
E 
a 
5 J 5 
É a e 
J 8 7 6 8 
T log [ATX KM) 


-og [veratridine KM) 


Fig. 1 Stimulation of “Na* influx into CC139 fibroblasts by 
veratridine and sea anemone toxin M. Inhibition of the toxin- 
stimulated influx by tetrodotoxin. a, Kinetics of Na”* influx into 
cells have been measured without toxins (@, ©) or in the presence 
of 10 uM sea anemone toxin II (A), 100 M veratridine (I) or 
10 pM sea anemone toxin +100 pM veratridine (A). Experi- 
ments were carried out in the presence of 0.5 mM ouabain to block 
Na+ efflux catalysed by the (Na*+K*) ATPase, except in @. b, 
Dose-response curves for the effect of veratridine on the initial rate 
of Na‘ influx were determined in the absence (O) or presence of 
10 pM sea anemone toxin I (@). Ouabain was present at a 
concentration of 0.5 mM. c, Dose-response curves for the effect of 
tea anemone toxin II (ATX,) determined in the absence (O) or 
presence of veratridine (100 pM) (@). Ouabain was present at a 
concentration of 0.5 mM. d, Inhibition by TTX of the stimulating 
effect induced by the mixture of sea anemone toxin I (10 pM) and 
veratridine (100 M) on the initial rate of Na” influx in the 
presence of 0.5mM ouabain. “Na* influx into confluent 
monolayers of CC139 cells was determined at 37 °C essentially as 
described previously for neuroblastoma cells*: culture medium of 
35-mm dishes was first replaced by imi of a saline solution 
buffered with 25mM HREPES-Tris (pH 7.4) and containing 
140mM NaCl, 5.4mM KCI, 1.8mM CaCh, 0.8 mM Mg SO,, 
5 mM glucose and 0.1 mg ml bovine serum albumin. After a 
5-min preincubation of cells in this medium, “Na” inftux was then 
initiated by replacing the preincubation medium by 1 ml of the 
same saline solution isotopically labelled with 7*NaCl (2 pCi mi~’). 
Ousbaln (0.5 mM) and toxins were present in this uptake medium 
except when indicated. **Na* influx was stopped 5 min later by 
removing the radioactive medium and washing the cells three times 
with 1 mi of a Na*- and K*-free saline solution at room tempera- 
ture. In these conditions less than 5% of intracellular “Na” is lost 
during the 15 of the washing procedure. After solubilization of 
celis in 1 mi of NaOH (0.1 M), was determined by 
scintillation counting and the initial rate of Na” influx calculated 
from the amount of “Na* taken up in 5 min assuming linear 
kinetics. The time points of a were determined as described for the 
5-min uptake points. 
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Fig. 2 Veratridine and sea anemone toxin-induced cell lysis in 
CC139 fibroblasts. Cells cultured in Dulbecco's modified Eagle's 
medium supplemented with 10% fetal calf serum were incubated 
with no drug (a) or with 100 uM veratridine + 10 uM sea anemone 
toxin and 0.5 mM ouabain (b). Phase contrast micrographs were 
taken 12 h after drug addition. Cell swelling is seen only after at 
least 30 min and 1h before cell lysis (few cells) is detected. 
However, 2~3 h are required to see massive cell lysis. Incubation of 
the cells with ouabain alone or with the toxin mixture in the 
absence of ouabain over 24 h does not induce cell lysis (not shown). 


Although CC139 cells have the morphology of fibroblasts, 
form fibrosarcoma tumours and do not generate action poten- 
tials, the origin of this established cell line cannot be known 
definitively. We therefore looked for fast Na” channels in two 
other fibroblast lines of Chinese hamster (CHO and CHL-V79), 
in a rat Fisher fibroblast line’ and its polyoma virus-transformed 





Table 1 Effect of veratridine and sea anemone toxin H on Na’ influx in 
various fibroblast cell types 





5 min Na” uptake 
(nmol per mg protein) 


Veratridine 
+ Stimulation 
Cell type Origin Basal sea anemone (fold) 
toxin 
CC139 Chinese hamster 72 570 7.9 
lung fibroblast 
(ATCC) 
CHL-V79 Chinese hamster 88 95 1.1{2.1) 
lung fibroblast 
(ATCC) 
CHO Chinese hamster 67 190 2.8(4.7) 
ovary 
(Toronto's 
strain) 
FR-3T3 Rat Fisher fibro- 16 154 9.6 
blasts’ 
3T3-PY Rat Fisher-polyoma 67 132 2 
transformed 
CEF Secondary chick 67 93 1.4 
embryo fibro- 
blast 
NIE-115 Neuroblastoma 46 320 7 


*?Na* uptake was measured as described in Fig. 1 legend, in the 
presence of 0.5 mM ouabain (basal) or 100 uM veratridine + 10 uM sea 
anemone toxin II for the toxin-stimulated influx. Values in parentheses 
represent the toxin-stimulation factor when cells were arrested by serum 
deprivation (serum deprivation reduces basal Na” influx, see F ig. 3). All 
values represent the average of duplicate experiments (less than 10% 
difference was observed in duplicate determinations). 
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derivative, and in chick embryo fibroblasts. Interestingly, all the 
cells possess a Na” channel stimulated by the mixture of vera- 
tridine and sea anemone toxins (Table 1). Although the stimu- 
lation effected by these toxins varied from 1.5- to 10-fold 
depending on the cell line, 30-50 nM TTX elicited half-maximal 
inhibition of Na” influx in all the cells tested. These results 
demonstrate the ubiquity of the fast Na” channel in fibroblasts 
from different origins. 

It has been proposed that an increase in Na” influx might be 
the initial mitogenic signal in many cell systems". Therefore, we 
have investigated whether the fast Na’ channel of CC139 
fibroblasts has any role in controlling their division. These cells 
can be arrested in Go by serum depletion. Figure 3 shows that 
reinitiation of DNA synthesis by 10% fetal calf serum is pre- 
ceded by a very early threefold stimulation of Na” influx. The 
influx in these conditions is not blocked by TTX. This result, 
together with the observations that TTX does not affect the Na” 
uptake of growing fibroblasts, prevent reinitiation of DNA 
synthesis or alter cell division (not shown), strongly suggests that 
the TTX-sensitive Na“ channel of fibroblasts is not involved in 
growth control. 

Accordingly, these fibroblasts, like excitable cells, have 
receptors for veratridine, sea anemone toxin and TTX. The 
dose-response curves for the association of the different toxins 
with their respective receptors occur in a range of toxin concen- 
trations which is similar for fibroblasts (Fig. 14, c, d) and for 
excitable cells such as neuroblastoma’. Veratridine or sea ane- 
mone toxin alone significantly stimulate Na“ entry through the 
TTX-sensitive Na” channel of neuroblastoma cells, and the two 
toxins act in synergy. In contrast, neither toxin alone stimulates 
“Na* entry into fibroblasts (Fig. 1a); the mixture of the two 
toxins is essential for activation of the TT X-sensitive Na” chan- 
nel. Electrophysiological studies are under way in an attempt to 
understand the differences between TTX-sensitive Na” chan- 
nels in fibroblasts and those in excitable cells like neuroblastoma 
cells. Also, we hope to use the toxin-activable Na” channel of 
CC139 fibroblasts as a Na” microinjection device with which to 


[*?Na* nmol per mg protein) 


4H-Thymidine (c.p.m. per dish, x 10> *) 





Fig.3 Serum induced Na” influx and DNA synthesis if quiescent 
fibroblasts. Confluent CC139 fibroblasts were arrested in Go/G; 
by incubating the cells in serum-free medium for 30 h. Na” influx 
was measured in the presence of 0.5mM ouabain. Values 
represent 5 min 7 Na* uptake in resting fibroblasts or in cells 
stimulated for 5 min with 10% fetal calf serum (hatched bar). For 
measurements of DNA synthesis, serum-deprived cells were 
incubated for 24h in the presence of 0.5 pCi *H-thymidine 
without (empty bar) or with (hatched bar) 10% fetal calf serum. 
Where indicated + TTX, tetrodotoxin was added at 10°° M during 
Na” uptake studies or during the 24 h of thymidine incorporation, 
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analyse the possible role of increased Na“ influx in mitogenicity. 
These cells respond well to purified growth factors’. Finally, the 
toxin-effected cell lysis shown in Fig. 2 provides a powerful 
selection procedure for developing the genetics of Na” gating 
membrane components in a diploid and rapidly growing cell 
line. 


We thank Mrs A. Franchi for technical assistance and Dr M. 
Murphy for reading the manuscript. 
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Loss of immune competence 
with age may be due to 
auto-anti-idiotypic antibody regulation 
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The decline in immune function with ageing involves both a loss 
of B-cell function’? and a decline in T-cell function™®. This 
picture has been complicated by the recent observation that 
normal old mice produce more B-cell mitogen-induced autoan- 
tibodies to syngeneic erythrocytes than do young animals’. They 
also produce elevated levels of IgM and IgA anti-IgG autoan- 
tibodies’ and increased suppressor-cell activites*”*°. It is there- 
fore difficult to explain the relationships between autoantibody 
production, increased suppressor-cell activities and the loss of 
immune competence in old animals. Recently, auto-anti-idio- 
typic antibody regulation has been proposed to explain a rapid 
decline in the antibody-forming cell response to antigen during a 
normal immune response in young adult mice". Schrater et al. 
have suggested that this antibody, produced during the immune 
response, combines with B-cell-surface antigen receptors and 
thus inhibits antibody secretion. If the number of B cells is 
normal in old animals", but their function is impaired, it may be 
that the decline in immune competence with age is due to 
auto-anti-idiotypic antibody regulation, perhaps affecting the 
B-cell-surface antigen receptors and preventing the cell from 
responding normally to exogenous antigens. We have therefore 
investigated whether auto-anti-idiotypic antibody could be 
detected in immune splenic B cells from old and young mice of 
the same strain. We report here that auto-anti-idiotypic anti- 
body regulation seems to have a role in the loss of B-cell function 
with age. 

We first immunized various aged CS57BL/6J male mice 
intraperitoneally (i.p.) with a highly thymic-dependent antigen, 
trinitrophenylated bovine y-globulin (TINP-BGG) in complete 
Freund’s adjuvant (CFA). Splenic anti- TNP plaque-forming cell 
(PFC) responses were assayed 2 weeks after immunization. As 
shown in Table 1, 4-month-old mice produced high numbers of 
IgM, IgG and IgA anti-TNP PFCs whereas the 1- and 2-month- 
old mice produced relatively low numbers. However, mice of 8 
months or older showed a significant decline in the number of 
anti-TNP PFCs in the three isotypes studied as compared with 
the PFC responses of the 4-month-old group. Thus, aged ani- 
ee e Fn ae ee Oe ere ene ten eee 
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Table 1 Effect of age on the number of splenic anti-TNP PFCs in 
C57BL/6J mice given TNP-BGG 


Antler ALARA A RL rR ARR TRA SE a mee tte ttt ‘MMA SAMAR We raim aei airaa aah miah hein tence arae ee 


SALAAM DAA RH BO RAR ARRAN RRA AA RANE RA OR A OL RA A 


Age No. IgM IgG IgA 
(months) of mice PFCs PFCs PFCs 
1 iS 1,090 (+0.56) 1,594 (40.83)  559(+0.65) 
P<0,001 NS P<0.001 
2 26 1,146(+0.91) = 1,464(+0.58) = 1,479 £0.62) 
P<0.005 P< 0.02 P<0.001 
4 19 2,325(40.48) = 2,323(40.55)  3,153(+0.42) 
8 25 1,978(+40.39}  1,266(+0.35) 1,288(+0.59) 
NS P<0.001 P<0.001 
it 3 1,807(4£0.39) = 1,024(+0.57) — 1,499(+0.37) 
NS P<0.05 P<0,01 
15 5 707 987 833 
24 2 351(+0.40) 337(+1.10) 456(+1.62) 
P<0.001 P<0.001 P<0.001 





Male mice received 500 ug TNP-BGG in CFA i.p. Splenic anti-TNP 
PFCs per 10° nucleated cells were assayed 2 weeks after immunization. 
Data presented are the geometric means of pooled spieens from three to 
five animals from three to six independent experiments. The data from 
the 11- and 24-month groups are geometric means from individual 
spleens. The data from the 15-month group are from pooled spleens 
from five animals from one experiment. The value in parentheses is the 
natural logarithm of s.d. obtained from natural log-transformed data. 
The t-test was used to evaluate the statistical significance of differences 
on natural long-transformed data. NS, Not significantly different. Anti- 
TNP PFCs were determined by the method of Jerne et al.” as modified 
for a slide assay by Dresser and Greaves’. Rabbit anti-mouse IgG and 
rabbit anti-mouse IgA were used at predetermined optima! dilution 
(1:300), to develop indirect IgG and IgA plaques, respectively. The 
IgA-developing serum was prepared in rabbits by using pure mouse 
myeloma MOPC 315 (IgAA2). The antiserum was depleted of anti- 
light-chain activity by passage through a pure mouse IgG-Sepharose 
4-B immunoadsorbent column. The IgG-developing serum was pre- 
pared in rabbits by using purified mouse IgG (Miles, Lot 51), The 
antisera showed only a single line against normal mouse sera and pure 
IgG on Ouchterlony analysis. Pure mouse IgA or IgG when added to the 
PFC assay inhibited the development of only IgA or IgG PFCs, respec- 
tively, when the respective developing sera were added. Before develo- 
ping indirect plaques, goat anti-~ was used to inhibit >95% IgM 
plaques during the first incubation period. The anti-~ antiserum was 
prepared in goats by using pure mouse MOPC 104E (igMA}) (Bionetics, 
Lot AJ116). It was passaged through a pure mouse lgG-Sepharose 4-B 
immunoadsorbent column to deplete anti-light-chain activity. 





Table 2 Effect of age on the heterogeneity of affinity of splenic 
anti-TNP PFC responses in CS7BL./6J mice 


asarana AAN ANEA rsd ith ta AAAA AAAA AAN AENEAN AROEN AAAA EEEE SITET TMT TA EAA AANA 


Age No, Of eee me 
(months) mice For IgM PFCs For IgG PFCs For IgA PFCs 
2 15 0.88 + 0.52 2.27+0.13 1.50+0.18 
(P<0.001) (P<0.02) (P<0.001) 
4 t2 1.64+0.49 2.04+0.27 2.12 £0.20 
8 20 0.51 +0.38 1.224083 0.63 + 0.63 
(P<0.001) (P<0.001) (P<0.001) 
15 5 0.33 0.50 0.37 
24 2 0 0 0.87 + 0.62 


(P<0,001) 

a: ee en Nana eee nee eterna Senn Sener meee ne ene Ee 

Male mice received 500 ug TNP-BGG in CFA i.p. Splenic anti- INP 
PFCs were assayed 2 weeks after immunization. The Shannon hetero- 
geneity index’? was used to describe the degree of heterogeneity of 
affinity of the IgM, IgG and IgA anti-TNP PFC population of pooled 
spleens from three to five mice. The values presented are the means + 
s.d. from three or four independent experiments. The values from the 
15-month group were obtained from a single pool of five mice from one 
experiment. The values from the 24-month group were obtained from 
individual spleens and presented as means + s.d. from two animals. The 
larger the index, the greater the heterogeneity. The t-test was used to 
evaluate the statistical significance in the heterogeneity indices as 
compared with the 4-month-old group. 
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Table 3 Effect of age on the appearance of anti-idiotype-blocked hapten-augmentable, anti-TNP PFCs during the normal immune response to 
TNP-BGG in C57BL/6J mice 








ak toreu 








Splenic anti-TNP PFCs per 10° cells 


: i No. of mice TNP-EACA = 
i . IgM (% aug IgG (% aug IgA (% aug 
PFCs PFCs) PFCs PFCs) PFCs PFCs) 
2 15 = 2,154 2,035 1,838 
+ 2,283 6% 2,340 15% 2,022 10% 
4 10 — 2,084 1,350 2,394 
+ 2,272 9% 1,755 30% 2,729 14% 
(NS) (P<0.005) (NS) 
8 15 = 3,818 1,856 2,196 
+ 5,765 51% 3,972 114% 4,085 86% 
(P<0.001) (P <0.001) (P< 0,001) 
15 5 ~ 707 987 833 
+ 1,308 85% 2,240 127% 1,974 137% 
24 2 ~ 351 337 456 
+ 1,127 221% 896 166% B80 43% 





Male mice received 500 ug TNP-BGG in CFA i.p. Splenic anti-TNP PFCs per 10° nucleated cells were assayed 2 weeks after immunization. Data 
presented are the geometric means of 10~15 animals from two or three independent experiments. Spleen tissues were assayed as asingle pool from five 
animals in each experiment. Spleen tissues from the 15-month-old group were assayed as a single pool from five mice in one experiment. Spleen tissues 
from the 24-~month group were assayed as individual spleens and geometric means of two animals from one experiment are presented. Percentage 
augmentation of PFCs by optimal hapten concentration (1x 10°7—1* 107’ M TNP-EACA) is calculated as: 100x (PFCs in presence of 
hapten — PFCs in absence of hapten)/PFC in absence of hapten. The t-test was used to evaluate the statistical significance of differences on natural 


log-transformed. data as compared with the 2-month group. 


mals exhibited a loss of IgM, IgG and IgA PFCs in their primary 
immune response to TNP-BGG. These results are consistent 
with other data reported for this strain, with a loss of IgM 
anti-sheep red blood cell (SRBC) PFCs in vitro in mice over 4 
months of age’*. 

We then investigated the heterogeneity of the PFC response 





Table 4 Anti-idiotypic antibody activity in immune sera from ageing 
C57BL/6J mice as assayed by hapten-reversible plaque inhibition 


SA AN PME AAAA aE A aA 


% Of control response 


ANDO ANIME AORTA PLIES 


PFCs from spleen 1 PFCs from spleen 2 





during ageing. The distribution of PFCs with regard to avidity AOU ENE Seppo. eee i 
was determined by hapten inhibition of plaque formation in Serum titre IgM IgG IgA IgM IgG IgA 
mice of different ages and can be quantitated using the Shannon SOEs. (reciprocal) PFCs PFCs PFCs PFCs PFCs PFCs 
function’? as heterogeneity index, thereby permitting a simple NMS <2 100 100 100 100 100 100 
statistical evaluation of the data. This index is expressed as a log, Immune 2- 80 100 110 99 78 83 98 
term and increases with increasing heterogeneity of the PFC month-old 

distribution. The heterogeneity indices calculated from these Immune 4- 80 78 52 96 72 75 9% 
data (distributions not shown) show a significant decrease in month-old xi 
heterogeneity of splenic PFCs with age (Table 2). Thus, IgM, ETA A 160 aD 1 HST 
IgG and IgA PFCs from 8-month-old animals are significantly POntn-Ol" m a a a a 
(P <0.001) less heterogeneous than PFCs from 4-month-old mianikcold 

animals. The affinities of IgM and IgG PFCs from the 24-month- Immune 15- 160 47 40 88 $2 #437 gü 
old animals are completely restricted but the IgA PFCs still month-old 

retain some heterogeneity, although this is significantly (P< Immune 24- 160 42 23 45 ND ND ND 
0.001) less than that in the 4-month-old group. Thus, with month-old 


ageing, there is a progressive decrease in heterogeneity, charac- 
terized by a loss of high-avidity PFC subpopulations in older 
animals. 

Auto-anti-idiotypic antibodies have been shown to be 
responsible for a decline in the number of PFCs, a reduction in 
the heterogeneity of avidity of PFCs and the occurrence of 
hapten-augmentable PFCs (anti-idiotype blocked)'?. We 
therefore investigated the effect of age on the appearance of 
anti-idiotype-blocked, hapten-augmentable anti-TNP PFCs. As 
shown in Table 3, 8-month-old mice, during the primary 
immune response to TNP-BGG, produced a significantly (P < 
0.001) high percentage of hapten-augmentable PFC responses 
in the IgM (51%), IgG (114%) and IgA (86%) isotypes studied 
as compared with the 2-month-old group, which did not show 
any appreciable (6-15%) hapten-augmentable PFCs. Older 
mice also produced a high percentage of hapten-augmentable 
PFC responses, ranging from 85% to 221% in the three iso- 
types. These data support the hypothesis that auto-anti-idio- 
typic antibody de-regulation of splenic anti-TNP PFC responses 
of old mice is responsible for the age-associated decline in the 
number and heterogeneity of avidity of the PFCs in the three 
> isotypes studied. | 
Other studies '° describe an assay for anti-idiotypic antibody 
. that makes use of the ability of such antibody in the immune sera 

_to inhibit plaque formation by idiotype-producing cells. This 





Immune spleen cells were obtained from individual 2-month-old 
C57BL/6J male mice that had been immunized i.p. with 500 ag TNP- 
BGG in CFA 14 days before assay. The control values (PFCs deter- 
mined in the presence of normal mouse serum [NMS] ranged for 1,667 
IgM, 5,451 IgG and 3,608 IgA anti- TNP PFCs per 10° nucleated cells 
from spleen 1 and 2,073 IgM, 2,439 IgG and 10,829 IgA PFC’s from 
spleen 2. Immune cells at 3-5 x 10’ cells per ml were incubated with 
immune sera or NMS at a 1:10 final dilution for 5 min at 4°C. The cells 
were washed once, resuspended to the original volume, and plated. The 
inhibition of plaque formation was completely reversible by addition of 
hapten. The data illustrated are from one representative experiment out 
of six independent experiments. Anti-TNP titre was determined by 
passive hemagglutination. ND, Not determined. 

The NMS pool was obtained from 10 C57BL/6J male mice at 10 
weeks of age. Pools of immune sera were obtained from groups of 3-10 
C57BL/6J male mice at various indicated ages, which had been 
immunized with 500 ug TNP-BGG in CFA i.p. 14 days before collec- 
tion of sera. 


inhibition was reversible by the hapten, TNP-e-amino-n- 
caproic acid (EACA). Results in Table 4 show that pools of 
immune sera from 8-month or older mice immunized 14 days 
previously with TNP-BGG in CFA caused a hapten-reversible 
block of plaque formation by spleen cells from TNP-BGG 
immune 2-month-old mice. In contrast, immune sera from 
2-month-old mice failed to inhibit the PFC response. 
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The above findings suggest that the loss of immune 
competence in the splenic B-cell population may be due to 
auto-anti-idiotypic antibody regulation. The nature of the sti- 
mulus for the production of auto-anti-idiotypic antibody with 
age is unknown. However, the reported’? increased appearance 
of new or altered antigenic determinants on the surface 
membrane of lymphoid cells from old mice or possibly alter- 
ations in I-region products with age'’, may serve as an attractive 
model to explain the increased appearance of auto-anti-idio- 
typic reactive B-cell clones. Also, auto-anti-idiotypic antibody 
may contribute to the increased suppressor cell activities in old 
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animals. This is supported by the findings that anti-idiotypic 
antibody can induce the activation of suppressor T cells in 
normal young adult mice '*?°. This type of observation has not 
been demonstrated in old animals. Furthermore, the relation- 
ship between auto-anti-idiotypic antibody regulation in old 
animals and auto-immune disease remains unclear. 
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Hairy cell leukaemia (leukaemic reticuloendotheliosis) appears 
to be a homogeneous and well defined disease on the basis of 
clinical presentation, light and electron microscopic features and 
cytochemical characteristics’, but the study of immunological 
markers of hairy cells (HC) from many patients reveals apparent 
heterogeneity. The most common phenotype associates B-cell 
and monocytic properties: HC usually express monoclonal sur- 
face (and in certain cases cytoplasmic) immunoglobulins, 
receptors for IgM and IgG Fc, and mouse erythrocytes, and 
la-like antigens. Additionally, they are capable of phagocytosis, 
glass adherence, lysozyme and peroxidase synthesis’ ™*. 
However, most of these features are not constant and cases have 
been reported in which HC fail to express one or more of these 
properties. In certain cases HC even display a T-cell phenotype, 
while, in others, features of both T and B cells are ex- 
pressed'*'*-?*, Moreover, in two recently studied patients, the 
phenotype of HC in the blood differed from that in the spleen 
(B+T in the blood and B in the spleen)**. These surprising 
discrepancies led us to hypothesize that HC from the same 
individual might be able to express different phenotypes follow- 
ing an appropriate stimulus. We therefore studied immunologi- 
cal parameters of HC stimulated by mitogens and the results 
indeed showed that after stimulation by phytohaemagglutinin 
(PHA) the cells switched from B to T or B+T phenotypes. 
The three patients studied were affected with clinically and 
morphologically typical HC leukaemia. They had not previously 
received specific therapy. In patient Go., HC were obtained 
twice (3 months apart) from leukaemic blood. On both 
occasions, cell suspensions resulting from Ficoll centrifugation 
contained 10% lymphocytes and 90% HC as shown by cytolo- 
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Table 1 Immunological markers of fresh and cultured hairy cells (% positive cells) 


SAAS eben itar ARP a a pm Laa tetera AA AARAA aaa errr d nA AAA a aaa amapag datana aia a A a haia a 


Patients Cells studied Sig cle yFcR E Anti-T 
rosettes serum 
Go. Fresh cells 778A 0 89 8 ND 
Day 4 cultured cells 
Control 905A Sui 67 8 20* 
PHA 0 0 12 69 61* 
Go. Fresh cells TISA R2uA 73 37 25 
Expt 2 
Day 3 cultured cells 
Control 698A 82urA 69 10 12 
PHA 6 0 2 80 82 
Cha. Fresh cells 38 yx (p28) 0 1 15 l 
Day 14 cultured cells 
Control 90 yK« (ue (8) 0 51 4 5 
PHA 0-5 Q 0 83 92 
Que. Fresh cells 955A(a) 67 uA 90 6 5 
Day 14 cultured cells 
Control B36A(u) S7uà 99 i 3 
PHA 2 S0uA 96 88 90 





The cells obtained from blood or spleen were studied for cytological (Giemsa 
staining and tartrate-resistant acid phosphatase activity) and immunological 
parameters, then cultured at 1 x 10° cells ml~' in RPMI 1640 medium containing 
10% fetal calf serum (Gibco) either with or without PHA (PHA M, Gibco, final 
concentration 0.6%). Cultured cells were repeatedly studied for cytology, cyto- 
chemistry, cell numeration, thymidine incorporation and immunological features. 
Surface and cytoplasmic immunoglobulins (Sig and cig) were assessed by direct 
immunofluorescence with rhodamine-conjugated rabbit Fiab‘)2 fragments pre- 
pared in our laboratory as previously described**. Conjugates polyvalent for 
human Ig and monospecific for u, y, o, a, x and A chains were used. Ig Fc receptors 
(y Fe R} were detected by immunofluorescence with immune complexes in 
conditions in which the positive cells are predominantly B cells**. E-rosette 
forming cells were enumerated according to a classical method”, Human T- 
lymphocyte specific antigens were studied by indirect immunofluorescence with a 
rabbit antiserum raised against peripheral T cells and a rhodamine-coupled sheep 
F(ab’)2 fragment anti-rabbit IgG (ref. 26). ND, Not determined. 

* Performed on day 7, when the control and PHA-stimulated cultures contained 
26% and 81% E-rosetting cells respectively. 


gical and cytochemical examination. Cells obtained from the 
spleen (splenectomy) were almost all HC in patient Cha. and 
95% HC in patient Que. Cells from both blood and spleen were 
studied for lymphocyte markers and cultured with or without 
PHA; cultured cells were serially examined for cell number, 
tritiated thymidine incorporation, cytology and lymphocyte 
markers (see legend to Table 1). 

In the first study of cells from patient Go., the fresh HC 
displayed a B-lymphocyte phenotype with 6A monotypic Sig 
(5-20% of the cells also stained for u, y and x, which probably 
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corresponded to exogenous Ig bound to Fc receptors since only ô 
and A chains were subsequently found on cultured cells), yFcR 
and no T-cell markers (Table 1). PHA-stimulated cells were not 
examined before day 4 of culture. At this time, more than 90% 
of the cells in both PHA-stimulated and control cultures were 
typical HC on morphological grounds. In the control culture, the 
B phenotype remained stable except that monotypic clg (IgM A) 
became detectable. On the contrary, PHA-stimulated HC had 
lost Slg and yFcR, formed E rosettes and were strongly stained 
by anti-T serum, thus displaying a T-lymphocyte phenotype. 
The immunological phenotype in both control and PHA-stimu- 
lated cultures remained the same for the 5 following days, then 
most PHA-stimulated cells died. During this period, the 
appearance of PHA-stimulated cells changed: 50% of cells on 
day 5 and 60-70% the following days were large blast cells 
showing a strong acid phosphatase positivity which was tartrate- 
sensitive. Cell numbers were relatively stable and roughly 
similar in control and stimulated cultures. Relatively low levels 
of thymidine incorporation were found with stimulation indices 
of 18.6 and 3.0 on days 4 and 6 after PHA-stimulation (similar 
observations were made in patients Cha. and Que. with stimu- 
lation indices varying between 7.5 and 9.7 in PHA-stimulated 
cultures on days 4 and 6). These data and the rapidity (24 h) of 
morphological changes suggest that the T-blast cells may be 
derived from the PHA-stimulated HC. 

When studied again 3 months later, fresh HC from patient 
Go.’s blood showed two features different from those found at 
first examination: most HC contained cytoplasmic u and A 
chains and a fair number had T-cell markers. Since 90% of the 
cells were HC, the obvious overlap of figures for T and B 
markers (Table 1) indicates that some HC had a mixed B+T 
phenotype. This mixed phenotype was lost in the control 
cultures (Table 1 and Fig. 1a) where HC retained B-cell charac- 
teristics only (the cells staining with the anti-T serum on days 3 
and 6 were small lymphocytes by phase contrast microscopy). 
Daily study of PHA-stimulated cells showed a rapid loss of 
B-cell markers and the acquirement of T markers (Fig. 1b and 
Table 1). Morphological changes similar to those initially found 
were observed; the cells had a typical HC appearance till day 4 
and were large blast cells on the following days. 

Only 38% of fresh HC in patient Cha.’s spleen had monotypic 
Sig(y«). Between 6 and 10% of the cells also stained for u and 6, 
respectively. All these Ig chains were probably synthesized by 
the cells since they were found in control cultures at repeated 
examinations over 3 weeks. In non-stimulated cultures, we 
observed a progressive increase in the number of Slg-bearing 
cells (up to 90% on day 14) and the appearance of yFcR which 
was not detectable on fresh cells (Table 1). The changes occur- 
ring after PHA-stimulation had a slower kinetics than in patient 
Go. On day 5, the cells had lost Sig expression but only 10% 


Fig.1 B and T cell markers of patient Go.’s blood cells cultured a, without 

or b, with PHA (second experiment). @, E rosettes; A, Slg; W, cIg; O, yFcR. 

The number of cells staining with the anti-T serum paralleled that of E 
rosettes inot shown). 
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5 10 15 20 days 


Fig. 2 B- and T-cell markers of patient Que. s spleen cells in control 
(dotted lines) and PHA -stimulated (solid lines) cultures, @, E rosettes: &, 
Sig; W, cle, ©, yFcR, 


formed E rosettes. These cells were virtually all HC by 
morphological criteria. Then, the percentage of E-rosetting cells 
increased. After day 12, most cells displayed T-cell features 
(Table 1). However, these cells were blast cells lacking cytolo- 
gical and cytochemical characteristics of HC. PHA-stimulated 
cells could not be studied after day 15 due to cell death. 

Study of patient Que.’s fresh spleen HC showed a B pheno- 
type with Sig (6A on most cells and also u on some), cig{uA j and 
yFcR (Table 1). A faint surface staining and a globular cyto- 
plasmic staining for y, y, « and A was additionally found and it 
was shown to be due to adsorption and pinocytosis of exogenous 
Ig. The B-cell phenotype remained stable in the control culture 
(Table 1 and Fig. 2, dotted lines). After PHA-stimulation, Sig 
rapidly disappeared whereas the number of cells with yFcR was 
constant. After an initial drop, the number of cells containing 
cytoplasmic u and A chains returned to pre-culture levels. The 
number of cells forming E rosettes and staining with anti-T 
serum sharply increased from day 4 to day & and then the 
phenotype of PHA-stimulated cells was unchanged until day 21 
(Table 1 and Fig. 2, solid lines). Further study was not possible 
due to cell death. During these phenotypic changes and in 
contrast with the first cases, stimulated HC retained their typical 
morphological features. Therefore, the origin of these cells with 
a mixed T-B phenotype from the HC in this patient was 
supported by morphology and by the retention of some of the 
original B-cell markers (especially monoclonal cytoplasmic u 
and A chains). 

This study provides three major findings: (1) when HC from 
the same patient were studied twice, their properties were not 
the same; (2) spontaneous variations were observed in control 
cultures: acquirement of clg or of yFcR, switch from a B+Ttoa 
B phenotype. These data are in agreement with the finding of a 
different phenotype in the spleen and the blood from two 
patients'°. Moreover, sequential studies of immunological 
markers in the same patients showed clear-cut fluctuations, as 
reported very recently”; (3) the most striking finding in our 
study is that PHA stimulation induced a switch from a B 
(patients Go. and Cha.) ora B + T (patient Go.) phenotype toa T 
phenotype, or from a B toa B + T phenotype (patient Que.). The 
two T-cell markers found on these cells were distinct since we 
were unable to inhibit E-rosette formation by preincubation 
with anti-T serum. Cells binding sheep erythrocytes were actual 
E rosettes and not immune rosettes which could have resulted 
from secretion or surface expression of Ig with anti-sheep red 
cell activity, as sometimes observed in CLL”, Indeed, rosetting 
was obtained only in the thermal and incubation conditions 
needed for T cells; it was not inhibited by incubation with unti-lg 
sera and the cells did not form plaques with sheep erythrocytes. 
It must be stressed that these E rosettes were centered by 
lymphoid cells (as shown by phase contrast microscopy and 
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Giemsa staining of cytocentrifuge slides) and were not just 
clumps of red cells due to PHA in the medium (which was indeed 
a problem during the 2 or 3 first days of culture although HC 
were washed several times before rosette assay). 

In two cases, there is no doubt that the cells which showed 
T-cell properties after PHA-stimulation did not result from the 
expansion of normal T cells and were derived from the original 
HC since: (1) These cells were still typical HC by morphological 
and cytochemical criteria. (2) In patient Que., they continued to 
express yFcR and the same intracytoplasmic Ig chains as the 
fresh cells. (3) In patient Go., the changes were too rapid 
(already clear-cut after 1 day of culture) to have been account- 
able by the growth of normal T cells. (4) Low levels of mitogenic 
stimulation and roughly stable or slightly decreased cell 
numbers similarly negate this hypothesis. In patient Cha., the 
cells with T-cell markers on day 12 of culture which could not be 
identified as HC upon morphological grounds were nevertheless 
probably derived from HC. Indeed, day 5 PHA-stimulated 
cultures from this patient’s cells contain exclusively typical HC 
which had lost Sig while 10% of them had become E positive. 
The morphological changes subsequently observed are probably 
similar to those observed in patient Go., in whom typical HC 
with T-cell properties were replaced by blast cells probably 
derived from them (since this morphological change was obser- 
ved within 24 h). 

Since HC have peculiar surface properties, one could hypo- 
thesize that T-cell markers in PHA-stimulated cultures may not 
be endogenous but result from adsorption of membrane mole- 
cules released in the culture medium by PHA-stimulated normal 
T cells. This hypothesis may be ruled out for the following 
reasons: (1) cells from control cultures were incubated for 1h, 
3h and overnight at 37°C in supernatant media of PHA- 
stimulated cultures containing mostly cells with T markers. This 
incubation did not result in any change of the phenotype of these 
cells. (2) On several occasions, in patient Go., control and 
pokeweed-mitogen stimulated cultures contained a fair number 
of T cells (10-30%, with a similar percentage of large blast cells 
on Giemsa-stained smears) whereas HC in these cultures had no 
T-cell markers; (3) This hypothesis may hardly explain the loss 
of E cell features. 

It is therefore clear that PHA actually induces major pheno- 
typic changes of HC. This phenomenon is reversible since, when 
cultured cells with newly acquired T cell features were washed 
several times to remove the bulk of PHA and incubated in fresh 
medium without PHA, they lost T-cell characteristics and 
expressed the same B-cell properties as before culture within 2 
days. Preliminary results of studies performed with other 
mitogens showed that concanavalin A induced changes similar 
to those observed with PHA, whereas we observed a plas- 
macytic differentiation after stimulation with the mitogen from 
nocardia opaca. If similar changes occur in vivo, our observation 
conciliates the published discrepancies in immunological 
phenotypes and HC may be considered as very remarkable cells 
capable of expressing different properties after an appropriate 
stimulation. 

We thank Dr Larry B. Vogler for reviewing the English form 
of this manuscript, and A. Dimitriu for performing some of the 
tests. This work was supported by DGRST (grant no. 80.7.220). 
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It has been a matter of controversy whether the functional 
capacity of T cells to discriminate between antigens is mediated 
via immunoglobulin, an immunoglobulin-like molecule, or by 
the product(s) of unrelated genes. The progenitors of immuno- 
globulin-secreting cells, B cells, express membrane-bound 
immunoglobulin as the antigen-specific receptor on their sur- 
face’. For T cells, although products of immunoglobulin heavy 
chain variable region genes are implicated as receptor 
components’, there has been no compelling immunochemical 
evidence for participation of either immunoglobulin light chains 
or heavy chain constant regions (see refs 2-6 for the disparate 
views). Recently, using cloned immunoglobulin DNA 
sequences as hybridization probes, we have demonstrated that 
the immunoglobulin C, gene, but not the C. gene, is expressed 
as polyadenylated RNA in some T cell tumour (T lymphoma) 
cell lines’. Individual T lymphoma lines yielded up to three 
discrete u RNA species of different sizes (1.9, 2.2 and 3.0 
kilobases), each species being different in size from the major u 
RNA species present in B lymphoma cells (2.4 and 2.7 kilo- 
bases)”. We show here that cells from the normal mouse 
thymus contain y RNA species, indistinguishable in size from 
those in T lymphoma cells, but contain little if any « RNA. 

To detect u and x RNAs in T- and B-cell RNA preparations, 
we used as probes DNA fragments’ derived from plasmids 
bearing cDNA copies of a u (ref. 9) and a x (ref. 10) mRNA. 
Polyadenylated RNA from the cells was fractionated by agarose 
gel electrophoresis, blotted from the gel onto diazoben- 
zyloxymethyl paper and hybridized with the **P-DNA probes’. 
RNA species which hybridized were detected by auto- 
radiography. Thymocytes were prepared’? from 5-6-week-old 
male CBA mice with care to exclude parathymic lymph nodes. 
They were found to be contaminated by 0.2-0.3% of surface 
immunoglobulin-positive cells, presumably B cells. The 
contaminating B cells were depleted at least threefold by 
treatment of the thymocytes with antiserum against la‘ followed 
by rabbit complement'*. To evaluate further whether contam- 
inating B cells might contribute to immunoglobulin RNA in 
thymocyte RNA preparations, we characterized RNA obtained 
from three sources of B cells: normal spleen, spleen cells from 
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Fig. 1 Detection of A, u RNA; and B, x RNA in T and B cells. 
Polyadenylated RNA isolated from the cells indicated was dena- 
tured, fractionated by agarose gel electrophoresis, transferred to 
diazobenzyloxymethyl paper’, hybridized with “P-DNA from 
cloned u (ref. 9) and « (ref. 10)cDNAs and autoradiographed for 3 
days (tracks a-h) or 10 days (tracks c’, d’, e), all as described 
previously”. Polyadenylated RNA (5 ug) was loaded onto tracks 
a-d and 0.5 ug onto tracks e-h. The sizes (in kilobases) are 
indicated on the left. The cells used for RNA preparation were: 
lane a, STRij-4-2.2 T lymphoma cells’; lane b, EMT6 sarcoma 
cells’; lanes c,d, c' and d’, thymus cells prepared from 5-6 week old 
male CBA/CaHWehi mice. The cells used for the RNA prep- 
aration in lanes c and c’ had been treated’? with antiserum against 
Ia“ (prepared in the congeneic A.TH anti-A.TL combination) 
followed by rabbit complement treatment and removal of damaged 
cells’?, Anti-Ia“/complement treatment reduced the number of 
surface immunoglobulin-positive cells (determined by 
immunofluorescence) from 0.2% to <0.06% and lowered the level 
of functional B cells detected in a limit dilution assay'” by at least 
10-fold; lanes e, e’, spleen cells, prepared from CBA.nu mice: lanes 
f and g, spleen cells, prepared from DBA/2 mice. The spleen cells 
used for lane f had been treated with anti-Thy-1 plus complement 
followed by damaged-cell removal, a procedure which removed 
29% of the cells and all detectable T cells; lane h, W231.1 B 
lymphoma cells. 


athymic nude mice and spleen cells treated with anti-Thy 1 plus 
complement to remove T cells. 

Autoradiographs revealing species of RNA hybridizing with 
radioactive u and « probes are shown in Fig. 1. Relative 
contents of u and « RNA estimated from densitometric 
measurements on the autoradiographs are listed in Table 1. 

In thymocyte RNA we detected u RNA species of 1.9, 2.2 
and 3.0 kilobases (Fig. 1a, tracks c, d, c' and d’). They were of the 
same size and relative abundance as u RNA species from 
STRij-4 T lymphoma cells (track a). In contrast, each of the 
three different types of B cell preparations tested contained u 
RNA species of 2.4 and 2.7 kilobases, analogous to the two 
species from WEHI-231 B lymphoma cells (tracks e-h and e’). 
As expected’, the control] RNA from the sarcoma cell line 
EMT6 (track b) contained no detectable u RNA. In comparing 
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the intensity of the u RNA signals in the various tracks shown in 
Fig. 1, note that 10 times more RNA from thymocytes and 
STRij-4 T lymphoma cells than from splenic B cells and WEHI- 
231 B lymphoma cells was loaded on to the gel, as the uw RNA 
content of thymocytes was 10- to 20-fold lower than that of B 
cells. 

It is crucial to know whether the y RNA species are authentic 
products of the C, gene as, for example, hybridization of an 
RNA species distantly related to the C, gene has been observed 
in a T lymphoma”. The results shown in Fig. 1A were obtained 
using a probe representing only domains 1 and 2 of the C, gene’. 
When a cloned segment containing only C, domains 3 and 4 
(ref. 7) was used as the probe, y RNA species identical to those 
shown in Fig. 1A were detected in anti-Ia* purified thymocytes 
(data not shown). Hence the thymocyte u RNA species must 
each contain sequences from both the 5’ and 3' halves of the C, 
gene, as is the case with T lymphoma u RNAs’. We have also 
examined the thermal stability of hybrids formed with thy- 
mocyte RNA and the probe for domains 3 and 4. The hybrids 
formed with each thymocyte u RNA species were stable to 
incubation at 65 °C in 0.036 M Na’. In these conditions, this 
DNA probe forms stable hybrids only with the C, gene’*, not 
with any other sequence in the mouse genome. Thus the thy- 
mocyte u RNAs are authentic products of the C, gene. 

As x chains comprise about 95% of the known immunoglobin 
light chains in the mouse, we expected that x RNA would be 
readily detectable in B cells and this was borne out (Fig. 1B, 
tracks e-g). ek RNA was also detectable in RNA from crude 
thymocyte preparations (Fig. 1B, track d), but in lower amounts 
than in any of the B cell preparations (Table 1). We think most of 
the « RNA comes from cells of the B lineage, because it was 
lowered by about threefold by depletion of B cells and plasma 
cells from the thymocyte population (Fig. 1B, track c), the 
resultant molar ratio of x RNA to u RNA was only one tenth of 
that found in purified B cells (Table 1). To delineate further the 
cellular origins of both u and x RNA in thymocyte preparations, 
we fractionated CBA mouse thymocytes on the basis of their 
buoyant density by centrifugation on continuous albumin 
gradients. The procedure used produces a marked separation of 
the minor, immunologically active, low Thy-1, cortisone-resis- 
tant, medullary subset (concentrated in fraction 2, Table 1) from 
the major subset (mostly found in fractions 3—4)'*. The few 
contaminating activated B cells and immunoglobulin-secreting 
plasma cells are concentrated in the least dense fraction”. While 
u RNA of the characteristic T lymphoma size classes was found 





Table 1 Relative u and « RNA contents of T and B cells 
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K RNA, 
Cells Purification ZRNA 
Expt 1 
STRij-4-2.2 Cloned cell line <0.01 
Thymus None 0.25 
Thymus Anti-Ia* 0.085 
Spleen None 0.90 
Spleen Anti-Thy-1 1.00 
Spleen From athymic nude mouse 0.72 
WEHI-231.1 Cloned cell line 1.83 
Expt 2 
Thymus None 0.065 
Thymus Fraction 1 (p = 1.0630-1.0730) 0.28 
Thymus Fraction 2 (p = 1.0730-1.0742) 0.024 
Thymus Fraction 3 (p = 1.0752~1.0798} 0.014 
Thymus Fraction 4 (p = 1.0798-1.0824) <0.02 
Thymus Fraction 5 (p = 1.0824~1.0910) <0.02 
Spleen Anti-Thy-1 1.00 
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* The relative amounts of u (or x) RNA in each sample were 
determined by quantitative densitometry on autoradiographs prepared 
as described in Fig. 1 legend. These values were normalized to the values 
obtained for T cell-depleted spleen celis, assuming the latter value to be 
1.0 mol x RNA per mol u RNA. 
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in all density fractions with little evidence for selective concen- 
tration in any fraction, the molar ratio of x :~ RNA decreased to 
<0.024 in fractions 2-5 (Table 1). More than 90% of the total x 
RNA was concentrated in the least dense fraction, which 
contained only 12% of the thymocytes. We conclude that the « 
RNA originates from contaminating plasma cells or activated B 
cells. Since plasma cells (as evidenced by plasmacytomas) 


contain about 100-1,000 times more immunoglobulin mRNA - 


than do B cells’*, they would contain at least 40,000 times as 
much «x RNA as our purified thymocytes (present data). Plasma 
cell contamination at a level of 1 in 40,000 could be present in 
thymocytes and might be the origin of immunoglobulin « chains 
which others have found to be synthesized by thymocyte 
suspensions’®. Our results certainly do not confirm earlier 
reports'®° suggesting the presence of similar amounts of x 
RNA in spleen and thymus cells. 

The average u RNA content of about 5-10 molecules per 
thymocyte is similar to that found in some T lymphoma cell lines 
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that we have studied’. We do not know, however, what propor- 
tion of thymocytes contain z RNA. Expression of the u but not 
the x gene in thymocytes suggests a close parallel with pre-B 
cells”? and this analogy is extended by the recently reported 
presence in an immature B cell lymphoma line* of y RNA 
species with sizes (2.1 to 3.0 kilobases), similar to those in T 
lymphoma lines. 

Our demonstration here of C, gene expression in normal 
thymocytes complements our results with cloned T lymphoid 
cell lines’. Together they constitute a strong case that the Cyu 
locus functions in at least some cells of the T lineage, perhaps to 
encode a component of the T cell antigen receptor. 
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Immunoglobulin light chain genes of the mouse are composed in 
germ-line DNA of four separate segments, the leader, V (vari- 
able), J (joining) and C (constant) segments. In immunocom- 
petent cells a V and a J gene segment are joined by a site-specific 
recombination event'*. In variants of the mouse myeloma 
MPC11 a so-called kappa (x) light chain fragment is expressed? 
which consists of the MOPC321 leader peptide, joined to the x 
constant region peptide**. Using the Southern blotting tech- 
nique we found that the gene coding for the light chain frag- 
ment has apparently been generated by an aberrant trans- 
location of a V gene segment identical or very similar to the 
MOPC321 V gene segment into the large intervening sequence 
between the J and the C gene segments. The resulting deletion of 
the splice signals of the J segments could be the reason for the 
observed splicing between leader and C region sequences, a 
phenomenon which may be of general interest for the under- 
standing of the splicing mechanism. 

Two variants of myeloma MPC11 were investigated. In one 
only the « light chain fragment is found; in the other one in 
addition an intact « light chain with MPC11 leader and variable 
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region peptides is expressed. The variants are called MPC11 (Lf) 
and MPC11 (L+ Lf), respectively. High molecular weight DNA 
isolated from mouse liver and the two MPC11 variants was 
digested with various restriction nucleases and fractionated on 
agarose gels. Liver DNA has been shown to contain the C gene 
segment in an arrangement very similar if not identical to the 
one found in germ-line DNA’. After denaturation the DNA 
fragments were transferred to nitrocellulose filters® and hybri- 
dized with a nick-translated plasmid probe specific for the C 
gene segment plus about 2,000 base pairs of surrounding 
genomic DNA sequences. Figure 1 shows the autoradiograms 
obtained after digestion of the three DNAs with EcoRI, Ssil, 
BamHI, and EcoRI plus Hpal. The chain length of fragments 
observed in these and other digestion experiments are compiled 
in Table 1. In the EcoRI digests of both, MPC11 (L+Lf) and 
MPC11 (Lf) DNA a 19 kilobase band was identified while liver 
DNA (not shown) yielded the known”?! 15 kilobase fragment. 
The 19 kilobase band of MPC11 (..+Lf) is composed of two 
fragments of similar length as could be shown by digestion with 
for example BamHI. Two fragments were formed, the smaller of 
which was also found in digests of MPC11 (Lf) DNA (Fig. 1). 
The BamHI fragment of liver DNA differs from the two frag- 
ments of MPC11 DNA. A pattern of corresponding and non- 
corresponding fragments was also obtained in the analysis of the 
C region specific fragments with Hpal (Fig. 2). The BamHI and 
Hpal fragment patterns already indicate the existence of two 
differently rearranged x light chain genes in MPC11 (L+Lf) 
DNA. Only one of the rearranged x genes is preserved in 
MPC11 (Lf) DNA which must be the one responsible for the 
synthesis of the L chain fragment. 

According to the known amino acid sequence? of the MPC11 
L chain and the nucleotide sequence of the five J gene seg- 
ments?’ either J1 or J2 should be the target of the site-specific 
recombination process which leads to the formation of the 
complete MPC11 L chain gene. Restriction nucleases which 
cleave in the large intervening sequence between J2 and the C 
gene segment should then generate the same fragment from 
MPC11 (L+ Lf) and liver DNA (compare Fig. 2). This was the 
case in Bell, Xbal, and SstI digests (Figs 1, 2). The additional 
fragments in MPC11 (L+Lf} DNA digests correspond to the 
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Fig. 1 Identification of DNA fragments containing the « C gene segment in restriction endonuclease digests of mouse liver, MPC11 (L +Lfiand MPC11 (LA) 
DNA. Clone 66.2 (ref. 3) designated MPC11 (L+ Lf) and clone NP-2 (ref. 3) designated MPC11 (Lf), originally provided by R. Laskev (Hebrew University, 
Jerusalem), were maintained as solid tumours by subcutaneous transplantation in inbred BALB/c mice. DNAs were prepared according to ref. 13. Samples of 
10 ug of DNA were digested with 10 units of EcoRI, BamHI, Ssl (Bethesda) or Hpal (Boehringer Mannheim) plus EcoRI for 3h at 37°C in volumes of 
150-200 yl. Plasmid DNA when mixed with mouse DNA was completely digested. DNA digests were electrophoresed on a 0.7% or 0.5% (EcoRI digest) 
agarose gel in Tris-EDTA-phosphate buffer’* containing 1 wg mi~’ ethidium bromide at 1.4 V cm™! overnight. The gels were then exposed to 254 nm light for 
5-10 min’* and submitted to the transfer procedure“. The hybridization probe had been constructed by subcloning in pBR322 the 2.8 Hindlll-BamH! 
fragment containing the C gene segment of the 14 kilobase EcoRi fragment from myeloma DNA’. The subcloned fragment is identica] to the corresponding 
fragment from liver DNA (ref. 7, Fig. 2). Nick-translation'*’’ of the plasmid DNA with [a-*?P]dATP and [a-PJdCTP ted to 2x 1€* c.p.m. per ug DNA. 
Filters which had been baked for 2 h at 80°C in vacuo were preincubated in 3 x SSC, 10 x Denhardt's solution" for 3 h at 68 °C and subsequently in 2 x SSC, 
6:6x Denhardt’s solution, 50 ug mi”’ sheared and heat-denatured salmon sperm DNA, 0.1% SDS for 1h at 68°C’ The filters were then incubated in a 
graduate in a volume of 2.5 ml of the latter solution supplemented with 40 ng m!~' heat-denatured nick-translated probe for 15h a 68°C under constant 
rotation. After this hybridization filters were washed six times for 5-10 min each in 2 x SSC, 6.6 Denhardt's solution, 0.1% SDS at 68 °C and twice in 1 x SSC, 
0.1% SDS at 65°C 15 min each. Some of the filters were further washed in 0.1 x SSC, 0.1% SDS at 65 °C, which did not alter the band pattern shown. Dry 
filters were exposed to Kodak X-Omat R film for 2 d at ~80 °C with a SE6 intensifying screen from Cawo (Schrobenhausen, West Germany). The slots contain 
the following: liver, L+ Lf, Lf, restriction fragments of mouse liver DNA, MPC11 (L+Lf) and MPC11 (L DNA, respectively. The hybridization marker (M) 
consisted of 100 pg each of a Pstl, HindIII, BamHI, and Hpal digest of the genomic clone Ch4A 173/1 (ref. 7) and 100 pg of a Hind TI plus Pel digest of a 
PBR322 subclone** containing the 2.7 kilobase Bg/ll fragment with the C gene segment from liver DNA (compare Fig. 2). Fragment size: are given in kilobases. 


fragments in MPC11 (Lf) DNA digests, indicating that the The previous conclusions are based on the assumption that 
recombination in the MPC11 (Lf) genome has occurred the C gene segment itself and its 3' flanxing sequence has not 
to the right of the Sstl cleavage site in the large intervening been altered. This is made likely by the occurrence of identical 
sequence. fragments in the digests of the three DNAs (12 kilobases in the 
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Fig. 2 Organization of the x C gene segment in mouse liver, MPC11 
(L+Lf) and MPC11 (Lf) DNA, Only those restriction endonuclease 
cleavage sites which were identified by Southern gel blotting experiments are 
shown. J (positions according to refs. 8, 9) and C gene segments are indicated 
by bars and boxes. Regions on the MPC11 DNA which differ from each 
other and from those on the liver DNA are shown as hatched boxes. DNA 
segments carrying the recombination site are indicated as stippled boxes. 
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Hpal and 2.3 kilobases in Bg/I digests) and is further supported 
by double digestion experiments with pairs of restriction 
nucleases which cleave in the C gene segment and the 3’ flanking 
sequence and therefore should lead to the identification of the 
same DNA fragment in all three genomes. In Hpal plus EcoRI 
digests of the three DNAs the expected 9.7 kilobase fragment 
was found (Fig. 1). Also, Hpal plus Xbal, BglII plus Ssél, and 
Bgill plus BamHI digests yielded fragments which were com- 
mon to the three DNAs (Table 1). The other fragments in the 
double digestion experiments are obviously derived from the 5' 
flanking sequences of the C gene segment. 

To show directly that the recombination process leading to the 
formation of the Lf genome gave rise to a deletion of the J gene 
segments EcoRI and Xbal digests of the MPC11 DNAs were 
hybridized with the EcoRI-Beglll fragment from liver DNA 
containing the J gene segments (Fig. 2; compare also refs 8, 9) 
which had been subcloned’? in pBR322. No hybridization band 
could be detected in digests of MPC11 (Lf) DNA whereas a 19 
kilobase EcoRI resp. a 2.2 kilobase Xbal fragment (Table 1), 
obviously derived from the chromosome containing L chain 
gene, was identified in digests of MPC11 (L+Lf) DNA (not 
shown). 

The mapping data on the MPC11 L and Lf genes are sum- 
marized in Fig. 2 and compared to the arrangement of the J and 
C gene segments in liver DNA. From our data the region where 
the recombination has occurred can be confined to the Xbal- 
BglII fragment for the MPC11 L chain gene (in agreement with 
the sequence data in refs 8-10) and to the BamHI-Hindlll 
fragment for the Lf gene (stippled boxes in Fig. 2). The HindIII 
sites to the left of the C gene segment have been found at the 
same positions on all three mouse DNAs. The localization of the 
recombination site involved in the formation of the Lf gene was 
supported by the results of HinfI digestions of MPC11 (Lf) DNA 
(data not shown) although the interpretation of the blots was 
complicated, probably due to methylation of some of the 
restriction sites. 

Since the Lf mRNA of MPC11 contains the MOPC321 light 
chain leader sequence it was of interest to search near the C gene 
segment of the MPC11 DNA for this sequence and also for 
MOPC321 V gene sequences. The hybridization probes we had 
available for these experiments were a Psi subclone of 
MOPC321 cDNA comprising the leader sequence and a small 
part of the MOPC321 V gene segment as well as a BamHI 
subclone containing only V region sequences (Fig. 3 legend). In 
EcoRI digested liver DNA we identified with either probe all 
DNA fragments which are known'’ to contain MOPC321 V 
region related sequences (in addition two small DNA fragments 





Table 1 Length of some restriction nuclease fragments containing C or J gene segments 


TC ARA AAA AAAA AN AAAA RARA AAAA AAAA AAAA A e i airia iina maama 


LIVER 

common shared unique 
EcoRI 15 
BamM 12 
Hpal 12 13 
Belli 2.3 2.7 
Ssi 3.6 
Xbal 5.4 
Hindi 4.2 
Hpal + EcoRI 9.7 5.1 
Hpal + Xbal 3.1 2.3 
Belil + Ssi 1.1 2.6 
Bglll + BamHI 1.0 2.7 
EcoRi 1s 
Xbal Jil 


MPC11(L+Lf) MPC11 (Lf) 
common shared unique common unique 
L Lf Lf 
19 19 19 
8.5 3.1 3.1 
12 7.5 3.3 i 3.3 
2.3 2.7 3.2 2.3 3.2 
3.6 6.5 6.5 
5.4 9,7 9.7 
4.2 4.2 
9.7 7.5 33 9,7 3.3 
3.1 2.3 3.3 3.1 3.3 
ick 2.6 3.2 i] 3.2 
1.0 2.7 2.0 1.0 2.0 
19 None 
tis None 





DNA fragments were identified by hybridization with a subclone containing the C gene segment (Fig. i legend), except for the last two digests where a subclone 
containing the J gene segments (see text) had been used. ‘Common’ fragments were found in all three digests and ‘shared ones only in the liver and the MPCi1 (L + Lf) 
DNA digests; ‘unique’ fragments are derived exclusively from the liver, the L, or the Lf genome. Appropriate sizes are given for the fragments as they are obtained in 
Southern blot analysis while for the markers (Fig. 1) the more exact values are used which were determined by mapping of cloned fragments, 
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Fig. 3 Identification of restriction 
nuclease fragments in mouse liver, 
MPC11 (L+Lf) and MPC11 (Lf) 
DNA which hybridize to MOPC321 
V region probe. Nuclease digestions, 
electrophoresis, markers, blotting, 
and hybridizations were as in Fig. 1, 
with the following exceptions: elec- 
trophoretic separation of the EcoRI 
digested DNA was for 3 d at 
1 Vem"! in the cold room; prein- 
cubation of the filters was in 6 x SSC 
and hybridization in 4 x SSC instead 
of 3 x SSC and 2 x SSC, respectively; 
after hybridization the filters were 
washed with 1 x SSC and 
autoradiographed for 9 d with a SE6 
intensifying screen. As hybridization 
probes for the EcoRI and Ssi blots 
subcloned Psfl-Psti and BamHI- 
BamHI fragments were used, 
respectively, which had been derived 
from a MOPC321 cDNA clone”?! 
The Pstl fragment of ~160 base 
pairs contains a short GC-tail, 13 
base pairs of the MOPC321 §’ 
untranslated region and the entire 
leader sequence plus the V region 
DNA sequence up to the codon for 
Cys (I. Schechter and A, Bothwell, 
in preparation). The ~100 base pair 
BamHI fragment contains part of 
the MOPC321 V region DNA 
sequence from a Gly codon at posi- 
tion 57, 64, or 66 to the “Gin 
codon”? ?!, Very similar or identical 
patterns were obtained when the 
BamHI probe was used for the 
EcoRI digest and the Pstl probe for 
the Ssil digest. 


could be identified which are not shown in Fig. 1 of ref. 11). In 
the EcoRI digests of both MPC11 DNAs three of these frag- 
ments (22, 9.5 and 3.6 kilobases) were absent while a 19 
kilobase fragment not found in the liver DNA digest was seen 
(Fig. 3). The absence of germ-line V gene fragments and the 
appearance of a new fragment indicate that MOPC321 leader 
and V region segments have been arranged. In the EcoRI, Sst, 
and the Xbal digests of both MPC11 DNAs the new fragments 
are identical in size to the fragments detected with the C region 
probe in the Lf genome (Table 1); this refers to the fragments of 
19 kilobases (Fig. 3), 6.5 kilobases (Fig. 3), and 9.7 kilobases 
(not shown), respectively. It is of particular interest that very 
similar or identical hybridization patterns were found with the 
leader and the V gene probes (Fig. 3 legend). The results are best 
interpreted by assuming that in the MPC11 Lf genome the V 
gene segment of MOPC321 or a segment with a closely related 
V gene has been translocated into an aberrant position inside the 
large intervening sequence. It is not known yet whether the 
sequences at this recombination point bear similarity to the ones 
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at or near the known J gene segments. Probably the whole 
region comprising the MOPC321 leader and V gene segments or 
a large part of this region has been translocated. Since 
apparently the J region with its splice points is deleted in the 
MPC11 (Lf) genome (see above; Fig. 2) the mRNA coding for 
the light chain fragment has to be formed by a splicing event (or 
events) in the pre-mRNA between the leader and C region. 
Further work is needed to establish whether the translocation of 
the MOPC321 gene segments into the large intervening 
sequence occurs directly or through a V-J joining and 
subsequent deletion of part of the intervening sequence includ- 
ing the splice signal. 
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The capacity of the rough endoplasmic reticulum (RER) 
membrane of eukaryotic cells to translocate nascent prese- 
cretory proteins from the cytosol to the intracisternal space is 
preserved on cell fractionation and can be assayed in vitro’. Two 
attempts to characterize this translocation activity have been 
reported. Warren and Dobberstein’ reported that microsomal 
membranes can be depleted of their translocation activity by 
extraction with a solution of high ionic strength (500 mM KCI 
and that activity can be restored to the depleted membranes by 
re-addition of the salt extract. On the other hand, Walter et al.’ 
reported that KCI extraction of the microsomal membrane does 
not result in complete depletion of its translocation activity. 
However, mild trypsinization of the microsomal membrane 
released a tryptic fragment(s) from the membrane which, when 
recombined with a tryptically inactivated membrane fraction, 
restored translocation activity’. We now show that both the 
trypsin and the KCI extracted factors, but not the membrane- 
integrated remainder of the translocation apparatus, contain at 
least one sulphydryl group that is essential for activity. 

Cur assay for the translocation activity of microsomal 
membranes takes advantage of the obligate coupling of trans- 
location to proteolytic processing of nascent presecretory pro- 
teins’; hence, the ratio of ‘processed’ prolactin to ‘un- 
processed’ preprolactin is a readily quantifiable measure of the 
translocation activity of the microsomal membrane. 

It was previously noted® that N-ethylmaleimide, a sulphydryl- 
mocifying reagent, inhibited translocation. Our data here 
confirm this observation. Preincubation of ribosome-stripped 
microsomal vesicles with 1.5 mM N-ethylmaleimide completely 
inhibited translocation, as virtually no processed prolactin was 
synthesized (Figs 1, 2, compare lanes 2 and 3). 

A quantitative analysis of this inhibition by various concen- 
trations of N-ethylmaleimide and other sulphydryl-modifying 
reagents (TLCK, a trypsin inhibitor, is mildly reactive with 
sulphydry! groups’) is shown in Fig. 3. We also analysed dupli- 
cate aliquots of these same modified samples by the signal 
peptidase-independent translocation assay described by Warren 
and Dobberstein’. In this, translocation activity is determined 
from the ability of the microsomal membrane to protect trans- 
located polypeptides from proteolytic digestion, as quantitated 
by an increase in trichloracetic acid-precipitable radioactivity. 
Values comparable to those presented in Fig. 3 (data not shown) 
were obtained. N-Ethylmaleimide was the most effective 
inhibitor of translocation. At a concentration of less than 
1.0 mM, N-ethylmaleimide completely inhibited translocation 
(Fig. 3a, b). Although the other sulphydryl-modifying reagents 
tested were also effective, concentrations in excess of 1.0 mM 
were required to achieve complete inhibition of translocation in 
the given conditions. Interestingly, the bound ribosomes of 
‘native’ rough microsomes do not protect the sensitive sulphy- 
dryl group(s) from N-ethylmaleimide modification. As shown in 
Fig. 3b, N-ethylmaleimide-modified rough microsomes, when 
stripped of ribosomes by EDTA extraction and subsequently 
assaved for translocation activity, are inhibited to the same 
extent as an equivalent amount of microsomes which had been 
stripped of ribsomes before N-ethylmaleimide modification. 
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To rule out the possibility that the observed inhibition of the 
synthesis of processed prolactin could have resulted from an 
inactivation of signal peptidase rather than an impairment of 
translocation, N-ethylmaleimide-modified stripped microsomes 
were dissociated with sodium deoxycholate and assayed for 
signal peptidase activity in a post-translational assay’. The 
results (Fig. 4) demonstrate that signal peptidase is not 
inactivated by N-ethylmaleimide modification. 

The fact that the translocation apparatus can be separated 
into soluble and membrane-associated fragments enabled us to 
localize the sensitive sulphydryl group(s) to either of these 
fragments. Soluble fragments were prepared as previously 
described’, by subjecting EDTA-stripped and KCl-extracted 
microsomal vesicles to low concentrations of trypsin (7 pg ml"). 
Although such a mild treatment does not completely separate 
the membrane from the soluble portion of the translocation 
apparatus, it avoids the rapid inactivation of the solubilized 
fragments observed at higher concentrations of trypsin’. 
Centrifugation yielded a supernatant fraction that was further 
incubated in the absence or presence of N-ethylmaleimide. 
These fractions are referred to as t;-sup or t;n-sup, respectively. 

Membrane-associated fragments, on the other hand, were 
prepared by digestion of EDTA-stripped, salt-extracted micro- 
somal vesicles with a high concentration of trypsin (60 wg ml’). 
This harsher treatment generates a membrane fraction that is 
completely translocation inactive by itself (see Figs 1, 2, lane 7) 





Fig. 1 The sulphydryl group required for translocation is located on a 
cytoplasmically disposed, trypsin-sensitive domain of the translocation 
apparatus. Supernatant (sup) and membrane (mb) fractions were prepared 
from mildly (7 gmi’) and extensively (60 pugmi +) trypsin-digested 
samples of EDTA and KCl-stripped rough microsomes (k-mb) as previously 
described”. Aliquots of these fractions were reacted with 1.5 mM N-ethyl- 
maleimide for 30 min at 25 °C, then quenched with a 10 fold molar excess of 
dithiothreitol (DTT). Both modified and unmodified fractions were assayed 
for their ability to support and/or reconstitute the translocation of pre- 
prolactin across the microsomal membrane. Samples of the indicated frac- 
tions were added to a wheat-germ in vitro translation system’? programmed 
with bovine pituitary RNA and supplemented with human placental ribo- 
nuclease inhibitor’! at a final concentration of 0.006A,,, units mi~’. In 
assaying for the reconstitution of translocation by the t-sup fractions, 3 ul of 
the indicated supernatant fraction were added to a typical 25-pl translation 
mixture. (3 wl of t-sup are derived from 0.126A agx units of stripped micro- 
somes.) Where indicated, membranes were present at a final concentration 
of 2.3 Asg units mi‘. Translation products were separated by poly- 
acrylamide gel electrophoresis in SDS, and detected by autoradiography. 
Translocation capacity is assessed from the ability of the added fractions to 
process preprolactin (pPL) to prolactin (PL). The membrane fractions are: 
k-mb, KCI and EDTA-stripped rough microsomes, kn-mb, N-ethyl- 
maleimide-modified k-mb; t,,-mb, extensively (60 pg ml +) trypsinized 
k-mb; t,on-mb, N-ethylmaleimide-modified t,,-mb. The supernatant frac- 
tions are: t,-sup, supernatant from mildly (7 ug ml~') trypsinized k-mb; 
tzn-sup, N-ethylmaleimide-modified t,-sup. 
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Fig. 2 A factor removed from EDTA-stripped rough microsomes by 
extraction with 0.5 M KCI also contains an essential sulphydry! moiety. 
EDTA-stripped rough microsomes were extracted with 0.5 M KCI, as 
described by Warren and Dobberstein’. Aliquots of the KCI extract (k-sup) 
and membrane (k-mb) fractions were modified with 1.5mM N-ethyl- 
maleimide as described in Fig. 1 legend. Samples of the modified and 
unmodified supernatant and membrane fractions were assessed for their 
ability to support and/or reconstitute translocation activity as indicated by 
their ability to process preprolactin to prolactin. In assaying for the recon- 
stitution of translocation by the t-sup and k-sup fractions, 3 ul of these 
supernatant fractions were added to a typical 25-yl translation mixture. (3 yl 
of k-sup are derived from 0.154A,,, units of EDTA-stripped microsomes.) 
Where indicated, membranes were present at a final concentration of 
2.3 Azgo units ml”'. The abbreviations used are: k-sup, 0.5 M KCl extract of 
EDTA-stripped rough microsomes; kn-sup, N-ethylmaleimide-modified 
k-sup; other abbreviations are as in Fig. 1. 


but retains its competence to serve as acceptor for the solu- 
bilized fragment(s) and thereby to restore translocation activity 
(Fig. 1, lane 9). Before assaying for translocation activity, the 
trypsinized membrane fraction was further incubated in the 
absence or presence of N-ethylmaleimide. The resulting frac- 
tions are referred to as tgo-mb or tgon-mb, respectively. 

The effects of N-ethylmaleimide treatment of these various 
fractions as well as some essential controls are shown in Fig. 1. 
Two conclusions can be drawn from the data. First, N-ethyl- 
maleimide inactivated only the trypsin-solubilized fragments, 
but not the membrane-integrated remainder of.the trans- 
location apparatus (compare lanes 11, 12 with 9, 10). Thus, the 
important sulphydryl group(s) is located in the cytosol-exposed, 
trypsin-sensitive domain of the translocation apparatus. 
Furthermore, as N-ethylmaleimide readily permeates 
membranes, and as reconstitution of translocation is not affected 
by N-ethylmaleimide modification of teo-mb (Fig. 1, lane 10), 
the residual t.o-mb cannot contain any sulphydryl groups essen- 
tial for translocation, that is, the essential sulphydryl is located 
exclusively on the cytosol-exposed domain of the translocation 





those that are experimentally generated by trypsinization 
(teo-mb fraction). This was previously suggested by the finding 
that the translocation activity of trypsin-inactivated membranes 
could be increased to levels greater than those of untrypsinized 
membranes by the addition of saturating concentrations of the 
trypsin-solubilized supernatant factor’. Here it is indicated by 
the finding that a non-trypsinized, but N-ethylmaleimide- 
modified membrane fraction (kn-mb) which is translocation 


apparatus. Second, non-trypsinized control membranes (k-mb) 


inactive (see Fig. 1, lane 3) can be partially reactivated by 
must contain membrane-integrated fragments comparable to 


a t,-sup fraction (lane 4). In other words, the control, 
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Fig.3 a, Inhibition of precursor processing (and translocation) by sulphydryl-modifying reagents. Stripped rough microsomes (st-RM) were prepared as previously 
described*:'* with the exception that DTT was excluded from all buffers. Modification reactions (50 jl) contained stripped microsomes at a final concentration of 
46.5 Argo units (determined in 5% SDS), 1% Trasylol, 0.2 M sucrose, 100 mM triethanolamine-HC! (TEA-HCI), pH 7.5, 40 mM KC), 0.8 mM MgCl, and the 
indicated concentration of freshly prepared sulphydryl-modifying reagent. Reactions were quenched after 30 min at 25 °C by the addition of at least a 10-fold molar 
excess of DTT. The DTT- inactivated sulphydryl-modifying reagents were removed from the modified stripped microsomes by centrifugation in a Beckman cellulose 
nitrate airfuge tube containing a sucrose step gradient comprised of 80 yl of 0.5 M sucrose, 10 mM TEA-HCI, pH 7.5, 1 mM DTT and 25 ul of 2.0 M sucrose in the 
same buffer. After centrifugation (5 min, at 30 Ib per sq. inch, 100,000g,,) the microsomes were removed from the 2.0-0.5 M sucrose mterface with a Hamilton 
syringe, brought to a total volume of 20 ul with 10 mM TEA-HCI, pH 7.5, and 1 mM DTT, and assayed for their ability to support translocation (see text) and 
processing of preprolactin to prolactin, Translocation assays were carried out in a final volume of 50 ul in a wheat-germ translation system'® supplemented with 
human placental ribonuclease inhibitor'’ at a final concentration of 0.006 Aso units mi~’. The wheat-germ system was programme with pituitary RNA and 
supplemented with the appropriately modified membranes at a final concentration of 2.3 A, units m~’. The **S-Met-labelled products were separated by ge! 
electrophoresis in SDS, detected by autoradiography of the dried gel and quantitated by excising and counting the portion of the gel contaming the **S-Met-labelled 
preprolactin and prolactin products*’?. Processing is expressed as per cent of control, unmodified membranes (+mb). In this particular experiment, the absolute 
amount of preprolactin processed by the unmodified membranes was 35.0% of the total preprolactin synthesized. The abbreviations used are: N-ethylmaleimide, 
NEM; iodoacetamide, IAA; p-chloromercuribenzene sulphonic acid, PCMBS; N-a-p-tosyl-L-lysine chloromethyl ketone, TLCK; sodium dodecyl sulphate, SDS. 
b, The processing (and translocation) activity of both rough and stripped rough microsomes is inhibited by N-ethylmaleimide modification. A rough microsomal! 
fraction (RM), 107 Azs units ml~', was divided into two samples. Ribosomes were removed from the microsomes of one of these samples by mixing the sample with 
one volume of a ribosome-stripping solution containing 0.25 M sucrose, 40 mM EDTA and 50 mM TEA-HCI, pH 7.5. The stripped microsomes (st-RM) were 
separated from EDTA by centrifugation. Aliquots of both the stripped and the unstripped microsomes were modified with the indicated concentration of 
N-ethylmaleimide (NEM) as described in a. After inactivation of residual N-ethylmaleimide with DTT, ribosomes were removed from the rough microsomal 
fractions by EDTA extraction, as described above. The modified, stripped microsomes were separated from inactivated N-ethylmaleimide and EDTA by 
centrifugation and assayed for translocation activity (see a), In this particular experiment, the absolute amount of preprolactin processed by the unmodified stripped 
microsomes was 74.5% of the total preprolactin synthesized. 
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Fig. 4 Aliquots (40 ul) of stripped microsomes (56 Asu units ml `) were 
modified with the indicated concentration of N-ethylmaleimide as described 
in Fig. 3a legend. After termination of the modification reaction with DTT 
(see Fig. 3a), the microsomes were dissociated by the addition of sodium 
deoxycholate to a final concentration of 0.5% (w/v) and were assayed for the 
ability of signal peptidase to process full-length **S-Met-preprolactin (pPL) 
as previously described". Lane 1: control, unprocessed preprolactin; lane 2: 
processing by unmodified, deoxycholate-dissociated microsomes; lanes 3, 4: 
processing by microsomes which had been modified with 10 mM (lane 3) or 
20 mM (lane 4) N-ethylmaleimide before deoxycholate dissociation 


untrypsinized membranes behave as if they had already been 
subjected to limited proteolytic degradation, resulting in the 
production of some nonfunctional but reactivatable trans- 
location sites. As expected, the observed reactivation of the 
kn-mb fraction is eliminated when a t-n-sup fraction (Fig. 1, lane 
5) is substituted for the t,-sup fraction. 

In the controls in Fig. 1, we show that neither the t,-sup (lane 
13) nor the t,n-sup (lane 14) fractions are themselves capable of 
supporting translocation in the absence of added membrane. An 
additional control (lane 6) demonstrates that the t;n-sup frac- 
tion does not inactivate translocation by added k-mb, indicating 
that our procedures (see Fig. 3a) for quenching N-ethyl- 
maleimide are effective and that the observed effects of the 
N-ethylmaleimide-modified fractions are not due to a carryover 
of residual N-ethylmaleimide. 

The presence of nonfunctional, but reactivatable trans- 
location sites in untrypsinized k-mb suggested that the ‘salt 
factor’ of Warren and Dobberstein’ is in reality a salt-extract- 
able, proteolytic fragment of the translocation apparatus, 
comparable to that experimentally generated by trypsin. 
Therefore, one would expect that the salt factor, like the trypsin- 
generated soluble fragment(s), might also contain a sulphydry] 
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group(s) that is essential for activity. These expectations were 
indeed borne out by data shown in Fig. 2. Although in our hands 
KCl extraction does not result in a complete loss of translocation 
activity, our KCI extract (k-sup) fraction does contain a salt 
factor which is able to restore translocation activity to trypsin- 
inactivated microsomes (Fig. 2, lane 9), to N-ethylmaleimide 
inactivated microsomes (Fig. 2, lane 10) and to microsomes 
inactivated by both trypsin and N-ethylmaleimide (Fig. 2, lane 
4). In fact, the ability of the KCI extract to restore translocation 
is quantitatively superior to that of the tryptic extract (compare 
Figs 1 and 2, lanes 4, 9, 10). Although this difference in activity 
may reflect a genuine difference in the absolute reactivation 
capacity of the KCI and tryptic factors, other explanations 
(particularly tryptic inactivation of a substantial portion of the 
trypsin-solubilized factor) are also likely. Nevertheless, like its 
trypsin-generated counterpart, the salt factor is readily 
inactivated by N-ethylmaleimide (Fig. 2, compare lanes 5, 11, 
12 with lanes 4, 9, 10). The control (Fig. 2, lane 6) demonstrates 
that the N-ethylmaleimide-inactivated salt factor does not affect 
translocation of EDTA-stripped, KCl-extracted membranes 
(Fig. 2, compare lane 6 with lane 3), indicating that the observed 
effects of the N-ethylmaleimide-modified fractions are not due 
to a carryover of residual N-ethylmaleimide. 

From these experiments, we conclude that the translocation- 
reactivating factors present in k-sup and t,-sup are functionally 
and structurally similar, in that both restore translocation 
activity to N-ethylmaleimide- or trypsin-inactivated test 
membranes, and both contain an essential sulphydryl group(s). 
Although both these factors are probably derived from the same 
parent molecule, differences in their extractability (the trypsin 
factor is released in the absence of salt) suggest that tryptic 
digestion removes a smaller fragment of the parent translocator 
protein than is generated by the endogenous tissue protease(s) 
which produces the salt factor. Presumably, it is this additional 
domain of the salt factor which is responsible for the differential 
salt extractability of the salt and tryptic factors. In any case, the 
observation that the cytoplasmically disposed domain of the 
translocation apparatus contains an essential sulphydryl which 
can be readily modified provides us with a tool which should be 
extremely useful in the purification and characterization of the 
polypeptides responsible for translocation of nascent secretory 
and membrane proteins across the membrane of the rough 
endoplasmic reticulum. 

This work was supported by US Public Health Service grant 
CA12413. R.C.J. is the recipient of Postdoctoral Fellowship 
GM05829 from the National Institute of General Medical 
Science. 
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When cultures of Escherichia coli are exposed to a low level of 
the alkylating agent N-methyl-N'-nitro-N -nitrosoguanidine 
(MNNG) they accumulate mutations for about 20 min and then 
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become resistant to further mutagenesis by that level of 
MNNG’. This ‘adaptive response,’ has been shown to be due, at 
least in part, to induction of the rapid repair of O*-alkyl- 
guanine’ * which appears to be the main mutagenic and 
carcinogenic lesion produced by simple alkylating agents”’. A 
similar kind of repair has been demonstrated in the livers of rats 
exposed to nitrosamines’, and this presumably helps to protect 
animais against carcinogenesis by the various alkylating agents 
that are widespread in our environment. It seemed important, 
therefore, to find out just how effectively such adaptive respon- 
ses can control mutation rates. 

The very efficiency of the response of E. coli to MNNG 
imposed certain constraints on the experiment to measure resi- 
dual mutation rates. To prepare cultures of adapted bacteria 
which are free from the mutants that initially arose when 
adaptation was being induced, it is necessary to start each 
culture with only a few thousand adapted bacteria. But 
measurement of the subsequent very low mutation rate of 
bacteria growing in the presence of the level of MNNG to which 
they are adapted requires samples of at least 10” bacteria. It was 
therefore necessary to prepare a low pH, low phosphate’ growth 
medium in which MNNG was sufficiently stable to survive for 
more than 12 bacterial generations (10-15 h). In practice, the 
stability of MNNG in such a medium is best checked by observ- 
ing the distribution of mutant clone sizes in replicate cultures; 
for, if its concentration is effectively unchanged for the course of 
the experiment and the mutation rate (7) per cell per generation 
is therefore constant, the proportion of cultures of N bacteria 
that contain x or more mutants will follow the distribution of 
clone sizes, described by Luria'® for mutations that arise at 
random in an exponentially increasing population: namely 





ead 2mN | 
x ¥ P.-+2mN, as o 36 (1) 
=x x 


and the proportion of cultures that contain one or more mutants 


will be 
=N 


P,=1-—exp(—2mN) (2) 
{=} 
[In the present instance, it is not necessary to consider the time 
of duplication of different genes in the cell cycle, because the 
experiments are solely concerned with comparisons between 
mutation rates at a single locus and furthermore do not deal with 
fractional generation times. | 
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Fig.1 The distribution of arg” revertant clone sizes in cultures of 
E. coli AB 1157 growing in the presence of 0.5 yg ml”! MNNG. If 
the mutation rate is constant, the proportion of such cultures that 
contain x or more revertants will approach 2mN/ x (equation (1)), 
and the best estimate of mN can be obtained by fitting a line of 
slope ~1 to a plot of the logarithm of these proportions against 
log x and then measuring the intercept at x = 1. Here, the intercept 
gives log (2 mN) equal to 0.48, or 2 mN equal to 3. As N equalled 
4x10’, m equals 4x 1078. 


177 
From either of these equations it is possible to measure the 
spontaneous mutation rate of unadapted bacteria growing in the 
absence of MNNG and the overall mutation rate (provoked plus 
spontaneous) of adapted bacteria growing in the presence of the 
concentration of MNNG to which they have been adapted. 
What the MNNG-provoked mutation rate would have been, in 
the absence of the adaptive response, can be determined simply 
by exposing a strain that cannot induce the response’ to the 
medium in which the adapted bacteria had been growing; after a 
period of one generation these non-adapting bacteria will 
contain mN mutants. a 
The results of such an experiment are shown in Table 1 and 
Fig. 1. Most mutant clones in the adapted cultures are small (that 
is, of recent origin) and have the expected distribution (Fig. 1). 
The extra mutation rate in the MNNG-adapted cultures was 
3.5x 10°" arg* per generation, but the medium in which these 
bacteria were growing produced 20,000x 10° are” per 
generation in an adaptation-deficient strain. In these particular 
conditions, therefore, the adaptive response was lowering the 
mutation rate about 6,000-fold. This is a surprising result. Each 
DNA base in E. coli serves as template once every 2,500 s. For 
adaptation to lower 6,000-fold the probability that an altered 
base serves as a source of mutation, the adaptive response may 
have to render each premutational lesion such as O°-methy!- 
guanine harmless within 0.5 s: (of course, the process would not 
have to be completed so quickly if the enzymes for post- 
replication mismatch repair can recognize and correct structures 
such as O°-methylguanine-thymine base pairs). Conceivably, 
the reaction succeeds in being rapid because the catalytic reac- 
tant restores the normal base-pairing properties of the guanine. 





Table 1 Measurement of the mutation rate produced by 0.5 ng mi”! 
MNNG in bacteria that are either adapted or unable to adapt 


Mutation 
. rate per 
Cells arg” revertants generation 
plated x 10° 
AB 1157 4x10’ 0,06, 0, 0.0, 0, 0,0, 0, 0.5* 
0, 0, 0, 0, 6, 0, 0, 0, 0, 
0,0,0,0,1,1,1, 1,1, 
1.1,2,2,5 
AB 1157 in 44107 0,2,2,3,3,3,3,3,4, 4.04 
0.5 pg ml’ MNNG 4,4,4,5,5,5,5, 4,7, 
7,7,8. 9, 13, 19, 23, 
42, 55, 89, 239, ~2 000 
AB 1157 ada 5 6x10’ 0,0,0,0,1,1,1,1 mi A” 
AB 1157 ada 5 1x10° 174,181, 192, 196, 20,000 


1 hr in supernates 204, 204, 211,231 


of MNNG cultures 





A culture of E. coli AB 1157 (arg, his, leu, pro, thr, thi) was grown in a 
low pH, low phosphate medium containing 0.1 M NaCl, 0.04 M KCI 
0.02M NH,Cl 1mM MgCl, 0.5mM KH.PO,, 0.2 mM NaSO 
0.1 mM CaCh, 0.01 mM FeCl, 0.025 M Tricine (Sigma) pH 6.1, pius 
required amino acids (20 wg ml |) and vitamins (0.1 pe ml ') and 0.6% 
glucose. When the bacterial concentration had reached 10’ per mil, 
MNNG was added to give a level of 0.1 pg mi”! for one generation and 
0.5 wg ml”! for a further generation. At this point the culture was 
diluted to 2,000 bacteria per ml, and 32 3-mi aliquots were prepared in 
the absence of MNNG and 32 in the presence of 6.5 pg mi) MNNG. 
After 18h incubation (when the cultures contained, by microscope 
count, 210° bacteria per mi), each aliquot was centrifuged, 
resuspended in 0.5 ml minimal medium and plated on minimal plates 
lacking arginine, to give the number of arg” revertants. These two sets of 
cultures therefore provided estimates of the spontaneous reversion rate 
and the sum of spontaneous and MNNG-provoked mutation rate to 
arg”. At the same time, the supernatant medium from the MNNG- 
containing cultures was used to suspend similar cultures of the adap- 
tation-defective strain AB 1157 ada 5 (ref. 11). After exposure for I h 
(roughly one generation) these cultures were centrifuged and similarly 
plated on arginine-deficient plates. 

* Mutation rate determined by equation (2). 

t Mutation rate determined by equation (1) (see Fig. 1). 
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Fig.2 The extra mutation rate of E. coli AB 1157 growing in the 

presence of various concentrations of MNNG. The mutation rate 

(arg revertants per generation) was determined as described in 

Table 1 and Fig. 1; the spontaneous rate (1.2 x 107°) has been 
subtracted. 


in one step by providing an alternate site of attachment for the 
alkyl group’, and this is why each reactant molecule apparently 
can act only once*. Whatever the mechanism, it is interesting 
that the adaptive response succeeds in being at least as efficient 
as the ‘error-free’ repair of pyrimidine dimers produced by 
ultraviolet light'?’* even though dimers are presumably much 
less of a threat because, unlike alkylated bases, they cannct be 
copied and so are not an immediate source of mutation. 

The above calculation was based on the assumption that the 
low residual mutation rate in adapted bacteria is due to the very 
rare occasions when an O°- methylguanine happens to be copied 
before it is repaired; and if that is correct, the mutation rate in 
adapted cultures should be directly proportional to the rate of 
production of alkylated bases (that is, proportional to mutagen 
concentration). However, more complex relationships between 
dose and response are imaginable. For example, the adaptive 
response could be 100% efficient once induced, but a small 
proportion of the cells might fail to undergo induction; in this 
case, very low levels of mutagen might be more mutagenic than 
higher levels. Such questions are of practical importance in 
assessing the likely risks from low levels of carcinogens, and so 
these experiments with bacteria were extended to cover a range 
of MNNG concentrations. 

As Fig. 2 shows, adapted cultures of E. coli growing in the 
presence of MNNG have an increase in mutation rate that is 
approximately proportional to MNNG concentration. Interest- 
ingly, a similar result has been seen when rats are continuously 
exposed to dimethyl or diethyl nitrosamine in their drinking 
water (R. Peto, personal communication). Doses below 1 p.p.m. 
(that is, below about 0.1 mg per kg per day) produced an 
incidence of liver cancer that was roughly proportional to dose; 
but between 1 and 10 p.p.m. the age-specific incidence increased 
about 1,000-fold. For these alkylating agents it seems clear, 
therefore, that brief exposures are much more mutagenic for 
certain bacteria and high dose rates are much more carcinogenic 
for certain animals than might be expected from the response to 
continuous low dose rates. 
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Embryonal carcinoma (EC) cells are susceptible to infection by 
a variety of viruses’, but do not become resistant to infection by 
Semliki Forest virus? or vesicular stomatitis virus’ (VSV) on 
treatment with interferon. These observations have led to the 
conclusion that interferon does not induce an antiviral state in 
EC cells*”. We report here, however, that EC cells treated with 
interferon become resistant to infection by two picornaviruses 
and two ts mutants of VSV, whereas they remain sensitive to 
wild-type VSV, Sindbis and influenza virus infection. These 
results suggest that a partial antiviral state is induced in EC cells 
by interferon and that the induced antiviral protein(s) interferes 
with the replication of specific viruses. A significant common 
feature of these viruses is their replication through structures 
containing double-stranded RNA (dsRNA)*. 

Interferon induces in human and mouse cells the synthesis of a 
few proteins that are detected by gel electrophoresis”°. Among 
these are two enzymes, an oligonucleotide polymerase and a 
protein kinase (see ref. 7 for refs), which are activated by dsRNA 
in extracts of interferon-treated cells. The polymerase converts 
ATP into a series of oligonucleotides characterized by 2’5’- 
phosphodiester bonds and designated 2-5A (ref. 8). The 2-5A 
activates an endoribonuclease that degrades RNA®™ °. The pro- 
tein kinase (PK,,) inhibits protein synthesis by phosphorylating 
the a subunit of initiation factor eIF-2 (ref. 7). Wood and 
Hovanessian® assayed these enzymatic activities in extracts of 
interferon-treated EC cells and observed an increase in 2-5A 
polymerase activity comparable to that in mouse L cells, 
whereas the PK,, was not significantly increased in EC cells. As 
these cells did not become resistant to VSV infection’, the 
induction of 2-5A polymerase could not be correlated with an 
antiviral state. In a different cell system, however, the induction 
of 2-5A polymerase is closely correlated with the inhibition of 
replication of a picornavirus, encephalomyocarditis virus 





Table 1 Effect of interferon on virus yield and induction of 2°5'-oligo(A) 
polymerase and protein kinase 


Cells PCC4 L 

Interferon — + = + 
treatment 

EMCY yield 8 3 8 4 

VSV yield 8 8 8 4 

2'5’-oligo(A) 10 680 10 2,440 
synthesis 

Protein kinase 2 2 2 30 
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Cultures of control and interferon-treated cells (100 units ml”! for 20 h) 
were infected for 48 h as described in Fig. 1 legend. The cultures were frozen 
and thawed three times and centrifuged for 10 min at 30,000g. The virus 
yield was measured by end-point dilution of the supernatant and 
quantification of the cytopathic effect on L-ceil monolayers. Virus samples of 
known titre were assayed in parallel; virus yield is expressed as the log,, of 
the titre in plaque-forming units per ml. Cytoplasmic extracts were prepared 
from control and interferon-treated cells grown in 75-cm’ flasks. The cells 
were washed with saline and homogenized as described elsewhere’®, with the 
addition of 0.5% Triton X-100 to the homogenization buffer. The $30 
fraction obtained by centrifugation for 5 min at 30,000g was assayed for 
2-5A synthesis with poly(I) - poly(C)-paper as described by Stark ef iY aa 
The synthesis of 2-SA obtained with 100 yl of $30 in 16h is expressed in 
pmol of ATP converted into oligonucleotides out of an input of 250 nmol of 
ATP per 50-yl reaction. The protein kinase activity was assayed by measur- 
ing the phosphorylation of a 67,000 molecular weight polypeptide as 
described elsewhere”’. The $30 was centrifuged for 90 min at 150,000g and 
the pellet obtained resuspended and incubated with [P]ATP and 1 pg mi! 
of poly(I} - poly(C); the phosphorylated proteins were resolved by gel elec- 
trophoresis, detected by autoradiography and quantified by scanning the 
autoradiographs as described elsewhere”. The protein kinase activity is 
expressed in units of peak area, relative toa reference polypeptide present in 
both L and PCC4 cells. 
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, Pig-1 Antiviral effects of interferon m embryonal cardnoma (@—®) and L 
cells (O--O) infected with different viruses. The PCC4 Aza R 1 and L929 ceil 
lines were maintained in monolayer cultures ın Dulbecco modified Eagle's 
medium containing 10% heat-inactivated calf serum. Before infection the 
cells were seeded at about 3x 10° cells per 16-mm well m 24-well cluster 
ptates (Costar), The amount of virus required to produce a complete 
cytopathic effect in 48 h was determined for both cell types by end-point 
dilution of concentrated virus stocks. The effect wes quantified by 
the viral dye uptake method’? The L cells were infected by adding 0.2 ml of 
virus stock diluted in medium minus serum to each well. After 1 h at 37°C 
for all viruses except the tr mutants of VSV, which were kept at 30 °C, 0 8 ml 
of medium containing 1% fetal calf serum was added and the infechon 
continued for 48 h. As the PCC4 cells were mfected more effectively while 
“the cells were not adhering to the plastc'wells, these cells were resuspended 
by shakmg, infected and allowed to re-ettach Treatment with the concen- 
tration of interferon indicated in the abscissa (NIH reference units) was for 
20 h before infection. At the start of the mterferon treatment the PCC4 cells 
were suspended as described above for virus infection The cytopathic effect 
was quantified after 48 h of mfoction. In all expermsnts control mfocted and 
non-infected calls were examined m parallel! cultures. The A s+ of the dye 
taken up by the latter colls was taken xs 100%; the A, of the control 
infected cells represents the 0% value shown m the ordinate. Typical A,,, 
values wore 2.5 for uninfected cells and 0.15 for untreated infocted cells. 
Mouse interferon was obtained from Ehriich ascites tumour cells mfocted 
with Newcastle disease virus and partially purified to about 10’ units per mg 
of protein”. The viruses used are indicated Veecular stomatins virus (VSY) 
was the Indiana strain: Identical results were obtained with both 
VSV ts mutants G114 and G11 and therefore the results with teG114 only 
are shown. Flu designates the WSN strain of inflvenza virus 


(EMCV)"'. Moreover, this inhibition is observed even when 
induction of PK,, is prevented by actinomycin D (ref. 11). In 
view of these observations, it was of interest to investigate the 
response of interferon-treated EC cells to picornavirus 
infection. ; 

The EC cell line PCC4, derived from the transplantable ascitic 
form of the OTT 50-60 teratocarcinoma’’, and L929 cells were 
grown in monolayer cultures. These cells were treated with 
increasing concentrations of mouse interferon prepared from 
Ehrlich ascites tumour cells"? and infected with different viruses 
as described in Fig. 1 legend. The viruses were: EMCV and 
Mengo, two picornaviruses; VSV and its two mutants tsG11 and 
tsG114 (ref. 14); Sindbis and influenza virus. All the viruses 
infected both L and EC cells, as shown by quantification of the 
cytopathic effect by a viral dye uptake method’. Low concen- 
trations of interferon protected L cells from all viruses tested. In 
contrast, concentrations up to 300 units ml™ of interferon did 
not protect EC cells from VSV, Sindbis or influenza virus. 
Interferon concentrations comparable to those effective for L 
cells, however, protected EC cells from infection by EMCV, 
Mengo and the VSV mutants. 

To confirm that interferon has a protective effect on EC cells, 
we also measured virus yield'in control and interferon-treated 
cells infected with EMCV and VSV (Table 1). Treatment with 
interferon reduced virus yield by four logs in both cells infected 
with EMCV, but had no effect on the yield of VSV in EC cells. 
The protective effect of interferon in EC cells, therefore, is 
clearly virus specific. 











In subsequent experiments, we confirmed that only one of the 
two enzymatic activities induced by interferon is elevated in EC 
cells, whereas both are increased in L cells (Table 1). The 2-5A 
polymerase was induced in EC cells by interferon, but the kinase 
was not. The 2-5A synthesized by EC and L cell extracts was 
characterized by its elution from DEAE-cellulose with 
0.35 MKC1"* (Table 1)-and by its biological activity in an 
endonuclease activation assay”. Oligonucleotides synthesized 
with extract of interferon-treated PCC4 and L cells activated a 
HeLa cell endonuclease, whereas corresponding fractions from 
incubations with extract of control cells did not (data not shown). 

These observations suggest a possible correlation between the 
inhibition of replication of specific viruses in EC cells and the 
induction of the ‘antiviral protein’ 2-5A polymerase. Although 
the precise mechanism of action of this enzyme has not been 
determined, the following observations suggest that the 2-5A 
polymerase has some role in preventing replication of picor- 
naviruses: (1) 2-5A is formed in interferon-treated cells infected 
with EMCV”’; (2) 2-5A introduced into intact cells inhibits 
protein synthesis and causes RNA _ breakdown’*’; 
(3) preferential degradation of viral RNA is observed when the 
replicative intermediate (RI) of EMCV is incubated with 
extracts of interferon-treated cells (the RI is the RNA 
component of the replicative complex)”; (4) EMCV replicates 
by forming base-paired structures. This was shown by isolating. 
cross-linked RI from infected cells treated with aminomethyl- | 
trioxalen*. This compound intercalates into duplexes and forms 
covalent bonds on irradiation’. Cross-linked RNA could not be 
detected in cells infected with wild-type VSV, but was detected 
in cells infected with two ts mutants that are sensitive to inter- 
feron protection in EC cells’. 

Interferons are glycoproteins that are operationally defined in 
terms of their antiviral activity against a wide range of viruses. 
With the recent advances in our understanding of the molecular 
basis of the antiviral state’, it has become clear that several 
defence mechanisms are activated in interferon-treated cells; 
for example, an inhibitor of viral mRNA methylation” and a 
reduction in the amount of G protein incorporated into VSV” 
have been reported. The fact that interferon does not protect EC 
cells from VSV infection presumably means that these latter 
defence mechanisms are not operational in EC cells. In most 
cells interferon activates a spectrum of antiviral defence 
mechanisms, whereas in EC cells it elicits a restricted antiviral 
state, possibly limited to the induction of 2-5A polymerase. 

A better understanding of the different antiviral mechanisms 
and of the replication of different viruses may ultimately provide 
a satisfactory explanation for the present and previous obser- _ 
vations. A genetically determined virus-specific effect of inter- 
feron, for example, is due to the Mx allele in A2G mice”. Haller 
et al.” have reported that macrophages of Mx mice can be 
protected from influenza virus by much smaller interferon 
concentrations than are necessary to protect macrophages of 
other mice; no difference in protection is observed, however, on 
infection with EMCV or VSV. These authors speculate that the 
antiviral state is composed of a multitude of specific antiviral 
mechanisms and envisage the Mx gene as regulating the 
expression of a component of the antiviral state**. Each 
component may be both genetically and developmentally 
regulated, as shown by this report and by our observations on 
embryonal carcinoma cells. 

This work was supported by NIH grant AI-16076. The VSV ts 
mutants were obtained from Drs Gail W. Wertz and Philip 
Marcus, Mengo was obtained from Dr Jean Lucas Lenard and 
other viruses from Dr James McSharry. 
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A new papillomavirus associated 
with alimentary cancer in cattle 
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A high incidence area of carcinoma of the alimentary tract of 
cattle has been reported’*. The carcinomas are preceded by 
papillomas which may transform to malignancy. A papil- 
lomavirus was isolated from these warts and was shown to occur 
as a widespread infection of cattle in the UK’. In the high cancer 
area there is a marked increase in the overall incidence of this 
infection, an increase in the number of papillomas per animal 
and an increase in the number of specific sites of infection as 
compared with cattle from adjacent areas where cancers are not 
found. The papillomas are found in young animalis but 
carcinomas do not develop until the cows are over 7 yr old. 
There is strong circumstantial evidence’ that the factor asso- 
ciated with the increased multiplicity of papillomas and the 
subsequent malignant transformation is the ingestion of bracken 
fern. This plant is known to possess radiomimetic, mutagenic 
and carcinogenic activity. Preliminary experimental evidence 
supports the circumstantial data and we also have preliminary 
evidence of the presence of viral genome sequences, without 
production of virus, in the cells of carcinomas. In addition to the 
alimentary papillomas of the type described above, three more 
major patterns of bovine papillomatosis are found in the UK*— 
cutaneous fibropapillomatosis, papillomatosis of the skin of the 
udder and teats, and papilloma of the penis. We have extracted 
papillomaviruses from all the above tumours, and our results, 
published in a preliminary form elsewhere’, indicate that the 
different lesions are caused by different papillomaviruses. Here 
we report the partial characterization of the virus involved in 
alimentary tract tumours and its differentiation from other 
bovine papillomaviruses. The system seems to present a dis- 
sectable model for investigating the mechanistic relationship 
between the viral infection and the ingestion of an environ- 
mental ‘carcinogen’. 

Virus was isolated from a variety of papillomas by homo- 
genization and density gradient centrifugation on CsCl. The 
papillomas were of four of the types recognized in cattle in the 
UK*. Alimentary papillomavirus (BAPV) was obtained from 
oesophageal warts; each isolate was made from a single abattoir 
animal which had several tumours but no concurrent carcinoma, 
and no other type of papillomas. DNA was purified from the 
virus and was present in two forms, twisted circles (form 1) and 
relaxed circles (form 2) (Fig. 1b). In agarose gel electrophoresis, 
both forms migrated ahead of the corresponding forms of DNA 
isolated from the virus (BCPV) of cutaneous fibropapillomas 
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Fig. 1 Comparison between BCPV and BAPV DNA. a, Unrestricted BCPV 
DNA, and 4, unrestricted BAPV DNA, electrophoresed in a 1% agarose gel. re, 
relaxed circles; tc, twisted circles. c, Hindill-restricted BCPV DNA, and d, 
BamHI-restricted BAPV DNA, electrophoresed in a 0.7% agarose gel. The MWs 
{x10°°) are shown on the right. The MW of BAPV DNA was calculated by using 
the known MW of BCPV DNA as reference. Cutaneous and oesophageal papil- 
lomas were finely homogenized in TS buffer (10 mM NaCL, 1 mM Tris pH 8.0, 
1mM EDTA). The debris was pelleted at 2,000 r.p.m. for 5 min and the super- 
natant centrifuged at 10,000g for 15 min. Virions were pelleted from the 10,000g 
supernatant by centrifugation at 35,000 r.p.m. for 90 min. The virion pellet was 
resuspended in TS buffer and the virions were banded in a CsCl gradient at 1.36 
gmi’, The band containing the virus was collected and, after dilution with TS 
buffer, the virions were pelleted at 35,000 r.p.m. for 2.5 h. The final pellet was 
resuspended in TS buffer and the virions were disrupted by adding SDS to 0.5%. 
The viral DNA was extracted with phenol, precipitated with alcohol and resus- 
pended in 10 mM Tris, pH 7.8, and 1mM EDTA. Unrestricted DNA was 
electrophoresed in a 1% agarose gel and restricted DNA in a 0.7% agarose gel in È 
buffer'®, at 5 Vem `. The DNA was visualized by staining the gel with ethidium 
bromide and by photography under UV light. Conditions of restriction are as in 
Fig. 2 legend. 


(Fig. 1a, b). This suggested that BAPV has a genome of lower 
molecular weight (MW) than BCPV. BAPYV is cut at one site by 
BamHI restriction endonuclease and this linear molecule shows 
a higher electrophoretic mobility than BCPV DNA linearized 
by HindIII (Fig. 1c, d). The MW of DNA of BAPV in the above 
experiments was calculated as approximately 4.5 x | 0°, or 10% 
smaller than the normally quoted MW for papillomavirus 
DNAS”. 

We have analysed BAPV DNA with six restriction enzymes 
and compared it with physical maps generated in a similar 
fashion which we have made of BCPV DNA, and also with DNA 
from virus isolated from a group of tumours commonly found on 
the teats of cows and the penis of bulls that we have designated 
bovine paragenital papillomavirus (BPPV)’. 

Because of the limited amount of viral DNA obtainable from 
single alimentary tract papillomas, we found it inconvenient and 
wasteful to analyse restriction patterns by ethidium bromide 
fluorescence. We circumvented this problem by labelling some 
of the virus DNA by nick-translation® and by hybridizing the 
radioactive DNA to Southern blots’ containing nanogramme 
amounts of restricted DNA. The results are presented in Fig. 2. 
BamHI and Hpal produce unit length linear DNA (Figs 1d, 2a, 
h); therefore, there is only one cleavage site for these enzymes in 
the DNA. EcoRI produces two fragments (Fig. 2f), Hindlll 
three fragments (Fig. 2d) and HindIII four fragments (Fig. 2b). 
The viral DNA is not restricted by Bgl (not shown) and 
therefore has no cleavage site for this enzyme. 

The MWs of the restriction fragments are listed in Table 1. 
The total MW of the viral genome obtained by adding the MWs 
of individual restriction fragments generated by any one enzyme 
ranges from 4.43 x 10° to 4.5 10°, thus confirming our pre- 
vious estimate. 
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When the DNA is digested with EcoRI + BamHI, the EcoRI 
fragment B disappears and two smaller fragments are produced 
(Fig. 2g). The BamHI site therefore maps within EcoRI frag- 
ment B. Restriction with HindIII + BamHI produces three 
detectable fragments (Fig. 2e). The first two correspond to 
HindIII fragment A and fragment B, respectively, and the third 
fragment corresponds to HindIII fragment C minus a low MW 
fragment that we could not detect in this particular gel. The 
BamHI site is thus located within HindIII fragment C. When the 
DNA is restricted with HindII+ BamHI, five fragments are 
produced (Fig. 2c). Three fragments correspond, respectively, 
to HindII fragments, B, C and D. HindII fragment A is split into 
a major fragment and a very low MW fragment. This places the 
BamHI site within HindII fragment A. Restriction with Hpal + 
BamHI produces two fragments (Fig. 2/). As the recognition 
sites of Hpal are a subset of those of HindII'°, the double 
restriction shows that the single Hpal site coincides with the 
HindII site at 0.278 map units (see below and Fig. 3). Restriction 
with EcoRI + HindIII, and EcoRI+HindIl places the two 
EcoRI sites within fragments A and C of both Hind enzymes 
(Table 1). Of the three HindIII sites, two map within HindII 
fragment A and one within HindII fragment B (Table 1). 

The MWs of the fragments obtained in all double digest 
experiments are listed in Table 1. Arbitrarily assigning the zero 
map unit to the single BamHI site, and taking into account the 
fractional length of all the restriction fragments, these can be 
ordered in a circular map (Fig. 3). 

This map differs considerably from the restriction maps of 
papillomavirus DNA from both the typical cutaneous warts and 
the paragenital (teat and penis) lesions (M.S.C. et al., in pre- 
paration). The differences between the viruses are not confined 
to the position of the restriction sites along their genomes: in 
liquid hybridization experiments, carried out in 2SSC at 
70 °C, BAPV DNA failed to cross-hybridize to the DNA of the 
other two viruses, whereas the latter cross-reacted with each 
other to at least 55% as estimated from the S, nuclease resis- 
tance of the hybrids. Moreover, BAPV DNA did not hybridize 
to Southern blots of large amounts (up to 0.5 yg) of restricted 
BCPV DNA or restricted BPPV DNA, and conversely, neither 
of the latter hybridized to blots of HindII- and HindIII-restric- 
ted BAPV DNA. These results show that the alimentary tract 
papillomavirus is not a deletion mutant of the other two viruses, 
but belongs to a type of its own. 

In contrast, the extensive cross-hybridization between the 
typical BCPV DNA and BPPV DNA and the respective restric- 
tion fragments immobilized on nitrocellulose showed that the 
sequence homology between these two types of virus is not 
confined to a particular region of the genome, but is spread 
throughout the whole of it*. Similar results have recently been 
obtained by Law and colleagues'’. 
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Fig.2 Restriction fragments of BAPV DNA. a, BamHI; 6, Hindll; c, HindIl + 
BamHI; d, Hindlll; e, HindII1 + BamHI, f, EcoRI; g, EcoRI + BamHI; h, Hpal; i, 
Hpal+ BamHi (ali Boehringer). The buffers used were as recommended by 
Boehringer laboratories. Nanogramme amounts of viral DNA were digested and 
the resulting fragments were electrophoresed in a 1.5% agarose gel as described in 
Fig. 1 legend. The DNA fragments were transferred to nitrocellulose’ and 
hybridized overnight to nick-translated" **P-labelled viral DNA, in Denhart-2 x 
SSC at 70°C (ref. 17). The nitrocellulose sheet was extensively washed in 1 x SSC 
at 70°C, dried and exposed to a flash-activated X-ray film (Kodak X-Omat H) at 
-70°C (ref. 18) for 3 weeks. The Hindll fragments of BCPV DNA, visualized 
both by ethidium bromide fluorescence and by hybridization to *“*P-BCPV DNA, 
were used as MW markers. The sharpness of the strenger high MW bands has been 
lost so that the presence of the much fainter low MW bands can be seen. 


Marked differences between BAPY on the one hand and 
BCPV and BPPV on the other were also found at the level of 
antigenic determinants. Whereas BCPV and BPPV have a 
major determinant in common, no serological cross-reaction 
was observed with BAPV* (W.F.H.J. et al., in preparation). 
Thus, BCPV and BPPV seem to belong to the same group and, 
although distinguishable, are much more closely related to each 
other than they are to BAPY. 

Two types of bovine papillomavirus, BPV 1 and BPV 2, have 
recently been described’*. Although the precise body localiza- 
tion of the papillomas from which these viruses were purified is 
not specified in that work, BPV 1 corresponds to our BPPV and 
BPV 2 to our BCPV. Also, bovine papillomavirus with a 
genome of MW 4.5 x 10° has recently been found by Pfister er 
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Table 1 Molecular weights and fractional lengths of the restriction fragments of BAPV DNA 














MW, Fractional MW Fractional MW Fractional MW Fractional MW Fractional 
(x109) length (x10) length (x106) length (x106) length (x10) length 
EcoRI Hindlll Hindil EcoRI + BamHI HindIII + BamHI! 
A 3.15 70.0 A 2.13 47.4 A 2.10 47.9 3.14 70.0 2.13 47.4 
B 1.35 30.0 B 1.48 32.9 B 1.30 29.6 1.00 22.1 1.48 32.9 
50 C 0.88 19.6 C 0.56 12.8 0.36 8.0 0.70 15.6 
4.49 D 0.42 9.5 4.50 4.31 
4.38 
Hindll + BamHI Hindlll + EcoRI Hindll + EcoRI Hindli + Hindili Hpal + BamHI 
1.82 41.5 1.48 33.2 1.52 34.7 1.32 29.8 3.3 73.3 
1.30 29.6 1.30 29.2 1.30 29.6 1.22 27.3 1.2 26.6 
0.56 12.8 0.79 17.7 0.60 13.7 0.88 19.9 4.5 
0.42 9.6 2x 0.44 99 0.42 9.5 0.56 12.7 
0.26 5.9 4.45 0.43 9.7 
4.36 


The MWs were calculated as in Fig. 2 legend. In two different experiments, the measurement error ranged from 0.01 x 10° to 0.15 x 10° for individual fragments. The 
fractional lengths were calculated from the percentage of the MW of a single fragment over the total MW. In the case of Hindli + EcoRI double digest and of 
Hindll + HindIII double digest, where small fragments were missing, presumably because they failed to bind to the nitrocellulose, the fractional length was calculated on the 


total MW of the single digest. 
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Fig. 3 Restriction map of BAPV DNA. The circular genome has been divided 

into tenths, and the restriction enzyme sites have been mapped according to the 

fractional length of the fragments produced by a given enzyme. Zero map unit has 

been arbitrarily assigned to the singie BamHI site. The approximate map positions 

of the other restriction sites are: Hpal = 0.278; EcoRI = 0.220, 0.920; Hind] = 
0.040, 0.514, 0.844; Hindi = 0.087, 0.152, 0.278, 0.587 


al.'* in cutaneous papillomas from Australian cattle, but not in 
papillomas from German cattle where only the typical 
cutaneous type was found. Despite the similarity in MW, the 
DNA restriction map of the Australian virus found by those 
authors differs from the DNA restriction map of the small virus 
we have found in alimentary tract papillomas. Experiments in 
progress suggest that ‘rice grain’-type lesions of the teat papil- 
lomatosis are caused by yet another type of papillomavirus. This 
would bring the number of different bovine papillomaviruses to 
five. We are now investigating the relationship between the 
several viruses at the molecular, immunological and pathologi- 
cal levels. We injected BAPV into the soft palate of 18 calves 
and into the skin of the neck of 6. After 2 months, all 18 calves 
injected in the palate showed marked papillomatosis, whereas 
no cutaneous papillomas have so far (8 months) been detected in 
the calves injected subcutaneously. Studies on the infectivity of 
BAPV are in progress. The viral DNA purified from the 
experimentally induced alimentary tract papillomas is indis- 
tinguishable in MW and restriction pattern from the one used to 
induce the tumours. In addition, the sera from the tumorous 
calves failed to cross-react with antisera raised against the other 
viruses, confirming the uniqueness of BAPV. The finding that 
BAPV does not induce cutaneous warts complements the 
finding of Olson and his colleagues’’, who, although able to 
induce cutaneous warts experimentally in cattle with BCPYV, 
failed to infect the alimentary tract. 

Thus, although our analysis of these viruses is incomplete, our 
initial studies of their epidemiological, pathological, immuno- 
logical and molecular heterogeneity provide increasing evidence 
of a close relationship between the type of papillomavirus and 
the type and site of lesion caused by them. This is particularly 
interesting in view of the fact that, as far as we know, only BAPV 
is associated with the only benign papillomas that commonly 
undergo malignant transformation in cattle. A similar situation 
is found in humans: epidermodysplasia verruciformis, a papil- 
loma with marked tendency to malignant transformation, is 
caused by HPV-S (previously classified as HPV-4), a human 
papillomavirus differing from the other, more common, viruses 
associated with ordinary skin warts'’. In addition, preliminary 
evidence indicates that bovine alimentary carcinoma cells 
contain BAPV DNA sequences, but not BCPV or BPPV DNA 
sequences, thus further suggesting that only the alimentary virus 
is involved in carcinogenesis. 

This work was carried out with the aid of grants from the 
Agricultural Research Council (AG. 17/112), the NIH (NOL CP 
81022), and the Cancer Research Campaign (916 /800/2). We 
thank Mr Brian O'Neil, Mrs Ellen Leighton, Mrs C. Burke and 
Mrs C. McLay for technical assistance. 


Received 30 January; accepted & May 1980, 


1. Jarrett, W. F. H., McNeil, P. E., Grimshaw, T. R., Selman, L E. & Meintrye, W. L M. Nature 
274, 215-217 (1978). 


Asner 


aaan 


0028-08 36/80/2860 182--64301.00 


Nature Vol. 286 10 July 1980 


2. Jarrett, W. F. H., Murphy, J, O'Neil, B. W. & Laird. H. M. Int. J Cancer 22, 323-328 
11978}. 
3. Jarrett, W. F. H. Bull. Cancer 68, pt 2, 191-194 (1978). 
4. Jarrett, W.F. H. in Antiviral Mechanisms is the Control of neoplasia (ed. Chandra, P) 39~45 
(Plenum, New York, 1979). 
3, Jarrett, W. F. H. etal 7th Cold Spring Harb. Conf, Cell Proliferation (1980). 
6, Crawford, L. V. Adv. Virus Res, 14, 89-125 (1969). 
7. sl M., Orth, G., Crowssaut, O. & Yanir, M. Proc. natin. Acad. Sci. U.S.A. 72, 4810-48 14 
{1975}. 
8. Rigby, P. W.J., Dieckmann, M., Rhodes. C. & Berg, P. J, molec. Biol. 113, 237-251 1977), 
9. Southern, E. M, J molec. Biol. 98, 503-517 (1975). 
10. Garfin, D. E. & Goodman, H. M, Biochem. biophys. Res, Commun. 89, 108-116 (1974). 
li. Law, M., Lancaster, W. D. & Howley, P. M. J. Viral 32, 199-207 (1979) 
12. Lancaster, W. D, J. Viral. 32, 684-687 (1979). 
13. Pfister, H. et al. Viroiogy 96, 1-8 (1979). 
14. Olson, C.. Gordon, D. E. Robi, M. G. & Lee, K. P. Archs eneir, Hih 19, 827-837 (1969). 
18. Orth, G. et al. Proc. natn. Acad. Sei U1 8.4. 78, 1537-154] 119783. 
16. Loening, U. E. Blochem. J. 113, 131-138 (1969). 
17. Denhart, K. Biochem. biophys. Res. Commun. 23, 641-646 (1966), 
18. Laskey, R. A. & Mills, A. D. FEBS Let. 82, 314-316 (1977). 





nny 


a 


A pyrimidine dimer-DNA glycosylase 
activity associated with the 
v gene product of bacteriophage T4 
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Mutations in the v gene of bacteriophage T4 are associated with 
a marked increase in sensitivity to killing by UV radiation at 
254 nm, but not to a variety of other forms of base damage to 
DNA”, Early studies from this laboratory provided evidence 
for a role of the v gene in the excision of pyrimidine dimers (PD) 
from DNA. Specifically, it was shown that extracts of T4v*- 
infected Esherichia coli catalyse the formation of single-strand 
breaks (nicks) and/or alkali-labile sites in UV-irradiated duplex 
DNA‘. Comparable hydrolysis of phosphodiester bonds is not 
observed with extracts of E. coli infected with the mutant T4v, 
(ref. 5). The product of the v gene has been extensively purified 
in a number of laboratories”; however, convincing evidence of 
purification to physical homogeneity has not yet been presented. 

Characterization of the partially purified v-gene product 
yielded results that were consistent with the interpretation that 
this gene codes for an endonuclease activity (endonuclease V of 
T4 or T4 UV endonuclease) that directly catalyses the hydrolysis 
of phosphodiester bonds 5’ to PD in duplex DNA, creating nicks 
with 3'OH and 5’P termini®*'°"'. The additional observations 
that the enzyme attacks single-stranded DNA containing PD*"’ 
and that no other form of base damage in DNA thus far 
examined is recognized as substrate’ *"'*, support the notion that 
the activity coded by the v gene recognizes PD in DNA 
specifically. 

Grossman et al.'* and Haseltine er al.'* have recently sugges- 
ted an alternative mechanism for the incision of DNA contain- 
ing PD. Their suggestion stems from the analysis by gel elec- 
trophoresis, of the length of DNA fragments generated by 
incubation of a sequenced region of the E. coli lac operon 
containing PD, with UV endonuclease activities from Micro- 
coccus luteus. A knowledge of the exact nucleotide sequence of 
the substrate used allowed for a very precise prediction of the 
length of the oligonucleotide products generated following 
denaturation of the DNA, if the enzyme activity catalysed 
cleavage of phosphodiester bonds immediately 5’ to PD sites. 
Their experiments yielded unexpected results which have been 
interpreted in terms of an alternative molecular mechanism for 
the enzymatic incision of UV-irradiated DNA at PD sites, that 
is, a PD-specific DNA glycosylase catalyses cleavage of the 5’ 
N-glycosylic bonds of the dimerized pyrimidines and the resul- 
ting apyrimidinic sites are attacked by apurinic/apyrimidinic 
(AP) endonuclease, resulting in cleavage of phosphodiester 
bonds. This two-step mechanism is entirely consistent with the 
observation of nicks bearing 3'OH and 5'P termini located 5 
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Fig. 1 Diagrammatic representation of experimental protocol. Only one 

strand of a duplex DNA molecule is shown. The figure indicates postulated 

hydrolysis of the 5‘ glycosylic bond of a thymine-thymine dimer, yielding an 

apyrimidinic site. Subsequent monomerization of the dimer by direct pho- 

toreversal results in the release of the 5’ thymine of the dimer as free 
thymine. 


with respect to PD in duplex UV-irradiated DNA incubated 
with M. luteus correndonucleases I and II (ref. 15). 

In view of. the remarkable similarity in the properties of 
so-called T4 endonuclease V and M. luteus correndonucleases I 
and II, we have sought evidence for a PD-DNA glycosylase 
activity in preparations of T4 enzyme known to catalyse the 
nicking of UV-irradiated DNA. Enzyme-catalysed hydrolysis of 
the N-glycosylic bond linking either one of the dimerized 
pyrimidines to deoxyribose in DNA would leave the cor- 
responding base in covalent linkage only with its partner in the 
dimerized structure (Fig. 1). Subsequent monomerization of the 
PD should result in the liberation of free thymine (Fig. 1) which 
can be readily detected by established chromatographic tech- 
niques. Our experimental approach has been to demonstrate 
that the formation of free thymine from UV-irradiated DNA is 
dependent both on incubation with T4 enzyme activity, and on 
the monomerization of PD by the technique of direct photo- 
reversal. 

Regarding the latter procedure, it has been clearly demon- 
strated by others that the formation of pyrimidine dimers in 
DNA by exposure to UV radiation at about 254 nm is a rever- 
sible process'®'’. When E. coli DNA is irradiated at 254 nm 
under standard conditions, the rates of PD formation and 
reversal ultimately become equal and a state of dynamic equili- 
brium is attained in which ~7% of radioactively labelled thy- 
mine is in PD. Thus, further irradiation at 254 nm under these 
conditions does not result in measurable net dimer formation or 
dimer monomerization. However, when E. coli DNA is initially 
irradiated at 254 nm in the presence of AgNO,, photosensitized 
dimer formation results in the conversion of as much as 20% of 
the thymine to thymine-containing PD'*. Further irradiation of 
this DNA at 254 nm following removal of the photosensitizer 
results in measurable reversal of PD, until once again a steady 
state is reached at a level of ~7% thymine-containing PD. In the 
present experiments we have employed the technique of direct 
photoreversal to investigate the release of free thymine from E, 
coli DNA (containing about 17% of its thymine in PD) pre- 
viously incubated with or without a T4 enzyme preparation. 

Figure 2 shows the sedimentation profiles in alkaline sucrose 
gradients of UV-irradiated DNA incubated with the T4 enzyme. 
It is clear that the smallest amount of enzyme used in these 
experiments is saturating with respect to the number of DNA 
strand breaks and/or alkaline labile sites generated in the DNA. 
Unirradiated DNA incubated and sedimented under identical 
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conditions showed no reduction in sedimentation velocity in 
alkaline sucrose gradients (data not shown). The incubation 
conditions described in Fig 2 also result in the release of free 
thymine. (Table 1 and Fig. 3). However this product is only 
observed when, following incubation of UV-irradiated DNA 
with the T4 enzyme preparation, the reaction mixture is sub- 
jected to direct photoreversal. Free thymine is not detected 
when unirradiated DNA incubated with enzyme is subjected to 
photoreversing light (Table 1), nor is this result obtained when 
UV-irradiated DNA not previously incubated with the enzyme 
is exposed to photoreversing light (Table 1). 

These results strongly suggest that the T4 enzyme preparation 
contains a DNA glycosylase activity that catalyses the hydrolysis 
of one of the N-glycosylic bonds linking the dimerized pyri- 
midines to deoxyribose in DNA (Fig. 1). This suggestion is 
consistent with the fact that PD are quantitatively the major 
photoproduct in DNA irradiated at 254 nm, and to our know- 
ledge are the only known photoproducts in DNA that can 
generate thymine as a product of their photolabilization. Our 
conclusions are also supported by the results of extensive pre- 
vious studies with the T4 enzyme which have demonstrated that 
this activity recognizes pyrimidine dimers exclusively in UV- 


Table 1 Release of free thymine from DNA containing thymine 


dimers 
Total free [PH] 
thymine detected 
Incident (cpm. (% of [H] 
photo- perm! radioactivity 
*H-labelled reversal of reaction as thymine- 
thymine-labelled fluence mixture containing 
substrate T4 enzyme (kJ m7’) x 1079) PD) 
Unirradiated Absent 0 <0.04 <0.001 
E. coli DNA Absent 11.5 <0.04 <0.001 
Present 0 <0,04 <0,001 
Present 11.5 <0.04 <Q, 001 
UV-irradiated Absent 0 <0.04 <0.001 
E. coli DNA Absent 4.3 ND oo 
(17.5% thy- Absent 8.2 ND = 
mine as 
thymine- Absent 12,3 <0.04 <0.001 
containing PD) Present 0 <0.04 <0,001 
Present 4.3 14.4 16.5 
Present 8.2 21.3 24.3 
Present 12.3 26.6 30.4 





(*H]thymine-labelled E. coli DNA (1.5 10* c.p.m. ug”) was pre- 
pared by standard methods. DNA containing 17.5% of *H-thymine in 
PD was produced by germicidal irradiation at 254 nm with an incident 
fluence of 2kJ m`? in the presence of Ag* photosensitizer according to 
the procedure of Rahn and Landry'*. Tritiated UV-irradiated or unir- 
radiated DNA (100 BB ml~') was incubated at 37°C with or without 
9.4x10° unitsmi”' of the phosphocellulose fraction of T4 
endonuclease” in 10 mM Tris-HCI PH7.8,10 mM Na, EDTA, 100 mM 
NaCl for 45 min in a total volume of 3.0 ml. Following incubation, each 
was deproteinized by incubation at 60 °C with $0 wg per ml Proteinase K 
for 1 h followed by extraction with an equal volume of CHC). Irradiated 
or unirradiated “H-DNA (131 ug total) that had been incubated in the 
presence or absence of enzyme was diluted with 10 mM Tris-HCI pH 
7.5, 1 mM Na EDTA to give a final activity of 5.0 x 10° H cp.m. mi. 
Unlabelled DNA was added to these mixtures to bring the final Ars, tO 
2.0. The mixtures were then subject to photoreversing irradiation and 
duplicate aliquots (0.2 ml) were withdrawn at the incident fluences 
stated. '2C-thymine (9,530 c.p.m. NEN) was added to each aliquot as an 
internal marker for the chromatographic identification of free *H- 
thymine by TLC. The aliquots were evaporated to dryness and the 
residue extracted three times with 15 ul absolute ethanol, The extracts 
were spotted directly on thin layer plates and developed as described 
previously”. [°H] and ['*C] radioactivity were measured in individual 
chromatogram fractions; total [°H] free thymine was calculated by 
normalization to 100% recovery of the ['*C] standard. Separate *“C. 
thymine samples were run with each chromatogram to allow for cor- 
rection of channel spillover during radicactive counting of the two 
isotopes in a Beckman LS 250 liquid scintillation spectrometer. Repl- 
cate measurements agreed to within 5%. (ND = none detected.) 








Menim Laran VI AAAA annaa aer 


184 


Nature Vol. 286 10 July 1980 





Total radioactivity 


40 





Bottom 


Fraction no. Top 


Fig. 2 °H-thymine DNA (0.5 ug, 21% thymine-containing PD) was pre- 
pared as described in the legend to Table 1 and incubated at 37 °C for 30 min 
with (@) or without (©) 9.4.x 10* units per ml of the phosphocellulose 
fraetion of T4 endonuclease’ in 50 ul reactions containing 10 mM Tris-HCl! 
pH7.8, 10 mM, Na,EDTA, 100 mM NaCl. The reactions were stopped by 
the addition of 50 u} 5% alkaline sucrose, and layered onto 4 ml 5-20% 
alkaline sucrose gradients. The DNA was sedimented at 30,000 r.p.m. in an 
SW56 rotor for 11 hat 20°C. The gradients were fractionated and processed 
for measurement of radioactivity as described by Reynolds**. To demon- 
strate apparent completion of incision, a reaction containing enzyme was 
prepared and incubated as above, and then incubated with an additional 
aliquot (4.7 x 10? units) of enzyme for a further 30 min (A). Incubations with 
evea higher amounts of enzyme yielded identical sedimentation profiles 
(data not shown). 


irradiated DNA*7?''???. Thus, for example, removal of 
PD by enzymatic photoreactivation of UV-irradiated 
DNA in permeabilized E. coli results in the loss of all sites 
sensitive to the T4 enzyme’’. In addition, in both duplex and 
single stranded UV-irradiated DNA incubated with the enzyme 
there is a stoichiometric relationship between the calculated 
number of PD in the DNA and the measured number of strand 
breaks’?! '%?', Further evidence in support of PD-DNA gly- 
cosylase activity associated with the T4 enzyme preparation is 
provided by independent studies by Seawell et al. (manuscript 
submitted). Using the same preparation of T4 enzyme, these 
investigators have shown that under incubation conditions that 
are strictly limiting with respect to enzyme concentration, UV- 
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Table 2 Photoreversal-dependent release of free thymine from UV-irradiated 
DNA incubated with extracts of E. coli infected with phage T4v’* or T4v, 


dreimire 








Free thymine 


Extract of E. coli (c.p.m./20 pl of reaction mixture) 


infected with Photoreversal No photoreversal 
Phage Tv” 380 <20 
Phage Tåv, < 20 <20 
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Extracis of E. coli cells infected by wild type (vu *} and mutant (v,) phage T4 were 
prepared by sonication in 50 mM Tris-HCl, pH 8.0 as described previously’. 
Extracts {0.87 mg total protein in each) were incubated at 37 °C for 30 min with 
150 wp °H-thymine labelled E. coli DNA (3.0 10* c.p.m. per pg, 10% of PH] in 
thymine-containing PD) plus 35mM Tris-HCl pH 8.0, 10mM Na, EDTA, 
100 mM NaCl. The final volume of each of the two incubation reactions was 
1.6ml, Following reaction, the mixtures were extensively deproteinized by 
incubation with 100 wg per ml Proteinase K at 60 °C for 2 h, followed by extraction 
with phenol and CHCH. The mixtures were made 0.5 M in NaCl and the DNA was 
precipitated overnight at —20 °C with two volumes of absolute ethanol. The DNA 
was collected by centrifugation and resuspended at a concentration of 150 pg mi” : 
in 10 mM Tris-HCI pH 7.5, 1 mM EDTA. Half of each reaction mixture was 
subjected to 10 kJ m `° photoreversal irradiation fluence; the other half was kept as 
a control. Aliquots (20 pl) of each reaction were spotted on thin layer chromato- 
graphy plates. Free thymine was determined as described in the legend to Table 1. 
[C] thymine standard samples were run on adjacent lanes of the same thin-layer 
plate. 


irradiated DNA is subject to hydrolysis of phosphodiester bonds 
in strong alkali or following incubation with AP endonuclease at 
near-neutral pH. These are expected properties of DNA 
containing apyrimidinic sites generated by the action of aDNA 
glycosylase activity. Alkaline lability of T4 enzyme-treated 
UV-irradiated DNA and/or the presence of AP endonuclease 
activity associated with the T4 DNA glycosylase is also indicated 
in the present studies by the reduced sedimentation velocity of 
the DNA in akaline sucrose gradients shown in Fig. 2. 

Note from Table 1 that the highest photoreversing fluence 
used in these experiments (12 kJ m~’) is not yet saturating with 
respect to free thymine formation. Yet even at this fluence, the 
amount of radioactivity present in the free base is equivalent to 
that present in ~ 30% of the thymine-containing PD measured 
in the DNA. Since the DNA is uniformly labelled with °H- 
labelled thymine, each thymine-containing dimer attacked by 
the enzyme and subsequently reversed by irradiation, should 
release on the average one half of its radioactivity as free 
thymine (Fig. 1). Thus the radioactivity in free thymine 
equivalent to 30% of the thymine-containing PD in DNA 
represents the product of the reversal of 60% of such dimers. 
Clearly the PD-DNA glycosylase demonstrated in these 
experiments is not a minor contaminant of the T4 enzyme 
preparation used. 

Finally, our studies indicate that the T4 PD-~DNA glycosylase 
is a product of the v gene of phage T4, since extracts of 
T4-infected E. coli failed to catalyse the production of free 
thymine under the experimental conditions described (Table 2). 
A question of obvious interest is whether or not the v gene also 
codes for an AP endonuclease activity that is physically asso- 
ciated with the PD-DNA glycosylase activity. The release of 
free thymine dependent on the photoreversal of PD in DNA 
provides the basis for a specific and convenient assay of T4- 
induced PD-DNA glycosylase activity and we are currently 
purifying this enzyme to physical homogeneity from T4-infected 
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Fig. 3 Chromatographic identification of free *H-thymine in the ethanol- 
soluble phase generated by photoreversal irradiation of T4-enzyme treated 
irradiated DNA. Upper panel; portions of the ethanol-soluble phase of the 
photoreversal reaction containing added ‘*C-thymine were applied to silica 
gel thin-layer chromatography plates and developed with water-saturated 
ethyl acetate/n-propanol (4: 1)'’. The plates were then fractionated at 0.05 
R, increments and the radioactivity in each fraction was determined after 
elution into water by liquid scintillation spectrometry’. Phosphorylated 
species migrate in this system with an R,=0.1 (ref. 17). Lower panel: 
3}{-thymidine and '*C-thymine were mixed and applied to an adjacent lane 
of the same plate depicted in the upper panel and analysed identically 
following development. No radioactivity migrated with an R,<0.5 in either 
chromatogram (data not shown). @, PH] reaction product, 4, PHITAR 
standard; O, [)*C]T standard. 
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E. coli. The availability of purified enzyme will hopefully — 


facilitate a more detailed examination of the relationship 
of PD-~DNA glycosylase to AP endonuclease activity, 
and of other questions concerning the detailed molecular 
mechanism of the incision of UV-irradiated DNA by this 
enzyme. 
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membrane fluidity of sea 
urchin egg cortex after fertilization 
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Fertilization of the sea urchin egg is a dramatic example of cell 
activation resulting from the interaction of an external stimulus, 
the spermatozoon, with the cell surface’. Growing and quiescent 
cells. may have different membrane states’. Here we report 
membrane fluidity measurements on a surface membrane frac- 
tion, the cortex, isolated from unfertilized and fertilized eggs. 
The fluidity of the fertilized egg cortex, measured by electron 
spin resonance (ESR) spectroscopy using 5-doxylstearate as a 
probe, is less than that of the unfertilized cortex. In the intact egg 
the intracellular Ca** concentration increases after fertilization 
and this transient rise seems to be localized in the cortex’. The 
addition of Ca** to the cortex fraction isolated from unfertilized 
eggs triggers a fluidity decrease in vitro. The fluidity decrease 
seems to represent a Ca’*-induced change in membrane struc- 
ture rather than a direct interaction of Ca’* with phospholipid 
headgroups. 





* Present address: Laboratory of Tumor Biology, Sidney Farber Cancer Institute, 44 Binney 
Street, Boston, Massachusetts 02115. 


Bulk membrane fluidity of sea urchin eggs increases after 
fertilization or partial activation by ammonia**. We could not 
determine the effect of fertilization on plasma membranes of 
intact eggs because ‘S-doxylstearate probably partitions 
throughout egg membranes’ and plasma membrane accounts 
for only a smalll percentage of the membrane present. The egg 
cortex can be isolated in a functional form®” (see Table 1 legend 
for details). The cortex fraction contains several components in 
addition to plasma membrane. The extracellular vitelline layer 
of the unfertilized egg becomes the fertilization envelope after 
fertilization’’. The hyaline layer surrounding the fertilized egg 
cortex holds the blastomeres together''. Cortical granules, 
membrane-delimited vesicles ~ 1 um in diameter, line the inner 
surface of the plasma membrane of unfertilized eggs and fuse 
with the plasma membrane within seconds of fertilization’. The 
addition of Ca** to the unfertilized egg cortex triggers the 
discharge of cortical granules in vitro’, a process analogous to 
the cortical granule exocytosis which occurs as the intracellular 
Ca** level rises after fertilization’. When viewed by scanning 
electron microscopy or phase contrast microscopy, our cortex 
fraction consisted of nearly intact cortical hulls and smaller, 
morphologically unidentifiable membrane fragments. On addi- 
tion of Ca’ to the unfertilized egg cortex fraction the cortical 
granules disappeared and each cortical fragment twitched and 
became less opaque by phase contrast microscopy. By this visual 
assay our cortex preparation was apparently more than 90% 
pure. The purification of plasma membrane in this fraction was 
at least 10-fold, as judged by the specific activities of mitochon- 
drial and endoplasmic reticulum enzyme markers, and nucleic 
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Table 1 Enzyme and nucleic acid content of cortex fractions 
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Cytochrome c oxidase 
specific activity 


NADH oxidase 


specific activity Nucleic acid 


U per mg protein U per mg protein protein 
Sample per min Relative per min Relative (w/w) 
Unfertilized egg homogenate 1.38 (100%) 0.48 (106% ) 0.135 
Unfertilized egg cortex 0.092 6.5 0.056 11.6 0.012 
Fertilized egg homogenate 1.33 {100% } 0.65 {100% } 0.128 
Fertilized egg cortex 0.11 8.3 0.083 12.7 0.013 


Enzyme activities, protein and DNA content were measured for cortex fractions isolated from unfertilized and fertilized Strongylocentrotus 
purpuratus eggs. The procedures used were modifications of the methods described by Schatten and Mazia’ and Grainger’. The samples were 
maintained at 15 °C throughout the isolation, The jelly coat was removed by incubating eggs for 2 min in seawater (Instant Ocean, Aquarium Systems) 
titrated to pH 5 with HCI. Dejellied, unfertilized eggs were washed in isolation medium containing (mM): glycine, 350; NaCl, 300; MgCl, 4: EGTA, 
10; Tris base added to a final pH of 7.6. The eggs were hand-homogenized (8-20 strokes) in a Teflon—glass homogenizer in isolation medium 
containing 0.2 mg m!~' soybean trypsin inhibitor. Cortices were collected by centrifugation at 700 g for 168, washed once with isolation 
medium-soybean trypsin inhibitor, then washed twice with isolation medium. For cortex isolation from fertilized eggs, 3 volumes of 10 mM 
dithiothreitol in artificial seawater titrated to pH 9.1 with Tris base were added to dejellied, fertilized eggs 20 s after addition of sperm. This treatment 
dissolved the fertilization envelope”. After 4 min, 9 volumes of Ca?” -free seawater were added with stirring. Ca’*-free seawater contains (mM): 
NaCl, 460; MgCl, 55; KCI, 10: NaHCO,, 2.5; EGTA, 10: titrated to pH 8.0 with Tris base. After 10 min Stirring, the eggs were allowed to settle, then 
washed with isolation medium and homogenized as described above. Protein and nucleic acid were assayed spectrophotometrically’'. Cytochrome c 
oxidase and NADH oxidase were assayed as described elsewhere?” 
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acid content (Table 1). From the data of Schroeder? we esti- 
mate that 50% of the membrane surface in the cortex fraction is 
plasma membrane and 50% cortical granule membrane. The 
purity of plasma membrane in the cortex fraction compares 
favourably with that of other purified plasma membrane frac- 
tions from animal cells despite the presence of cortical granules. 

We measured membrane fluidity in the cortex fraction iso- 
lated from fertilized and unfertilized eggs. The order parameter, 
S, derived graphically from the ESR spectrum of 5-doxyl- 
stearate, decreases from 1 to 0 as the system becomes less 
ordered'*. 5-Doxylstearate does not reside in neutral lipid 
droplets in these conditions’, and the rapid, anisotropic motion 
revealed in the ESR spectrum means that 5-doxylstearate is 
probably not bound to protein’. Thus, an increase in order 
parameter may be interpreted as a decrease in membrane 
fluidity’. $ measured for fertilized egg cortices isolated 30 min 
after fertilization is 3.2+ 1.3% greater than when measured for 
unfertilized cortices from the same batch of eggs (Table 2). This 
change is about 50% greater than the change in S of bulk 
membranes”, and is in the opposite direction. The response of 
this surface membrane fraction to fertilization seems to be 
distinct from the response of intracellular membranes. 

An increase in $ also accompanied the in vitro discharge of 
cortical granules of the unfertilized egg cortex (Table 3). In expts 
1-5. cortical granules were discharged by adding a sufficient 
quantity of 0.1 M CaCl, just to titrate the 10 mM EGTA present 
in the isolation medium. The average AS observed for calcium 

addition in vitro was about the same as the average AS observed 

in the cortex fraction after fertilization. For example, the 
average % AS measured at ambient temperature for unfertilized 
relative to fertilized egg cortices was 3.4 + 1.8 compared with an 
average % AS of 3.3+ 0.6 for the change induced by addition of 
Ca”, measured at ambient temperature. The cortical granules 
of unfertilized egg cortices spontaneously discharge in isolation 
medium lacking EGTA. Spin labelled cortices allowed to 
undergo spontaneous discharge after removal of EGTA also 
exhibited an increase in S (expt 6). Mild heat treatment in the 
presence of EGTA discharges cortical granules. Cortices treated 
for 2 min at 40 °C in isolation medium containing 10 mM EGTA 
exhibited a similar increase in S (expt 7). 





Table 2 Order parameter of cortices isolated from unfertilized and 
fertilized eggs 


S S 
unfertilized fertilized 
Expt Temperature cortex cortex AS (%) 
i Ambient 0.669 0.683 2.1 
2 Ambient 0.657 0.687 4.6 
3 12°C 0.756 0.777 2.8 





Each experiment represents cortices isolated from the eggs of a 
different animal. 5-Doxylstearate in methanol was dried onto the wall of 
a test tube under a stream of nitrogen. A cortex suspension (1 ml} (Table 
1) was added, the mixture was incubated for 10 min at 15°C, then a 
cortex pellet was collected by centrifugation for 10s at 700 g. The wet 
cortex pellet was washed with 0.5 ml isolation medium, then transferred 
to a Pasteur pipette sealed at one end. The molar ratio of spin label 
added to cortex phospholipid was approximately 1:30. ESR spectra 
were recorded from samples in sealed Pasteur pipettes on a Varian 
E-104A or E-4 ESR spectrometer equipped with a Varian temperature 
control accessory. Microwave power was 10 mW and modulation ampl- 
itude was 1 or 2G. $ was measured graphically from the spectra `. 
Multiple measurements of these samples indicated that the accuracy of 
the %AS measurement is +0.5%. 


The exocytosis of cortical granules seems to be self-propagat- 
ing in vivo" and in vitro® and a release of Ca?* from the cortex 
may be involved’. Ca?* interacts with the polar head group of 
phospholipids, rendering them less fluid", but that is an unlikely 
mechanism for the effects described here. The intrinsic asso- 
ciation constant of Ca?” for negatively charged phospholipids is 
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Table3 Effect of in vitro cortical granule discharge on order parameter 
of unfertilized egg cortex 
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Method of Temperature S before S after 
Expt discharge CO) discharge discharge AS (%) 
1 Add CaCl, Ambient 0.595 0.617 3.7 
2 Add CaCl, Ambient 0.591 0.608 2.9 
3 Add CaCl, 12 0.727 0.748 2.9 
4 Add CaCl, 12 0.771 0.818 6.1 
5 Add CaCl, 12 0.753 0.776 3.0 
6 Remove EGTA 12 0.759 0.790 4,1 
7 Heat 12 0.747 0.800 7.1 


Each experiment represents cortices isolated from a different animal. 
Measurements were made as described in Table 2 legend. CaCl, was 
added to washed, labelled cortices as 0.5 M CaCl--0.5 M Tris base. The 
pH after Ca?* addition was 7.6+0.1. EGTA was removed by washing 
with isolation medium lacking EGTA. Heat discharge was effected by 
warming the sample to 40 °C for 2 min. Multiple measurements on these 
samples indicated that the accuracy of the AS% measurement is +0,5% . 


of the order of 10 M`' (S. McLaughlin, unpublished results). We 
estimate that the Ca** concentration is less than 1 uM for all the 
samples studied here except those lacking EGTA or containing 
added Ca”. The intracellular Ca** concentration was estimated 
to reach 2.5-4.5 pM after fertilization’. At these concentrations 
less than 1% of the negatively charged lipids should carry bound 
Ca?*, even considering that the surface concentration of Ca** 
may be 100-fold greater than the bulk concentration because of 
the effect of the membrane surface potential'’. It seems clear 
that Ca?” triggers the observed decrease in fluidity of the cortex 
but it apparently acts through membrane proteins rather than 
directly on the phospholipid bilayer. 

Fluorescence photobleaching recovery measurements on 
mouse eggs revealed 10-100-fold slower rates of lateral 
diffusion on the cell surface after fertilization". Studies on the 
rheological properties of the sea urchin egg surface showed that 
the cortex of the cell stiffens in response to fertilization'’. These 
results seem consistent with the decrease in fluidity reported 
here. 

These changes in fluidity are sufficient to alter the activity of 
membrane-bound enzymes such as adenyl cyclase and (Na* + 
K*)ATPase by several fold (refs 18, 19 and M. Sinensky, 
unpublished results), assuming that the enzymes undergo the 
same change in fluidity as does the spin probe. The fluidity 
change could have an important role in the transition of the 
membrane from its quiescent to its proliferating state’. 

Part of this work was carried out in the laboratory of V. D. 
Vacquier. This work was supported by NIH grants HD-12986 
(to V.D.V.) and GM-23218 (to C.J.S.), and by NIH training 
grants GM 07212 and CA 09176. 
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The essential Lamarck 


JUST as it was once common in natural 
history to view a wide array of species as 
existing primarily for the benefit of man, so 
too was it once common in the history of 
science to consider a large number of 
scientists as being adequately understood 
once they were identified as the ‘pre- 
cursors’ of later thinkers. It isa mark of the 
growing maturity of the history of science 
that the ‘precursoritis’ that plagued the 
field as recently as a generation ago has 
now generally disappeared. French 
historians of science, most notably 
Alexandre Koyré and Georges Canguil- 
hem, were prominent among those who 
argued that precursorship is a concept that 
is antithetical to the appreciation of 
scientific ideas in the past. Now Madeleine 
Barthélemy-Madaule, Professor of Philo- 
sophy at the Université de Picardie, has 
taken the insight of Koyré and Canguilhem 
and applied it to the case of Jean-Baptiste 
Lamarck (1744-1829), the French biologist 
who for about a century has been 
acclaimed, especially in France, as one of 
the great precursors of modern 
evolutionary thought. 

Lamarck is a good choice for illustrating 
the problems of the notion of 
precursorship. His name is well known, but 
the ideas for which he is remembered fail to 
illuminate either the nature of his own 
work or the scientific problems of his day. 
Madaule’s book is not the first study to 
make this point. The rethinking of 
Lamarck’s place in the history of science 
began with papers written by Charles 
Gillispie in the 1950s and has continued up 
to the present. It is refreshing, nonetheless, 
to find that a book published in Lamarck’s 
own country on the 150th anniversary of 
his death is directed more toward the issue 
of relocating Lamarck in his own historical 
context than toward the issues of who 
deserves the title of ‘founder of evolution’ 
or what Darwin owed to Lamarck. 

Madaule has not attempted to provide 
an extensive treatment of Lamarck’s life 
and work. She has sought instead to 
examine some of Lamarck’s essential 
concepts in order to make clearer the 
interrelations of the ideological and the 
scientific elements of Lamarck’s thought. 
At the same time she has sought to put to 
rest the ‘‘myth’’ of the precursor. As she 
explains, this is to be achieved through 








R.W. Burkhardt 





Lamarck ou le Mythe du Précurseur. By 
M. Barthelemy-Madaule. Pp.185. 
(Editions du Seuil: Paris, 1979.) Approx. 
SSF, £7. 
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“the exploration of the possibilities of an 
epoch, the vigilant notation of the concepts 
that are utilized and of those that are not” 
(page 74). After an introductory chapter on 
Lamarck’s life, she successively considers 
his ideas on nature, the relation between 
the animal ‘‘series’’ and environmental 
‘“circumstances’’, the inheritance of 
acquired characters, and adaptation. 
These are concepts in Lamarck’s thought 
which have often been discussed, but 
Madaule manages to bring good sense and 
originality to her analysis of each of them. 
Her final chapter surveys how Lamarck 
came to be identified as a precursor of 
various later thinkers. 

The author’s treatment of the role of 
‘“‘ideology’’ in Lamarck’s thought is 
intriguing, but it is surprisingly narrow 
given her references to Canguilhem’s and 
Althusser’s thoughts on ideology in 
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science. The ideological element she 
identifies in Lammrck’s thinking is a 
theological one, manifesting itself in 
Lamarck’s concep:s of nature and the 
animal series and the relation of these 
concepts to Lamarck’s thoughts on ‘‘the 
Supreme Author of all things’’. Madaule’s 
observations on the ambiguities and 
tensions in Lamarck’s presentation of 
these concepts are excellent and constitute 
an important contribution to Lamarckian 
scholarship. However, her reference to the 
ideological element in Lamarck’s thinking 
as a ‘‘survival’’ (page 76), her view of the 
progressive elimination of this element 
along the route from Lamarck’s 
evolutionary theory to Darwin's (page 139) 
and her phrase “ideological contamin- 
ation’’ (page 141) suggest that she is 
operating with a restricted and generally 
negative view of the role of ideology in 
science. It is curious that Lamarck’s 
commitment to a naturalistic explanation 
of mental as well as physical phenomena 
does not qualify in some measure as 
‘ideological’ and snot subjected to closer 
historical and philesophical scrutiny. 

It is also curious that in a book devoted 
to placing Lamarck’s thought in its own 
historical context considerable space is 
given to the issue cf whether or not recent 
developments in molecular genetics have 
brought back the possibility that acquired 
characters may imdeed be inherited. It 
would have been more appropriate to 
devote this space to examining how 
Lamarck’s thinking developed over time, 
how the concepts selected for treatment 
here fit in with the rest of his scientific and 
philosophical thought, or how his views 
compared with those of his 
contemporaries. Madaule only scratches 
the surface of this part of the historical 
task. Generally speaking, her 
philosophical orientation makes her more 
sensitive to the apparent relation of 
elements within Lamarck’s thinking at a 
given time than to the ways in which his 
thought was a dynamic, evolving entity. 
Her discussion of Lamarck’s thoughts on 
species, for example, confuses the 
Structural relations within one of 
Lamarck’s general discourses for the 
historical situatior in which the problem of 
species change came to be especially crucial 
for him. 
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_ Madaule acknowledges that history is 
reconstructed according to the concerns of 
the historian. What she has tried to offer 
the reader is ‘‘a Lamarck seen in his own 
epoch through the dimensions of a 
perspective produced by the contemporary 
world? (page 175), the perspective in 
question being that which concerns itself 
with the interrelations of science and 


ideology. She has succeeded in demon- 
strating the interest of Lamarck’s case for 
the history of science, even though there is 
much more of interest in Lamarck’s 
thinking than she mentions. Given the 
important kinds of questions she has 
posed, and allowing that new perspectives 
will provide additional questions to ask 
about Lamarck’s case in the future, there is 


every likelihood that Lamarck will 
continue to be of considerable interest for 
the history of science when his next major 
anniversary comes around. g 


R.W. Burkhardt is Associate Professor of 
History at the University of Illinois, Urbana, 
and author of The Spirit of System: Lamarck 
and Evolutionary Biology. 





Reviews of bonding 





S. R. Elhott 





Electrons and Transitions. Vol. 39 of 
Structure and Bonding. Series editors J. D. 
Dunitz, J. B. Goodenough, P. Hemmerich 
et al. Pp.120. (Springer: Heidelberg and 
New York, 1980.) DM64,$35.90. 


Various themes are common to the 
different branches of chemistry; one such, 
underlying inorganic and physical 
chemistry in particular, is bonding and its 
concomitant structure. This is the title of a 
continuing series published by Springer, 
each book comprising a collection of 
articles. The latest addition is Vol. 39, sub- 
titled Electrons and Transitions. 

This volume contains three articles. The 
first, by D. W. Clack and K. D. Warren, is 
entitled ‘‘Metal-Ligand Bonding in 3d 
Sandwich Complexes’’. The review con- 
centrates on the bonding between the metal 
and the ligand rings for various series of 
first-row transition metal sandwich 
complexes containing from three- to eight- 
membered carbocyclic rings. Experimental 
data from electronic spectra, ESR and 
photo-electron spectroscopy are compared 
with the predictions obtained principally 
from the authors’ INDO SCF molecular- 
orbital calculations. The article runs to 41 
pages and 80 references are included. 

The second article, ‘‘Ligand Polari- 
zation Model for the Spectra of Metal 
Complexes: The Dynamic Coupling 
Transition Probabilities’, is by S. F. 
Mason. Crystal field theory, the principal 
independent-systems model in which 
metal—ligand overlap is neglected, has been 
extremely successful in accounting for the 
character of the structure and bonding of 
metal complexes. Nevertheless, its short- 
comings are not confined to neglect of 
metal—ligand electron exchange. In a first- 
order independent-systems treatment, 
either the ligands perturb the metal ion 
(crystal field theory) or, in the other 
extreme, the metal ion perturbs the ligands 
(ligand polarization model). This article, 
of 39 pages and 82 references, considers 
applications of the latter approach to 
oscillator strengths of lanthanide and 
transition metal complexes, rotational 
strengths of chiral coordination 
compounds and the Faraday effect terms 
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of achiral complexes. 

The final article, by L. R. Balsenc, is 
“Sulfur Interaction with Metallic Surfaces 
and Interfaces studied by Auger Electron 
Spectroscopy (AES)’’. This sets out to 
review the contribution of AES to the 
studies of the behaviour of sulphur on and 
with metallic surfaces including, amongst 
others, gas adsorption and desorption 
kinetics, surface and grain boundary 
segregation, corrosion, passivation and 
catalyst poisoning. This technique has 
several advantages; it is very surface- 
sensitive and adsorption-site positions can 
be deduced from the angular-dependent 
Auger emission from single crystal 
substrates, and the method’s high speed of 
data acquisition is of great use in kinetic 
studies. In contrast to another commonly 
used technique, X-ray photo-emission 
spectroscopy (XPS), AES is some 20 times 


more sensitive for sulphur detection, 
although XPS is far superior in the 
elucidation of the chemical state of the 
atoms by means of the ‘chemical shift’ 
since the shift is very small compared with 
the Auger peak width and hence easily 
obscured. The review is short, only 32 
pages, but contains an extensive biblio- 
graphy, and will be of interest in both the 
academic and industrial spheres. 

In summary, this is a well presented book 
with only one niggling detail, the use of the 
American spelling, sulfur, although all 
other usage is English; the book’s appeal 
should lie primarily with researchers in 
those fields represented by the articles 
included. G 





S. R. Ellioti is University Demonstrator in the 
Department of Physical Chemistry, University 
of Cambridge, UK. 





Floras finished and 
in progress 





Peter D. Moore 





Flora Europaea, Vol.5. Edited by T. 
G. Tutin, B. H. Heywood, N. A. Burges et 
al. Pp. 452. (Cambridge University Press: 
Cambridge, UK, and New York, 1980.) 
£37.50, $85. Flora Palaestina, Part 3. Text pp. 
481, plates 757. By N. Feinbrun-Dothan. 
(Israel Academy of Sciences and 
Humanities: Jerusalem, 1979.) IL500, $55. 





“THe publication of this final volume of 


Flora Europaea represents a landmark in 


European floristics’’. So begins the preface 
to Vol. 5, and one can detect a flavour of 
relief coupled with the justifiable pride of 
this statement. The concept of a European 
flora was formed some 26 years ago and it 
was then hoped that it could be completed 
within 12 years; but the gestation period of 
this magnum opus proved far longer than 
was anticipated. This must make the final 
parturition a yet more satisfying occasion 
for the editorial committee. 

The final volume is dedicated to the 
monocotyledons and it follows the same 
style adopted in previous volumes. The 
British botanist will find few surprises in 


the arrangement and nomenclature; we are 
already accustomed to such trans- 
mutations as Endymion to Hyacinthoides 
and we could have predicted movements 
within the genus of marsh orchids, 
Datylorhiza. D. purpurella and D. 
praetermissa are now regarded as sub- 
species of D. majalis. The subspecies 
ericetorum of maculata is absorbed into 
ssp. maculata. 

These, however, are trivia. The 
importance of this work is the 
establishment of an authoritative 
description and definition of the flora of 
the whole of Europe. It is the first such 
account ever published and it is unlikely to 
be surpassed in our generation. The editors 
are to be admired for having devoted a 
large portion of their working lives to the 
project, and Cambridge University Press 
are to be congratulated on undertaking 
such a gargantuan publishing task and for 
the high standards of production. The 
complete set of five volumes now costs in 
excess of £150, but this is a wise investment 
for any serious botanist, amateur or pro- 
fessional, who wishes to be fully informed 
about the wealth of Europe’s flora. 

The development of the Flora Europaea 
project has not been an isolated process. 
Floras covering adjacent regions of south- 
west Asia are proceeding apace. Within the 
Soviet Union, Flora Europaea covers the 
entire area west of the Ural Mountains, to 
60° E, and on the southern side of the Black 
Sea P.H. Davis’ work Flora of Turkey and 
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the East Aegean Istands is continuing to 
develop. Publication of this series of 
volumes from the University of Edinburgh 
Press began in 1965 and still proceeds. 
Similarly, to the south of the Caspian, K. 
H. Rechinger, based in Vienna, continues 
to work upon Flora Iranica, which 
commenced publication in the early 1960s. 

A further, well advanced project is Flora 
Palaestina which is being published by 
the Israel Academy of Sciences and 
Humanities, Jerusalem. The recently 
published third part of this series covers the 
Ericaceae to Compositae, and the geogra- 
phical range of the Flora encompasses 
Israel and the west and east banks of the 
Jordan rift valley, south to Elat and 
Aqaba. There are keys to genera and 
species of Palestinian plants plus detailed 
descriptions of each species. These 
descriptions include notes concerning the 
ecology and habitats of the plants, as well 
as their geographical range within the study 
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area and their full world range. These are use- 
ful notes which are not generally found in 
Flora Europaea because of pressure on space. 

Each part of Flora Palaestina is 
accompanied by a volume of plant 
drawings which are of very high artistic 
quality and botanical accuracy. Five artists 
have been employed in this task, but a 
commendable uniformity of style has been 
maintained. Since a fair proportion of the 
plants illustrated are widely distributed in 
the eastern Mediterranean, these drawings 
will prove useful and interesting to 
European botanists as well as to the 
Israelis. Which leads one to the question 
whether a similar set of illustrations could 
be prepared to accompany Flora 
Europaea? Herculean, perhaps, but 
nevertheless a profitable exercise. E] 


Peter D. Moore is Senior Lecturer in Plant 
Sciences at King’s College, University of 
London, UK. 





Pore structure and 
flow modelling 


D. J. Gunn 


Porous Media. By F. A. L. Dullien. Pp. 
396. (Academic: New York and London, 
1980.) $42, £23.60. 





IN THE preface Professor Dullien gives the 
primary purpose of this book as 
“presenting in an organised manner the 
most pertinent information available on 
the role of pore structure and then putting 
it to use in the interpretation of 
experimental data and the results of model 
calculations”. In pursuit of these aims the, 
book is divided into two principal parts, the 
first of which is devoted to the description 
of pore structure, the second to flow 
properties of porous media. 

Work on pore structure is described in 
two 70-page chapters. In Chapter 2, ‘‘On 
Capillarity in Porous Media’’, the 
description of capillary pressure 
measurements in porous media is followed 
by a description of pore network models of 
capillary tubes and capillary pressure 
functions generated by network models. In 
Chapter 3 porosity and permeability are 
defined, the measurement of pore size and 
pore size distribution is considered, and the 
measurements of pore size distribution are 
described for a range of materials. Single- 
phase flow in porous media is considered in 
Chapter 4 and includes a survey of some of 
the available correlations between flow and 
pressure gradient, statistical permeability 
models and network models, with sections 
on gas flow and diffusion, and’ non- 
Newtonian flow. The description of 
multiphase flow of immiscible fluids,’ 
Chapter 6, 1s mainly directed to the flow of 


oil and water through both consolidated 
porous solids and unconsolidated solids, 
while the last major part of the book is 
Chapter 7 on miscible displacement and 
dispersion. 

The emphasis of the book is on 
fundamental studies of interest in 
petroleum recovery and production, 
although topics such as the formation, 
flow and dispersion of micro-emulsions 
that are of interest in secondary recovery 
are not considered in detail. The book 
would have been more helpful if the 
description of models for flow and 
dispersion in porous media was more 
critical. The most important criteria for the 
success of a model description are that the 
model should be well founded, and that it 
should describe experimental phenomena 
without invoking significant further 
measurements to define the parameters of 
the model when applied to a particular 
situation. Some of the model descriptions 
of dispersion in porous media, although 
considered in some detail in the book, have 
not been shown to relate to experimental 
measurements of dispersion, while the use 
of a bivariate pore size distribution to 
estimate permeability requires more 
experimental work than a direct 
measurement! 

However, for those who have already 
been introduced to the study, the 
publication of a research monograph on 
flow in porous media is timely because of 
the economic importance of techniques for 
secondary oul recovery. Further, it is very 
useful to have this comprehensive survey 
available as an aid in process development 
and in the mathematical modelling of field 
flows. g 


D. J. Gunn is Reader in Chemical Engineering 
at the Univeristy College of Swansea, UK. 
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Macromolecules 
in 3D 


Colin Blake 


Teaching Aids for Macromolecular 
Structure. Compiled by Richard J. 
Feldmann and David H. Bing. Instructor 
manual pp.114 with 116 stereoslides; 
student kit 49 stereoslides with viewers. 
(Taylor-Merchant: New York, 1980.) 
Instructor kit $210. student kit $15. 





THE APPLICATION of the X-ray diffraction 
technique to crystalline and paracrystalline 
biological materials has produced a solid 
body of information on the structure and 
function of many biological 
macromolecules. After an initial period of 
scepticism concerning the significance of 
the results, this material has now become 
reasonably well integrated into the broad 
field of biochemistry, and is now routinely 
taught at the undergraduate level, not only 
to biochemists, but also to those in other 
more biological or physical sciences. 
Teaching this material is however fraught 
with problems, most of which derive from 
the sheer complexity of biological 
macromolecules. Although the repetitive 
structures of DNA, the a-helix, -sheet and 
even the collagen helix are fairly easy to 
visualize, the molecules of t-RNA, 
supercoiled DNA and most proteins and 
enzymes are much more difficult to 
illustrate. To overcome these difficulties a 
variety of short cuts are no doubt taken; the 
most extreme is tg ignore all of an enzyme 
except its catalytic site, which at best does 
less than justice to enzymes and at worst 
gives a completely distorted view of the 
ralson d’@tre of the subject, the attempt to 
understand the characteristic integration 
of structure and function exhibited by 
biological macromolecules. To say this 
does not necessarily imply criticism of the 
people who use the short cuts; it probably 
has much more to do with the sheer 
difficulty of producing teaching material 
that shows the extent of the structure -— 
function integration. Even with acomplete 
set of plastic and wire models, and mono 
and stereo slides there are problems: 
models are either too small or too complex 
to point out particular features to a class of 
students, and slides, even those in stereo, 
have of necessity to be simplified and 
cannot show all the features of a complete 


molecule. And, of course, many 
departments are not comprehensively 
equipped in this way. 


With these problems as an overt 


background, a new aid for teaching 


macromolecular structure has just become 
available. Called TAMS, an acronym for 
Teaching Aids for Macromolecular 
Structure, it has been compiled by Richard 
Feldmann of NIH and David Bing of The 
Harvard Medical School. TAMS consists 
of a large ring-back folder containing a 
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students’ text, a teachers’ text and a 
collection of 116 2° x 2° colour stereo slide 
pairs. A selection of the slides has been 
included on seven large cards which 
together with a simple but ingenious stereo 
viewer are packaged in a small plastic wallet 
for use by individual students. Although a 
small stereo viewer is included inthe TAMS 
folder the stereo slides are intended for 
projection to the class using two normal 
slide-projectors (a stereo projector may not 
be suitable), an aluminized screen and 
polarized viewing glasses. Details of the 
simple modifications needed to be made to 
the projectors and an address where the 
screen and glasses can be obtained are 
included. 

The text of TAMS is essentially a 
straightforward description of the contents 
of each slide, and need not be considered 
further. The slides are the heart of the 
system and it is on their technical quality 
and illustrative suitability that TAMS must 
be considered. One must say at once that 
the technical quality of the slides is quite 
superb. The vast majority of them are 
computer-drawn, coloured and shaded 
views of space-filling models of nucleic 
acids, proteins and their ligand complexes, 
that paradoxically do not, and at the level 
of accuracy shown, could not exist. 
Nevertheless the illusion of looking at 
three-dimensional, coloured space-filling 
models of a variety of biological 
macromolecules is totally convincing and 
one that students will readily accept, 
certainly with enjoyment and one hopes 
also with understanding and insight. 
Technically these slides are so good that 
one feels rather churlish in making 
criticisms: but there are two aspects on 
which I feel some dissatisfaction. First, 
although the muted colours are very 
agreeable to look at there are some 
difficulties in distinguishing the colours 
that are described as ‘‘light charcoal’ and 
“pale blue’? but which appear as very 
similar shades of light blue-grey. Also, the 
bluish shading of white spheres and the 
white highlights on pale blue or even pink 
spheres can lead to confusion. Secondly, 
and more importantly, the very success of 
the space-filling illusion appears to have 
seduced the compilers into using them 
almost exclusively, when many more line 
drawings would have been very valuable in 
providing aids to identifying particular 
features in the often complex space-filling 
picture. 

Having established the technical 
excellence of the slides, one now has to 
consider how well they illustrate the seven 
“themes” of TAMS: Peptide Bond, Alpha 
Helix, Beta Sheet, Tertiary Structure, 
Quaternary Structure, Prosthetic Groups 
and Active Sites. Here | must confess to 
active disappointment, particularly in the 
case of the student cards, with both the 
overall organization of the material and the 
way in which it is illustrated in individual 
slides. The first student card on the Peptide 
Bond gets off to a very bad start. Four of its 
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seven views illustrate a molecule called 
Synthetic Di-Alanine, with no more 
explicit description in either student or 
teacher text, but which is not the expected 
alanylalanine but an acetyl derivative 
whose additional methyl group perversely 
complicates the intended illustration of the 
spatial relationship of the methyl side 
chains and the peptide group. The final 
slide on this card shows a proline residue 
almost edge-on in the myoglobin molecule 
which thankfully illustrates rather 
ineffectually the text’s repetition of that 
old misconception that prolines cannot be 
accommodated in helices. Why it was 
decided not to use this card to illustrate the 
Ramachandran dipeptide analysis, or why 
the card on Tertiary Structure does not 
consider the Levitt and Chothia 
classification of protein structure Is not 
explained in the text, but what is shown in 
no way replaces these important insights 
into the principles of protein structure. The 
card on Active Sites brings out another 
problem — that of identifying particular 
residues ina complex, space-filling picture. 
Because no visual guide is given it is really 
very difficult, even when one knows what 
one is looking for, to identify the serine and 
histidine in the active sites of the serine 
proteinases. I can see many students giving 
up slides like this, and there are quite a 
number of them, simply because of the 
difficulties of identification. In contrast 
the other kind of slides in which specific 
features are picked out in particular 
colours can be immediately comprehended 
and represent the proper use of the system. 
One has to conclude that the primary 
requirement of teaching material, that it 
should be closely organized and absolutely 
clearly illustrated, has not been 
consistently borne in mind when TAMS 
was being planned. Finally, the choice of 
material in the cards and in the main body 
of the slides is not as comprehensive as it 
might be: there are no examples of fibrous 
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proteins or carbohydrates, no illustrations 
of viruses apart from two slides of the 
filamentous type, there is insufficient 
consideration of intracellular proteins and 
too much emphasis on certain small 
proteins, most notably parvalbumin and 
cytochrome c. Of course one is aware that 
the authors are dependent on information 
being made available from recent research, 
which may account in part for the restricted 
choice of material, but certainly not all. 

I have no wish to overemphasize the 
deficiencies in the choice and display of the 
material in TAMS. There are many slides 
which are both a joy to look at and which 
illustrate important aspects of protein and 
nucleic acid structure that could scarcely be 
demonstrated in any other way. The small 
set of views of nucleic acid structures is 
particularly striking, and especially that of 
supercoiled DNA, while in the enzyme 
collection the visualization of the deep 
cavities in which the active sites of carbonic 
anhydrase and carboxypeptidase are 
located is most successfully carried off. 
Once seen, many teachers will see slides of 
this kind as essential and irreplaceable 
visual aids to their courses in 
macromolecular structure. For this reason 
TAMS must be welcomed and Feldmann 
and Bing commended for overcoming the 
considerable technical and commercial 
difficulties they undoubtedly faced in 
making these slides generally available. 
Nevertheless a slight sense of 
disappointment of an opportunity missed 
persists. In the second edition of TAMS, 
one would ask the compilers to ignore 
McLuhan’s notorious motto ‘‘The 
medium is the message’ which they use to 
preface the text, and suggest that they keep 
the medium but think about improving the 


message. a 





Colin Blake is in the Laboratory of Molecular 
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Polymer science and 
scaling 





M.A. Moore 


Scaling Concepts in Polymer Physics. By 
Pierre-Gilles de Gennes. Pp.320. (Cornell 
University Press: Ithaca, New York, and 
London, 1979.) $38.50, £23. 





OUR KNOWLEDGE of the physics of long, 
flexible polymer chains has been greatly 
extended in recent years by important 
developments in both experimental and 
theoretical techniques. On the experi- 
mental side the advent of high-flux neutron 
beams has made it possible to observe a 
labelled chain in a sea of chemically iden- 
tical but unlabelled chains. This is done by 
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by deuterons which scatter neutrons more 
intensely than protons. Extensive data on 
long-range conformations and correlations 
have now become available. A traditional 
tool for studying polymers in solution has 
been that of light scattering, which has 
been improved almost beyond recognition 
by the development of the ‘photon beat’ 
method which now allows study of the 
dynamics of polymer chains in the fre- 
quency range 1° 10° cycles. 

Alongside this development in 
experimental technique there has been a 
sharpening in our theoretical under- 
standing brought about by the discovery of 
the close connection between polymer 
statistics and phase transitions. This dis- 
covery has enabled concepts useful in the 
study of critical phenomena such as scaling 
and critical exponents to be transferred to 
the field of polymer science. De Gennes has 
been the foremost worker in this area and 
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his book is essentially a collection of the 
results which he and his co-workers have 
obtained by the application of scaling 
ideas. These results have been largely con- 
firmed by the new experimental methods 
and the general agreement between theory 
and experiment is most impressive. 
However, the scaling method only gives an 
understanding of ‘universal’ properties 
such as, for example, the molecular weight 
dependence of the dimensions of a flexible 
polymer molecule in solution. Numerical 
prefactors, which are specific to a given 
monomer, are not predicted by this 
approach. 


In the book the scaling concept is. applied 
to a great variety of topics. Polymers in 
dilute and semi-dilute solution, theta sol- 
vents and good solvents, gels, melts and the 
dynamics of single chains and networks are 
just some of the problems successfully 
treated. It is not easy to apply scaling ideas 
and much physical insight is needed to get 
correct results. De Gennes has such insight 
and he is also adept at explaining his 
reasoning. Further work is now needed to 
derive scaling results in a more systematic 
way, and in the last chapter de Gennes 
outlines the renormalization group which 
probably provides the best way of putting 
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the scaling approach ona firmer theoretical 
foundation. 

The book is written mainly for experi- 
mentalists in polymer sciences who wish to 
incorporate the recent theoretical advances 
into their mode of thinking and for poly- 
mer theorists who want to achieve a 
qualitative understanding of the scaling 
method. It is an excellent work and no 
worker in the field can afford to be without 
acopy. = 


menor 


M.A. Moore is Professor of Theoretical Physics 
in the University of /danchester, UK. 





Applied bifurcation 
theory 
Michael Berry 


Bifurcation Theory and Applications in 
Scientific Disciplines. Edited by O. Gurel 
and O.E. Réssler. Pp.708. (New York Aca- 
demy of Sciences: New York, 1979.) $85, 





THIS is a collection of over 50 papers 
presented at a conference held in New York 
in 1977. Bifurcation is sudden qualitative 
change in the solutions of an equation or 
system of equations, produced by the 


smooth variation of one or more para- 
meters. As might be expected on the basis 
of such a general definition the papers 
cover a vast range of subjects, well in- 
dicated by the titles of sections into which 
the book is divided: mathematics, biology, 
chemistry and chemical engineering, 
physics, ecology, economics, engineering, 
and experimentation and simulation. What 
all these subjects have in common is that 
they involve nonlinear equations, and the 
reason for the emergence of bifurcation 
theory as a separate discipline is that for 
some classes of nonlinear equations the bi- 
furcation behaviour is beginning to be well 
understood. 





Source book 
on cadmium 





M.H. Martin 


The Chemistry, Biochemistry and Biology 
of Cadmium. Edited by M. Webb. Pp.476. 
(Elsevier/ North-Holland: Amsterdam and 
New York, 1980.) Dfl. 165, $80.50. 








THis book is the second volume in a series 
On topics in environmental health, and 
consists of 11 chapters by different 
authors. 

Most of the contributions are concerned 
with mammals including human beings, 
and indeed the editor states that the book 
attempts to integrate the toxicological 
aspects of cadmium in animals (sensu 
mammals) and human beings with the 
chemistry and biochemistry of the 
cadmium ion. The singling out of soils, 
plants and aquatic organisms as other 
environmental components to be 
considered serves to highlight the absence 


Blackwell Scientific 
In their advertisement (p.xxi) in the 12th 
June issue of Nature, titles and authors of 
two books were transposed. /ntroduction 


to Modern Virology, 2nd edn, is by S.B. 
Primrose and N.J. Dimmock; Pharma- 
ceutical Microbiology, 2nd edn, is by W.B. 
Hugo and A.D. Russell. 
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of contributions on air, terrestrial 
invertebrates and non-mammalian 
terrestrial vertebrates. In addition the 
preponderance of discussion on 
metallothioneins (cadmium, zinc, copper 
and mercury), some three chapters 
amounting to 22% of the book and also 
mentioned in the aquatic context, further 
unbalances the presentation. 

In his remarkably brief preface, scarcely 
half a page, the editor states that he expects 
that the individual chapters of the book will 
be read as complete entities. To this end the 
various articles provide useful reviews on 
specific topics by authoritative 
contributors. The various chapters are 
relatively up to date, most including 
references to some 1979 literature, 
although some appear to have been 
completed before others. In fairness to the 
individual authors space could have been 
found in the preface to mention dates of 
completion of the reviews. 

The presentation is relatively lavish and 
is consistent with the Elsevier/North 
Holland Biomedical Press standards, with 
matching price. Like many books of this 
multi-author type, its main use is likely to 
be as a source book of specific aspects of 
cadmium biochemistry rather than as a 
comprehensive treatment of the 
environmental biology, toxicology an 


biochemistry of cadmium. E 





M.H. Martin is Senior Lecturer in Botany at the 
University of Bristol, UK. 


In the simplest case of all, dynamics ts 
ignored (i.e. the system’s state is con- 
sidered to change very rapidly) and bifurca- 
tion theary reduces to the classification of 
equilibria, accomplished by Thom’s theory 
of catastrophes. In several papers here a 
refined version is applied to analyse the 
types of buckling that occur in elastic 
structures under increasing load in the 
presence of imperfection (of design or 
manufacture) described by several para- 
meters. 

When dynamics is taken into account, 
the variety of possible bifurcations is much 
greater, but the following sequence of 
events is Quite common: as a parameter P 
increases, a stable equilibrium bifurcates 
into a stable closed orbit (Hopf bifurca- 
tion), which in turn bifurcates into one of 
twice the length, and so on, in a cascade of 
successive ‘subharmonic bifurcations’ 
accumulating at a finite value of P, beyond 
which the motion is aperiodic and chaotic, 
Such behaviour occurs, for example, in the 
ecological equations for the numbers of 
individuals in successive generations of a 
population reproducing in an environment 
with finite resources, or in the physio- 
logical control equations governing 
respiratory and haematological disorders, 
or im preturbucent fluid regimes with 
different Reynoods’ numbers. In several 
papers the mathematical models give a very 
good description of experimental results, 
but when structarally stable behaviour is 
expected (and fcund) in a wide variety of 
contexts, it is important to be quite precise 
about what theory is being tested. 

The general standard of exposition is 
high, but I cannot resist quoting one 
example of intolerable jargon: 

The bootstrap principle of adaptability 

theory is: The assumption of the 

hierarchical and compartmental structura- 
bility of the state description of biological 
systems is sedf-justifying within the 
framework of adaptability theory in the 

sense that such structurability is a 

necessary cendition for efficient 

adaptability. 

[ strongly recommend this book to 
anybody wanting an introduction to this 


fertile new field of applied mathematics. O 





Michael Berry is Professor of Physics at the 
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What to do about new herbicides 


THE British government has made a muddle for itself over the 
herbicide 2,4,5-T, rightly held by farmers to be one of the best 
ways of ridding fields of nettles, thistles and other weeds. Since 
the middle of the Vietnam War, it has been known that 
commercial preparations of the material are potentially 
dangerous because of the small quantities of dioxin which they 
contain. The Seveso accident dramatized the potential danger of 
the contaminant. Since then, the British government (like many 
others) has taken steps to limit the concentrations of dioxin 
permitted in manufactured lots of the herbicide, but by doing so 
has appeared merely to excite the morbid interest of trades unions 
and their members. In recent weeks, unions with as little naturally 
in common- as the National Union of Agricultural and Allied 
Workers (NUAAW) and the Association of Scientific and 
Managerial Staffs (ASTMS) have taken up cudgels against this 
apparently beneficent chemical (Nature, 10 July), asking that its 
use should be stopped. The government's capacity to make a 
rational response, or even to decide what to do, has been entirely 
undermined by the belated and shamefaced confession by the 
Minister of Agriculture on 20 June that his department has misled 
not merely itself but other bodies to which it has proffered 
reassuring advice by its mistaken estimate of the amounts of 
2,4,5-T used in Britain. 

The toxicology of the dioxin and of 2,4,5-T are by no means 
precisely catalogued, but some of the bare bones of the story are 
simple. Dioxin, an exceedingly stable chemical, causes chloracne 
in largeish doses but is also teratogenic and is known also to be 
carcinogenic. So much is clear from laboratory studies but also, 
unhappily, from accidents in which human beings have been put 
at risk. Laboratory studies have also shown that 2,4,5-T itself may 
be a teratogen. Whether it is also carcinogenic at doses which are 
not also acutely toxic remains an open question. But it is beyond 
doubt that dioxin is a much more potent teratogen than the pure 
herbicide. Such laboratory evidence as exists is unfortunately 
incomplete. The Advisory Committee on Pesticides (PAC) of the 
Ministry of Agriculture, Fisheries and Food quoted in March 
1979 data which suggest that mice and hamsters suffer 
teratological consequences only at doses which are also toxic, 
Doubt has however been cast on this conclusion, so that there are 
some who say that the effective teratological doses of the two 
materials are related by a factor of 10 or thereabouts. If this 
should be the case and because the permitted concentration of 
dioxin in otherwise pure chemical 2,4,5-T is one part in 100 
million, the foetus of a pregnant woman ‘eating commercial 
2,4,5-T by the spoonful is more likely to be damaged by the 
principal ingredient than by the dioxin contaminant. The 
recognition of this possibility has come as a shock to many 
observers of the scene, and to the NUAAW in particular. It is of 
course ironical that the government, by taking steps to limit the 
damage that might be done by the contaminant in a commercial 
herbicide, should have served only to focus attention on the 
potential dangers of the herbicide itself. 

None of this suggests that 2,4,5-T as used in Britain (or 
elsewhere that intensive agriculture is practised) should be 
considered an immediate danger. The total amount of the active 
ingredient used in Britain appears (whereby hangs a tale) to be of 
the order of 100 tonnes a year, something of the order of 100 
grams a year for each of, say, a million agricultural workers. The 
current recommendation of the Food and Agriculture 
Organization and the World Health Organization is that 24 
eat per day entails no risk of teratogenic damage. Even if 
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British agricultural workers perversely chose not to spray all the 
herbicide on nettles but, rather, ate it or fed it to their pregnant 
wives, a substantial fraction of the total quantity now used would 
have to be diverted in this way before widespread damage was 
caused. Because most of the herbicide used does actually end on 
nettles and not in people’s cups of tea, because 2,4,5-T is 
distinguished from dioxin by its relative instability and because 
the indirect consequences of the use of the material are likely as a 
consequence to be smail, it is hard to think that harvested food 
can be seriously contaminated. 

So why is there so much fuss? The most serious issue is that 
questions have been raised about the basis for the recornmenda- 
tions of PAC about the safe levels of 2,4,5-T. The question is by 
no means an easy one to settle. Such data as are to be found in the 
literature are not part of systematic anc controlled studies, while 
many of them derive from the early 1970s when the need to 
distinguish between the effects of dioxin and 2,4,5-T was not fully 
appreciated (and the technical capacity to distinguish between 
them analytically was only meagre). Yet there is some reason to 
suspect that the recommendations of PAC are not as solid as they 
might have been. This, no doubt, is ene of the issues that the 
several government committees concerned, PAC itself but also 
the committees of the Health and Safety Executive {HSE}, will be 
trying to resolve before the summer ® out. Nobody should be 
surprised if it turns out that the available data are insufficient for 
an informed conclusion to be possible. 

Whatever the outcome, it is inevitable that the mere shadow of 
doubt cast on the recommendations of PAC will call into question 
the constitution of that body, which is one of those vaguely 
defined entities of which British bureaucracy is proud to boast. 
The committee is for practical purposes responsible for licensing 
the uses made of pesticides. Its positive recommendations have 
the force of legal licences. Negative recommendations are the 
equivalent of bans. To outsiders, the great anomaly in the 
constitution of PAC is that manufacturers are not required by law 
to submit new pesticides, or new formulations of old pesticides, to 
the committee. Compliance has always been, and remains, 
voluntary. Even so, to the surprise of many people, the system has 
worked well and imaginatively -—- the regulation of the 
organochlorine pesticides has, for example, been sensible. 
Equally surprising, there is no evidence that manufacturers 
deliberately keep new products from the eyes of the committee — 
the fear that there would in that case be a statutory scheme is 
enough to keep them all on the straight and narrow path. Such 
loopholes in the British arrangements for the regulations as there 
are centre on the import of materials manufactured overseas but 
not recommended by PAC, but again there is no evidence that this 
is substantially abused. The danger now, for the Advisory 
Committee on Pesticides, is that if it should turn out that it has 
erred on the side of what may seem to be complacency in such an 
important (or at least controversial) matter as 2,4,4-T, the 
pressures for converting from a voluntary to a statutory scheme 
will be almost irresistible. That wouid mean, for all concerned, 
more bumbledom. 

The second issue that will keep the civil servants busy through 
the summer is that the Ministry of Agriculture has grossly 
underestimated the quantity of 2,4,5-T being used in Britain. For 
the past two years, the ministry has been saying that the quantity 
was something like three tonnes a year, largely on the basis of a 
survey by major users, the Forestry Commission in particular. 
Quite inexplicably the ministry, prong as it is of its connections 
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with farmers through the Agricultural Advisory Service, failed to 
appreciate that the chief use of 2,4,5-T is for spraying crops and 
grassland to get rid of weeds. But even the revised estimate of 50 
tonnes a year has had to be doubled to more than 100 tonnes in the 
light of figures supplied by Customs and Excise of the quantities 
of the herbicide imported. The broader issue here is that the 
ministry has for several years resisted complaints that its surveys 
of the use of pesticides on British farms are adequate. 

What, while these questions are being resolved, are the unions 
(and their members) to do and think? By all accounts, PAC will 
make a detailed investigation of the specific allegations of damage 
done to people that have been mentioned by the agricultural 
workers, but that cannot be a quick job. What the union must do 
is what it should have been doing all along — to make sure that 
workers spraying pesticides wear adequate protective clothing. 
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Mr Clive Jenkins of ASTMS is frying other fish. To his usual 
preoccupation with the recruitment of members, he appears to 
have added a wish to back the Health and Safety Executive rather 
than the Ministry of Agriculture as the arbiter of what pesticides 
are safe. His inclinations are understandable, for union 
representation on HSE is laid down by law. In reality, however, 
both executive and ministry have a finger in the protection of 
agricultural workers, while HSE is solely responsible for the 
occupational risks of chemical plants where 2,4,5-T may be 
manufactured. Even Mr Jenkins is on solid ground when he 
argues that the executive has dealt ineptly with recent problems. 
Whatever the strength of these complaints, however, it would bea 
great misfortune if the use of a herbicide whose value is 
unquestioned were to be needlessly and prematurely banned 
simply because the government has made a hash of this affair. 


Nato, France and the neutron bomb 


WHILE many parts of France enjoy the spectacle of protests 
against the building of civil nuclear power stations, there has been 
hardly a complaint at the French government’s announcement 
that one of its recent nuclear tests was that of a neutron bomb. 
Just possibly the explanation is that French taxpayers accept the 
theory of strategic deterrence hook, line and sinker, and are 
persuaded that French neutron bombs are intended never to be 
used but that the civil nuclear power stations being built in France 
are meant to be used, and quickly. It is, however, more probable 
that the silence which has greeted the announcement of the 
neutron bomb betokens a general agreement by the French 
population with the national strategy which has been working out 
since the mid-1950s. Whatever the explanation of the domestic 
reaction, opinions appear to have been much changed by the new 
development. The Suddeutcher Zeitung was saying last week, for 
example, that the neutron bomb means that France is no longer a 
token nuclear power. What does it all mean? 

For the best part of a quarter of a century, France has been the 
odd man out in European defence. The roots of the present policy 
appear to go back to Gaullist days, and to the theory advocated by 
General Jean Gallois that each nation should possess a nuclear 
striking force somehow commensurate with its own importance 
to a potential adversary. In reality, they probably have more 
ancient origins. It is too easily forgotten that the French have long 
memories, as long perhaps as those of the Irish. The French 
experience of two world wars is a sufficient justification of the 
conviction that nation states should in the last resort be masters of 
the means of their own defence. The painful withdrawal of France 
from NATO was as much a reflection of this belief as of overt 
distrust of the assurances in the NATO treaty or of disagreement 
with NATO strategy. Only this can properly explain how, even 
with the passage of two decades, France remains on the sidelines, 
now consulting closely with NATO and behaving as if a full- 
blown member, but stolidly opposed to rejoining the club. 

From this point of view, the development of the neutron bomb 
is logical enough. So long as France holds to the view that the time 
may come when the defence of France by Frenchmen (without 
help from elsewhere) may be necessary, it plainly makes sense that 
France should be equipped with those nuclear weapons which, at 
least in theory, could be used tactically in European 
circumstances without inviting massive retaliation from the other 


side. Whether, of course, the financial cost of this new investment’ 


is worthwhile, only the government of France can judge. 
Apparently, however, the taxpayers most immediately concerned 
have no objection. Two years or so from now, which is the soonest 
the new weapons could be deployed, France may thus be the only 
nuclear power to risk deploying these new weapons in a theatre 
where their use makes sense. 

The consequences for states on both sides of the German 
sora are not t easy to fo oresee. The most OD calculation is 
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bombs, one so modest that it could have no decisive influence ina 
major European conflict. Certainly there has been no protest yet 
from the East at what the French are planning that compares with 
the trouble evoked when the United States announced its 
intention to deploy neutron weapons in Europe more than a year 
ago. Perhaps the President of France was able to stave off trouble 
when he met Mr Brezhnev in Warsaw last month, or perhaps the 
protest is yet to come. Whatever the future, however, it seems 
inevitable that the latest developments in France will change the 
regard of other European states for the non-NATO member 
among them. But this time, unlike the early 1960s, France will 
tend to be regarded not as the black sheep of Europe but as a 
symbol of the implicit belief now strengthening in Europe that 
European responsibility for its own defence is not merely prudent 
but necessary. The Gallois doctrine, after a long hiatus, is 
catching on. 

So is there a chance that in the years ahead Western Europe asa 
whole will accept that it must, in the last resort, be responsible for 
its own defence? And what will be the consequences? The 
tendencies in this direction which have become apparent in the 
past few years differ markedly from those which carried France 
out of NATO twenty years ago. There are few in Western Europe 
who now doubt the commitment of the United States to European 
defence. Their anxiety, rather, is that this commitment has been 
one of the few reliable components of a foreign policy which has 
as often mystified as reassured. Escapades such as the abortive 
attempt to rescue the American hostages in Iran are worrying for 
Europeans not so much because of the direct risk of a 
conflagration, limited though it might well have been, but 
because they cast doubt on the machinery for consultation within 
NATO and on the process of policy formation in Washington. 
These doubts will not go away when the American election has 
been decided. There are also, however, other forces tending to 
strengthen European hankerings after a European defence 
policy. It becomes increasingly anomalous that the European 
Community has only the most slender means for formulating 
policy towards the rest of the world — the brief declarations 
tagged on to communiques such as that issued from Venice a few 
weeks ago are no substitute for a foreign policy. Moreover, it 
becomes ever more apparent that Western Europe is evolving its 
own sense of priorities as to how relationships with the East 
should be conducted. Chancellor Schmidt’s visit to Moscow, 
sceptically regarded at the outset by the United States, has 
nevertheless opened the possibility of constructive discussions 
about medium-range missiles in Europe that could, if by some 
remote chance they succeeded, be a great boon to the 
industrialized West and East alike. On the face of things, the 
French neutron bomb (not yet a weapon) is a gesture of national 
independence, but it will curiously also help to strengthen 
Western Europe’s growing tendency towards coherence and 
indendence. 
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Congress supports technology centres 


Washington 

Plans are now being advanced to imple- 
ment one of the key proposals made by the 
Carter Administration last year to help 
stimulate technological innovation — the 
setting up of a number of “generic tech- 
nology’ centres. The proposal has so far 
escaped budget cuts in Congress. 

The purpose of each ‘“‘generic tech- 
nology” centre would be to carry out 
research and development in a particular 
area of technology underlying a range of 
industrial needs, rather than being related 
to any specific product. Typical examples 
given include welding, tribology, the study 
of new composite materials and the general 
area of automated manufacturing. 

Officials at the Department of 
Commerce are now putting together 
detailed proposals from industry to 
establish three or four such centres. The 
hope is that, if Congress can be persuaded 
to allocate the $5 million requested for the 
programme, initial work on the centres 
would be under way by the beginning of the 
next fiscal year on 1 October. 

The idea behind the centres is that the 
government should provide seed money to 
Stimulate research of a type which no 
individual company may be prepared to 
support, but which is likely to benefit 
groups of companies or whole industries. 
Each centre would be jointly funded by 
industry, initially with the government 
picking up most of the bill, but with 
government support dropping to 20 per 
cent or less after five years. 

Each centre, according to details 
published by the department last month, 
will have responsibilities in three main 
areas: first, to maintain a substantial in- 
house research and development effort; 
second, to provide a range of technical 
services, including consultants, infor- 
mation, training facilities and technology 
evaluation; and, finally strategic planning 
of technology development. 

The idea has already found many 
sympathetic ears in the US Congress. The 
Senate, for example, recently passed an 
innovation bill, originally proposed by 
Senator Adlai Stevenson, Jr, chairman of 
the Science and Space Subcommittee, 
aimed specifically at encouraging research 
links between industry and universities by 
setting up a number of ‘‘centres for 
industrial technology”. The Senate bill has 
already been accepted in principle by the 
Science and Technology Committee of the 
House of Representatives. 

The private sector is also keen. 
Technology centres were one of the chief 
recommendations of the Research and 
Development Advisory Panel to last year’s 
domestic policy review of innovation. The 
committee recommended that direct 
federal support of new technology generic 
to process or product innovation in wide 
spectra of industries ‘‘should be 


strengthened and recognized as federal 
policy’’. Its chairman, Dr Jack Goldman 
of the Xerox Corporation, remains 
enthusiastic about the Stevenson bill. 

Some controversy remains, however. 
For example, should the universities be 
research contractors for groups of com- 
panies setting up a particular generic 
technology centre, as the Department of 
Commerce seems to recommending? Or 
should universities be given a more pro- 
minent role from the start as the point of 
contact between government and industry? 

The second strategy has been advocated 
by the National Science Foundation, which 
has set up a number of university-based co- 
Operative research centres under a 
programme initiated in 1973. The most suc- 


cessful of these has been the Polymer 
Research Center ct the Massachusetts 
Institute of Tecinology, now self- 
financing from industry sources with an 
annual budget of $600,000. 

NSF’s own plans for expanded efforts in 
this direction had to be trimmed by $2 
million when the Ac ministration revised its 
budget request to Congress in April. But 
NSF officials are convinced that their 
approach, usirg universities as 
‘“*surrogates’’ for federal contact with 
industry, has several advantages over what 
one refers to as tie Commerce Depart- 
ment’s ‘‘pie in the sky’ efforts to forge 
ambitious links be:-ween government and 
industry virtually from scratch. 

David Dickson 


Carnesale for NRC chairman 


Washington 

Dr Albert Carnesale, professor of public 
policy at Harvard University and deputy 
director of the Center for Science and 
International Affairs there, was nominated 
last week by President Carter for the newly- 
upgraded chairmanship of the Nuclear 
Regulatory Commission (NRC). Dr 
Carnesale is a nuclear engineer by training, 
with experience of both arms limitation 
and non-proliferation negotiations. This, 
together with his reputation as a 
**moderate’’ on nuclear issues, has led both 
anti-nuclear and pro-nuclear groups to 
greet his appointment with a cautious 
welcome. 

Carnesale’s involvement in nuclear 
energy debates, for example as a 
participant in the Ford-Mitre study of 1976 
and as head of the technical coordinating 
committee for the US delegation to the 
International Nuclear Fuel Cycle 
Evaluation (INFCE), nevertheless suggests 
that his views are closely aligned with the 
Administration’s position on sensitive 
issues such as nuclear reprocessing and 
non-proliferation policy. 

Dr Carnesale received a master’s degree 
in engineering at the Drexel Institute in 
Philadelphia, and subsequently a PhD at 
North Carolina State University. After five 
years working as a nuclear engineer with 
the defence contractors Marietta Martin, 
he joined the Arms Control and 
Disarmament Agency, and was a senior 
adviser to the US delegation which 
negotiated the first Strategic Arms 
Limitation Treaty (Salt 1) in 1972. 

He returned to North Carolina State 
University as head of the division of 
environmental studies in 1972, subse- 
quently moving to Harvard in 1974, where 
he now teaches a class at the Kennedy 
School on ** Technology, War and Peace”’, 
while remaining a government adviser on 
various defence and nuclear issues. 

Dr Carnesale refuses to be drawn on 
specific ideas about the current problems 
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of the NRC, which has been under 
considerable straim following its handling 
of the Three Mile Island accident and its 
aftermath last year. But he said last week 
that he considers the safety of existing 
reactors to be *‘the first item of business for 
anyone”. 

On the reprocessing of spent fuel, whose 
deferral by Presicent Carter is now under 
renewed attack in Congress, Dr Carnesale 
points Out his agreement with the 
conclusion of the Ford-Mitre study (subse- 
quently accepted by INFCE) that at present 
there is no economic case for recycling fuel 
from thermal reactors. 

He considers the INFCE exercise to have 
been a ‘“‘success’’ in generating an 
international dialogue on nuclear fuel cycle 
issues, even though it failed to endorse 
many aspects of US policy. **It has to be 
judged in a far wider perspective than the 
reports themselwes’’, he says. But he 
refuses to be drawn on whether the United 
States, as some of the more ardent 
congressional supporters of its non- 
proliferation poicy had argued, should 
have taken a bolder stance in registering 
areas in which i? disagreed with the final 
consensus. 

Waiting for approval. . . 
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This is one area where Dr Carnesale’s 
views are likely to be closely examined by 
Congress when it considers his 
nomination. The NRC's refusal to grant an 
export licence for nuclear fuel to India has 
already prompted moves to circumscribe 
its responsibilities for reviewing exports as 
detailed by the Non-Proliferation Act 
signed in 1978. Legislators are soon to 
consider whether to veto President Carter’s 
decision to overrule the NRC and grant the 
licences. But they will want to know how 
sympathetic Dr Carnesale is to the 
proposals of Mr Gerard Smith, head of the 
INFCE delegation, that some of the more 
stringent provisions of the NNPA_ be 
amended. 

Dr Carnesale’s appointment is said to 
have been actively canvassed within the 
White House by the Office of Science and 
Technology Policy, keen to defuse what 
has recently been called ‘‘the most 
politicized agency in town’’ — as well as to 
see strong leadership given to a body 
which, prior to the Three Mile Island 
accident, relied more heavily on collegial 
decision-making by its five commissioners. 

David Dickson 


Policy analysis 


UK adventure? 


Can pure reason throw light on the 
relationship between technical innovation 
and social change, assisting the first and 
softening the consequences of the second? 
This is the inspiration of the brave gamble 
launched last week in London by the 
Leverhulme Trust, the Science Research 
Council (SSRL). Between them, the three 
Organizations plan to spend £2.55 million 
setting up an Organization known as the 
Technical Change Centre. Sir Michael 
Swann, the retiring chairman of the BBC, 
will run the governing body of the new 
centre, but a director has yet to be found. 

The centre is intended as an instrument 
of policy analysis; it will seek, in other 
words, to influence events. Its sphere of 
Operations was last week defined more 
confidently by example than by precept — 
it may look into public perceptions of the 
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hazards of nuclear power, opportunities in 
but also the social consequences of 


microelectronics and the question whether 
academic training at the postgraduate level 


is good or bad for British industry. The 
sponsors’ interest in the gamble is best 
explained by Sir Michael Swann’s plaintive 
question why Britain, the leader in 
technological innovation for two centuries, 
Should have failed so dismally since the 
Second World War. 

The centre has venerable antecedents. 
Four years ago, the SSRC flirted with the 
notion of setting up in Britain an equivalent 
of the Washington-based Brookings 
Institution, but failed to find charitable 
partners for that venture. The new venture 
is in part a survivor of that plan, but with 
the difference that the SRC is an equal 
partner with the SSRC, that the 
Leverhulme Trust will contribute 60 per 
cent of the cost of the first five years and 
that the terms of reference, still broad, 
have been made more narrow. 

Last week, the sponsors of the centre 
werefrank in their estimate of their success. 
Much will depend on the director they can 
recruit; they also confess that they may be 
beaten by the intractability of the problems 
they tackle. They plan to make a cool 
appraisal of their venture (which may get 
under way by the beginning of 1881) in 
about four years. If things are going well, 
they would hope to give it at least a second 
lease of life. 

Precisely how the centre’s work will 
evolve plainly awaits the appointment of a 
director. For Sir Michael Swann em- 
phasized last week that its policy willevolve 
independently of the interests of the 
sponsors. He explained, however, that the 
SSRC has a special interest in policy 
analysis of this kind more or less as an end 
in itself, while the SRC has a more specific 
interest in receiving advice on how its own 
budget should be disposed. 

The core of the governing body has 
already been recruited, and includes the 
chairmen of the two sponsoring research 
councils (Sir Geoffrey Allen and Mr 
Michael Posner), Dr Duncan Davies (Chief 
Scientist at the Department of Industry), 
Sir Alastair Pilkington (soon to retire as 
chairman of Pilkington Brothers, the 
glassmakers) and Mr Philip Hughes 
(chairman of Logica Limited, a software 
house). It is intended that the board, when 
complete, should include representatives 
of trades unions. 

Sir Michael Swann says that the absence 
of the Agricultural and Medical Research 
Councils from the list of sponsors has no 
significance, but plainly the new centre will 
be looking to them as well as to other 
organizations for funds with which to carry 
out sponsored research; the funds so far 
available amount to just over £500,000 a 
year, but the centre would hope to recruita 
further £200,000 a year of soft money. 
While most of its work will be carried out 
in-house, it will also support work at other 
centres in the United Kingdom, thus no 
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doubt helping to ensure that it is not 
regarded too much as a threat by existing 
academic centres. 


Teaching companies 


Victims of success 


The British Science Research Council 
and the Department of Industry are in 
difficulties about the financing of their 
joint teaching company scheme. Paradoxi- 
cally, their problems have arisen because 
the scheme is proving more successful than 
Originally foreseen. 

When the teaching company scheme was 
set up five years ago, the aim was to secure 
the participation of about 20 companies by 
1980. Interest has been such, however, that 
33 companies are now involved and many 
more are hoping to join. The SRC and Dol 
agreed to fund the scheme on a fifty-fifty 
basis but the rapid expansion has meant 
that this year the Dol may not be able to 
pay its share. The total cost of the scheme 
has risen from £0.5 million in 1979 to an 
estimated £1.5 million this year, of which 
the Dol can contribute only £600,000. 

The SRC is confident that it will be able 
to take up the slack in 1980; the real 
problems will arise in future years, 
especially if expansionary pressures persist. 
The SRC’s contribution could probably 
increase to about £1 million a year, but 
other sources of finance would then have to 
be found. A panel of industrialists, civil 
servants and academics is to be set up at the 
end of this month, with a remit to make 
recommendations by the end of the year. 

The objective of the teaching company 
scheme is to introduce industry to the skills 
universities have to offer and at the same 
time to provide recent graduates with 
industrial experience. Typically, a 
company agrees to take on three recent 
graduates, called associates, in each of the 
first two years of membership. 

The SRC and Dol between them pay tie 
associates’ basic salaries, incidental 
expenses, cost of any special equipment 
they need and the cost of any replacement 
staff needed in universities. The company’s 
major expense is usually that of implement- 
ing recommendations for improvements. 

The pressures to expand the scheme 
come not only from companies wishing to 
join but also from those already in the 
scheme who say they have found it so 
useful that they are reluctant to leave. So 
far, only two companies have actually left 
the scheme. Because of the pressure on 
funds, the SRC is now beginning to talk to 
several companies about ways of 
terminating formal membership. 

Both industry and universities seem to be 
enthusiastic about the scheme. Industry 
effectively gets a free consultancy service 
and is able to tap otherwise inaccessible 
resources. Universities have the 
opportunity to put some of their academic 
work into practice. 

Judy Redfearn 
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Technological forecasting 


Rush programme 


The European Commission’s FAST 
project, a five-year programme in science 
and technology forecasting set up in 1979, 
is up to its eyes in applications for funds. 
Invitations to tender for part of the £1.35 
million budget were sent out early this year; 
and by the deadline of 10 April some 224 
applications had been received from 176 
institutions. Research projects relating to 
Europe 10, 20 and 30 years ahead must be 
completed by mid-1982, although the 30-40 
successful applicants will be officially 
notified only in September. 

FAST’s director, Ricardo Petrella, says 
this compression of the timetable is 
inevitable, given that the programme was 
funded for only five years by a decision of 
the Council of Research Ministers on 25 
July 1978. The FAST team of six scientists 
and four assistants spent most of 1979 
defining the nature of the programme. The 
research phase of the programme now 
beginning must end during 1982 and early 
1983 with the specification of research and 
development priorities for Europe the 
ultimate object of the exercise. 

For the participating universities and 
research institutes, there will be little time 
to come to grips with what are complex 
issues — ‘‘microelectronics innovations in 
the context of the international division of 
labour’’, for example, and ‘‘social accepta- 
bility of biotechnology-based activities’’. 
This may account for what one observer 
outside the commission has called the 
unimaginative nature of most of the 
applications. 

The applications are also biased to short- 
term issues. Petrella’s team distinguished 
three broad sectors of problems — work 
and employment, the role of information 
technologies and the role of biotechnology 
— which Petrella identifies as of greatest 
importance over periods of 10, 20 and 30 
years respectively. Some 100 applications 
were received for research in the first 
sector, 70 in the second but only 35 in the 
third. The final selection of projects will, 
however, be more uniformly divided. 

The short perspective of the FAST appli- 
cations might have mattered less if a 
parallel proposal within the European 
Science Foundation had come to fruition, 
The plan had been that the ESF, an inde- 
pendent body uniting national research 
councils throughout Europe, should have 
mounted an ‘‘additional activity” on “the 
socio-economic consequences of technical 
development’’, paid for by those among its 
members wishing to participate. This 
proposal, which would have been 
concerned with more basic and less policy- 
orientated objectives than is FAST, was 
thrown out by the ESF’s social science 
committee last year. 

_ One of the objectives of FAST, defined 
by the 1978 European Council decision, is 
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“to establish an ad hoc system of 


collaboration between specialized research 
groups within the community and so create 
a series of community forecasting 
networks”. All very well — but what can be 
done on a European scale that is not 
already being done nationally? (‘Send me 
the answer on a postcard’, one UK 
government science adviser asked one of 
the FAST team.) It is a question of scale 
and regionality, according to Mark 
Cantley, head of the FAST biotechnology 
programme. Investigation of the 
manpower and training implications of 
biotechnology-based industries, for 
example, requires consideration of 
international transfers and coordination. 
The distribution of benefits and risks 
associated with microelectronics and its 
applications is similarly a regional matter. 
FAST itself is also under test, however. 
The earlier, small-scale ‘‘Europe plus 30” 
study recommended the establishment of a 
Community Forecasting Institute. The 
council rejected that in 1978 and instead set 
up FAST for a provisional five years. 
Petrella and his team naturally hope that 

the experiment will be continued. 
Robert Walgate 


Soviet energy 


No shortage? 


The Soviet Union and its socialist allies 
have no energy crisis ahead, according to 
Petr Neporozhnu, the Soviet Minister of 
Energy and Electrification. This 
confidence, he said, was based on estimates 
of the Soviet Union’s fuel reserves — more 
than 50 per cent of the world reserves of 
coal and more than 33 per cent of the world 
reserves Of oil and gas. Furthermore, the 
Soviet Union’s hydroelectric capacity is 
potentially larger than that of the United 
States, Canada and Japan taken together. 

The minister was speaking on the 
English-language service of Moscow Radio 
beamed to North America. Inevitably, he 
compared Soviet energy policy with that of 
the United States. The latter, he said, has in 
its oil shales ‘‘more than several Saudi 
Arabias’’ but the ‘‘American 
monopolies” find it more profitable to 
import oil and raise retail prices of oil 
products than to develop new deposits. The 
minister glossed over the fact that one of 
the main barriers to the use of shale is 
environmental pollution. Estonia, which 
burns much shale in thermal power 
Stations, is a major source of pollution in 
the Baltic area. 

Neporozhnii’s confidence is to a large 
extent supported by the latest figures from 
PetroStudies (Malmo). This independent 
team monitors Soviet oil and energy 
exports on the basis of trade figures with 
individual countries. According to the 
report for 1979, published last week, the 
Soviet Union is now the second largest oil 
exporter in the world (next to Saudi 
Arabia), exporting 164 million tonnes in 
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1979, and for the past six years has been the 


world’s leading oul producer, with an 
annual target for 1980 of 606 million 
tonnes. The same cenfidence was shown by 
Dr Mikhail Tolkachev of the Soviet 
Academy of the National Economy, 
reporting to a meeting of the International 
Institute of App:ied Systems Analysis 
earlier this month. This year, said 
Tolkachev, Soviet natural gas production 
is expected to reach 4.2 million m? per day, 
an increase of more than half a million m’ 
since last year. 

Soviet claims te energy sufficiency are 
not new. Neporochni’s talk, however, is 
interesting in that it virtually ignored 
nuclear power, except for a passing 
mention of plans for integrating the Soviet 
grid with those cf the various Comecon 
countries and the construction of the new 
ETL-750 transmission line to connect 
Rzeszow in Poland with the Khmelnitskaya 
atomic power station in the Ukrainian 
SSR. This is the more surprising since 
Neporozhnu put considerable stress on the 
Soviet planners’ ‘concern for the future” 
— as exemplifiec in the long-range energy 
plan launched 20 years ago with the 
construction of the Bratsk power station in 
Siberia. The same concern, said the 
minister, has ledto long-term plans for the 
production of synthetic liquid fuel, the use 
of solar and gecthermal energy and even 
“the heat of ord.nary sea water’’. 

To most Scviet energy planners, 
however, nuclear power is usually a key 
topic in any speech on energy prospects. In 
April 1979, Academician Anatolii 
Aleksandrov, president of the Soviet 
Academy of Sciences, and himself 
formerly a leacing figure in the nuclear 
energy programme, stressed that i was 
atomic energy end coal which would help 
the Soviet Unicn to avoid what he called 
the ‘imminent energy crisis’, The Soviet 
nuclear programme does not, however, 
appear to be keeping up with the demand. 

Last month, at an All-Union conference 
on nuclear power held, appropriately, at 
Energodar, Sapozhnikov, one of 
Neporozhnii’s deputy ministers, stated 
that the construction of nuclear power 
Stations must be doubled and new 
commissioned capacity raised to 
7,000-10,000 MW per year. The target is an 
overall nuclear generating capacity of 
100,000 MW within the next 10-12 years. 

According to Fedor Ovchinnikov, 
another deputy minister of energy, the 
short-term programme is for water- 
moderated water-cooled reactors of up to 
1,500 MW capacity. Officially at least, 
there are no anxieties on environmental 
grounds. Yurm Markov, a spokesman for 
the Ministry of Energy and Electrification, 
wrote recentl in Sovetskaya Rossiya that 
Soviet nuclear power stations are so safe 
that their surroundings ‘‘are used as 
recreation areas, where families come and 
picnic, gather mushrooms and berries and 
go fishing in tne cooling ponds”. 

Vera Rich 
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Technological change 


Worry about jobs 


Washington 

The new report on science and 
technology policy (see Nature, 10 July, 
page 96) published by the Organization for 
Economic Cooperation and Development 
(OECD) is being cold-shouldered in 
Washington largely because of its warning 
that undirected technological change may 
be contributing to the rising level of 
unemployment. The report, prepared by a 
group of outside experts, sets out to 
identify the main elements of the social and 
economic environment for science and 
technology which are likely to affect 
OECD countries during the 1980s. 

The report emphasizes the need to 
revitalize technological innovation in order 
to help remedy many of the afflictions of 
the 1970s, especially sluggish economic 
growth and escalating inflation. To this 
uncontroversial conclusion, however, it 
adds that technological innovation must be 
guided so as to ensure that its potential 
benefits are not overshadowed by the 
destruction of jobs. 

The extent to which technical change, in 
both manufacturing and service industries, 
may be contributing to growing unemploy- 
ment, expected to reach 8.5 per cent next 
year, is receiving more and more attention, 
particularly at state and local levels. 
Pennsylvania’s legislature, for example, is 
considering a bill intended to reduce 
unemployment by banning automatic 
petrol stations and toll collection booths, 
among other measures. 

In Washington, by contrast, the govern- 
ment resists the notion that it must act to 
soften the impact of technical change on 
employment. Last year’s domestic policy 
review of industrial innovation, for 
example, concluded merely that ‘“‘the key 
to successful adjustment is warning time’’; 
and the national Labor Technology Fore- 
casting System subsequently promised by 
President Carter has yet to materialize. The 
dominant argument is that once rapid 
economic growth has been re-established, 
jobs lost through technical change in one 
sector of industry will be replaced else- 
where. In any case, there is growing 
antagonism towards government inter- 
vention in the regulation of innovation, so 
that the lack of enthusiasm for the OECD 
report is no surprise. 

The report started as an internal study 
within OECD to examine the relationship 
of technical change to the problems of 
inflation, unemployment and long-term 
economic growth. In part, it was intended 
as a counter-analysis to the official OECD 
report “Towards full employment and 
price stability’, produced by a committee 
chaired by Professor Paul McCracken and 
published in 1977. 

The new report challenges the 
McCracken thesis at two related levels. 
First, it argues that the economic problems 
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mid-1970s were not, as McCracken 
suggested, merely a manifestation of 
cyclical economic changes that could be 
resolved through conventional policy 
instruments. Rather, the new report 
argues, thev reflected deeper structural 
changes requiring a more radical 
approach. | 

More specifically, the report challenges 
the McCracken committee for under- 
estimating the impact of technical change 
on social and economic policy, and for 
characterizing the declining rate of 
innovation as a problem that will resolve 
itself “naturally” witha revival in demand. 
Instead, the report argues that adequate 
policies for science and technology must be 
central to any attempt to tackle the joint 
problems of high inflation and unemploy- 
ment. These problems, it argues, tend to 
depress the rate of innovation; but a 
slackening of innovation makes their 
solution more difficult. 

Government action is therefore 
necessary, the report argues, toensure both 
a faster and a ‘‘more balanced direction’’ 
for technical change. But in the United 
States, where most government economists 
accept the McCracken thesis, this has met 
with a certain scepticism. A particular 
source of irritation has been the report’s 
warning that a general substitution of 
capital-intensive for labour-intensive 
techniques in manufacturing industry may 
be exacerbating unemployment. 

Professor Richard Nelson of Yale 
University, a member of the OECD expert 
group, admits that the committee which 
prepared the report was ‘‘schizophrenic’”’ 
on the employment issue. Thus it argues 
that ‘‘a significant acceleration of technical 
advance and productivity growth would 
make the unemployment problems easier 
to deal with” but also warns that more 
capital-intensive technology may further 
worsen the condition of the labour market. 

The report adds that structural 
unemployment is now an “‘important 
feature of the economic landscape’. The 
hypothesis is an increasingly familiar one in 
Europe, particularly in Britain where it has 
been argued forcefully by, among others, 
Professor Christopher Freeman of the 
Science Policy Research Unit at the 
University of Sussex, a member of the 
group which prepared the OECD report. 
Economists here prefer to point to similar 
concerns in the late 1950s and early 1960s 
that the automation of production might 
create serious unemployment; in the event, 
excess labour was absorbed into the 
rapidly-growing service sector. 

Academic economists tend to be more 
agnostic than their government colleagues. 
Dr Robert Lund of the Massachusetts 
Institute of Technology, who has examined 
studies carried out at Sussex on the impact 
of microelectronics, says that ‘‘we did not 
find the kinds of employment impacts that 
seemed to be predicted’’. But he adds that 
“J do not know if we have enough data to 
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say that we have the right answers’’. 

Government policy-makers are less 
equivocal. The OECD report came in for 
substantial criticism when a draft was 
circulated last year. Strenuous, and 
ultimately successful, efforts were subse- 
quently made within OECD to ensure that 
the report was published as the opinion of a 
group of experts rather than with the 
organization's official backing. 

The net result, however, is that the 
report’s potential impact on policy has 
been blunted, which Professor Nelson for 
one regrets. ‘‘On the employment 
question, it may not be quite right, but it ts 
more correct than some of the discussions 
now taking place.” David Dickson 


Thermonuclear fusion 


Soviets bid half 


Brussels 

The cost of the International Test Fusion 
Reactor (INTOR), estimated at $1,000 
million, would be more than halved if the 
machine were built in the Soviet Union. 
This is the opinion of Dr L G Golubchikov, 
head of the fusion division of the Soviet 
State Committee on the Utilization of 
Atomic Energy who has been seeking to 
stimulate a greater commitment to the 
project from the West during his participa- 
tion in the eighth international conference 
on plasma physics which ended last week. 

The project, which so far consists largely 
of a design study, is being planned by the 
International Atomic Energy Agency 
(IAEA). American reaction at the 
conference, however, was cool. It might 
cost half as much, but it would take twice as 
long, was one opinion. 

INTOR, whose study by the IAEA was 
proposed by the USSR in May 1978, is 
nevertheless agreed to be a constructive 
exercise in one respect: by concentrating 
attention on the severe engineering 
difficulties of the tokamak fusion reactor, 
it is helping to define the experimental 
questions which must be tackled in the next 
generation of large tokamaks (JET in 
Europe, T-15 in the USSR, TFTR in the 
United States and JT-60 in Japan). 
However, it is also generally agreed (except 
by the USSR) that the INTOR design is 
unlikely to see the light of day as a piece of 
hardware, at least in the medium term. 

What appears most likely is that the 
recent proposal (Nature, 10 July) for a 
Fusion Engineering Device (FED) in the 
United States at a hardware cost of $1,000 
million will capture (and double) the US 
fusion budget. FED, largely the work of 
the Princeton Plasma Physics Laboratory, 
is less ambitious than the Oak Ridge 
National Laboratory’s proposal, the 
Engineering Test Facility (ETF), which in 
turn was less ambitious than INTOR. 
Moreover, it is felt in the US Department of 
Energy that collaboration with the USSR 
on a project of the scale of INTOR would 
be fraught with bureaucratic difficulties. 
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Japan would also consider collaborating 
with the United States on FED although it 
is a little early for formal approaches to 
have been made. Professor Husini, a 
Japanese representative on the IAEA's 
International Fusion Research Council, 
said last week that Japan would be ‘“‘very 
interested” in such a joint venture, on the 
basis of sharing costs. 

This leaves the European Community in 
the cold beyond JET, unless it also joins in 
FED, which is by no means out of the 
question. The European Commission has 
been considering the next European Torus 
(NET) in a small committee headed by the 
Italian physicist Professor R Toschi of 
Frascati; but, said one Italian, ‘‘the FED 
recommendation means NET will have to 
be completely rethought. Perhaps we can 
build a device a step beyond FED and five 
years later.” 


The USSR would clearly be disappointed 
if INTOR goes little further than the 
project definition, which is to be presented 
to the IAEA next year. ‘*The West has the 
bigger energy problem”’ said Golubchikov. 
The Soviet authorities are thus less bullish 
about fusion. It would thus assist the Soviet 
fusion community greatly if the next steps 
could be international. And Golubchikov 
believes the technical problems that will 
face FED or INTOR will be so great that 
Soviet participation will be necessary if 
there is to be rapid progress. After all, the 
USSR invented the tokamak — which 
appears to be the only viable ignition device 
at present — and built the only working 
superconducting tokamak (T7). 

Robert Walgate 


Laboratory merger 


Harwell again 


Several large research facilities in Britain 
will be completed late, and Britain’s 
capacity to contribute to new international 
projects will be impaired, as a result of 
pressures on the budget of the Science 
Research Council. This is the view of Sir 
Geoffrey Allen, chairman of the SRC, 
speaking at an Open Day at the newly- 
merged Rutherford and Appleton Labora- 
tories last week. Although the science 
budget has been let off relatively lightly in 
recent public expenditure cuts, he said, a 
10-15 per cent increase of the budget 
would be needed to complete existing pro- 
jects within the original timetables and to 
start new ventures. 

One victim of these enforced delays is the 
Spallation Neutron Source, at present 
under construction at Chilton, across 
the fence from Harwell. It will now be 
completed in 1984, two years later than 
Originally planned, largely because it has 
been necessary to spread out the funding 
of the £12 million project. Allen is also 
concerned that Britain may not be able to 
contribute fully to the building of a new 
European synchrotron radiation source 
(Nature, 20 May) or to the European Space 
Agency’s plan to build an astrometry 
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satellite, Hipparcos. 


The proposed European synchrotron 
radiation project, devised by the European 
Science Foundation, would require a new 
international agreement among the 


partners; Allen plainly fears that the SRC 
budget may be too tight to allow Britain to 
contribute. Hipparcos presents a different 
problem. It will be paid for out of ESA's 
mandatory science budget to which all 
member states, including Britain, contri- 
bute annually on the basis of GNP. Allen’s 





Dish awaiting satellite 


concern here is that British laboratories 
should recapture some of the cost by 
making viable bids for the ESA contracts. 

The merging Appleton and Rutherford 
Laboratories are hoping to overcome this 
manpower problem by training and re- 
deploying people as their projects come to 
an end, or as timetables are extended. The 
laboratories claim some success in these 
directions, but acknowledge that there 
must be limits to the extent to which staffs 
with different, highly specialised back- 
grounds, for example in radio and space 
physics (Appleton) and high-energy physics 
(Rutherford), can be fully redeployed. 

A major reason for the merger is to save 
costs, including some staff. The SRC hopes 
to shed about 40 administrative jobs by not 
replacing those who choose not to move to 
the new site. Most of the scientific staff are 
expected to move, however, and those who 
do not will be replaced. So far about a third 
of the 300 Appleton staff have moved. The 
rest will do so before the end of 1981. 

The plan to close the site of the Appleton 
laboratory at Ditton Park cannot be imple- 
mented precisely as originally hoped, 
however. Some of its instruments will not 
be compatible with the Chilton site; some 
millimetre wave and radio equipment, for 
example, will be sited 60 miles away to 
avoid interference from the spallation 
neutron source and 70 MeV linac. 

Judy Redfearn 








Siberian science 


Marchuk on top 


Last month’s meeting of the Supreme 
Soviet confirmed the appointment of 
Academician Gurii | Marchuk as head of 
the State Committee for Science and 
Technology. The confirmation was a 
formality; Marchuk’s appointment took 
effect last January, when the then head, 
Academician Vladimir A Kirillin, resigned 
(coincidentally on the day that 
Academician Andrei Sakharov was exiled 
to Gor’ kil). 

Marchuk came to the State Committee 
from the Siberian branch of the Academy 
of Sciences, of which he had been chairman 
since 1975. That branch, based on the 
science centre of Akademgorodok outside 
Novosibirsk, was originally set up, in 1957, 
as part of Khruschev’s overall plan to 
decentralize the economy. Its activities 
have always, therefore, been closely 
related, at least formally, to the needs of 
Siberia. 

The Siberian branch would therefore 
share the blame if science failed to play a 
full part in the opening up of the Siberian 
heartland. In the autumn of 1976, criticism 
of the Siberian branch did in fact break 
out. The State Monitoring Committee at 
the outset criticized the Academy of 
Science’s Far Eastern Science Centre for 
failing to make a proper practical 
contribution to tne national economy. The 
campaign turned to more and more 
prestigious institutions, finally attacking 
the Siberian branch itself. At that point, 
Marchuk fought back, and with an 
impressive battery of arguments 
demonstrated that, so far from slacking, 
the branch was alive and flourishing and 
more than pulling its weight. 

In his new job as head of the State 
Committee, Marchuk is responsible for the 
whole of Soviet science planning, the 
coordination of research and development 
and the subsequent implementation of 
research. Marchuk’s Siberian experience 
will be invaluable, for Siberia remains the 
major area of Soviet capital investment. 

Last April, 2 special conference of the 
Central Committee of the CPSU 
advocated increased investment in the 
fossil-fuel-bearing regions of West Siberia, 
apparently because a lack of amenities is 
making it hard to attract scientists and 
engineers to the area. The new Baikal- 
Amur Mainline railway was planned from 
the beginning as a joint exercise in 
engineering, ecology, demography and 
economics. 

Plans to divert the major Siberian rivers 
south were, however, delayed during the 
last five-year pian, although, in response to 
complaints at the possible global 
environmenta! consequences, the Soviet 
government announced that no such 
changes would occur. It has however 
mounted a major environmental study of 
the region, with the result that Siberian 
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environmentalists have had unparalleled 
Opportunity for field work in the past 
decade. This has involved the photography 
of the area from manned and unmanned 
spacecraft, ground-level geophysical 
surveys (which on one occasion discovered 
glaciers far to the south of where they were 
expected) and the drawing up of ecological 
guidelines for the engineers. There must be 
no tree-felling on slopes of more than 15 


degrees and no insecticides — construction 
gangs plagued by the ubiquitous Siberian 
mosquitoes must use protective netting or 
swatters. 

In spite of all this care, a recent report 
from the Chita Hydrometeorological 
Observatory suggests that the development 
of the BAM zone is running into environ- 
mental problems. In the north Transbaikal 
area, it appears, there is very little wind; the 
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air masses remain static for a considerable 
time and industrial emissions become 
concentrated. Long before the BAM 
railway itself is officially opened, the 
pollution in the Chara valley 1s already, say 
the Chita scientists, some 50-100 per cent 
greater than that in the European part of 
the USSR — the centre, at present, of 
Soviet industry. 

Yera Rich 


IT CORRESPONDENCE 





Biko’s doctors 


Str, — The Faculty of Medicine of the 
University of the Witwatersrand has strongly 
attacked the decision of the South African 
Medical and Dental Council that there was no 
evidence of improper or dis ful conduct 
on the part of the doctors who treated Mr 
Steve Biko before his death in detention. The 
RE has resolved unanimously to 

te itself pubhcly from the council's 
Toii taken at a closed meeting on 17 June 
1980. 

At a meeting held on Friday, 27 June, the 
Board of the Witwatersrand University 
Medical Faculty unanimously adopted a 
resolution on the ‘“‘Biko doctors”. The 
resolution reads: ‘‘The Faculty of Medicine of 
the University of the Witwatersrand, 
Johannesburg, has considered the decision of 
the South African Medical and Dental 
Council, taken at a closed meeting on 17 June 
1980, that there was no evidence of improper 
or disgraceful conduct on the part of the 
doctors who treated Mr Steve Biko before his 
death, and that there was thus no need for a 
disciplinary hearing. 

‘Bearing in mind the revelations under 
cross-examination at the inquest, and the fact 
that the magistrate presiding at Mr Biko’s 
inquest had considered that the matter of the 
Biko doctors should be referred to the South 
African Medical and Dental Council, the 
Faculty its deep concern and disqulet 
at the finding that there was no evidence of 
improper or disgraceful conduct and that the 
matter should be dropped. The faculty feels 
that there was prima facte evidence o 
improper or disgraceful conduct, which should 
have been subjected to the careful scrutiny of 
a Medical Council Disciplinary Committee 


hearing. 

‘The Faculty is of the opinion, 
furthermore, that this decision of the Medical 
Council may seriously affect the good standing 
of the South African medical profession both 
at home and abroad and, therefore, publicly 
dissociates itself from this decision. 

Further, the Faculty endorses and supports 
the Guidelines for Medical Doctors concerning 
Detainees and Prisoners, adopted by the 29th 
World Medical Assembly of the World 
Medical Association in Tokyo in October, 
1975, and known as the ‘‘Declaration of 
Tokyo’’. This states, inter alia, that a doctor 
must have complete clinical independence in 
deciding upon the care of a person for whom 
he or she is medically responmble (Article 5), 
and that a doctor shall in all circumstances be 
bound to alleviate the distress of his fellow 
men, and no motive — whether personal, 
collective or political —‘shall prevail against 
this higher purpose (Article 8). 

**The Executive of the Board of the Faculty 
of Medicine is requested to ensure that the 
views of the Board are communicated widely 
to the public and to the medical community, 
both in South Africa and abroad.’’ 

In ting this resolution, the Faculty 
stressed that ‘‘We are not saying that the 
doctors are guilty. We are sa that there Is 

sufficient for a Discip 


Committee enquiry to be instituted and that a 
decision should be taken about the behaviour 
of the doctors on the basis of a full, far, 
impartial and thorough Disciplinary 
Committee hearing. The South African 
Medical and Dental Council is supposed to be 
the watch-dog of the ethics of our profession 
and they have been zealous —- and some would 
suggest over-zealous — in the severity of the 
punishment that they have meted out, not only 
for major infringements but for what many 
would regard as minor infringements of the 
ethics of medical practice. Yet, ın the present 
case, it is difficult to accept that the Medical 
and: Dental Council has applied its collective 
mind to the problem of the Biko doctors in a 
purely objective and onate way.” 

In m the resolution, Professor Clive 
Rosendorff, Head of the tof 
Physiology at the Medical School, made this 
statement; i 

‘“Thus is all a source of great embarrassment 
and distress to many doctors in South Africe 
who are proud of the high ethical standing of 
their profession, both within this country and 
abroad. I believe that we have a responsibility 
to indicate to the world that we disapprove of 
the decision of the Medical Council to drop 
the matter. We should like it to be known that 
we dissociate ourselves, as an institution and 
as a body of concerned citizens and doctors, 
from ther decision. We do this because we 
feel that it 1s morally indefensible for a matter 
as important and serious as this to be dropped 
before it has reached the Disciplinary 
Committee stage. We do this because we feel 
that the ethical standards of our profession 
have been compromised; because as doctors 
we have a humane concern for our patients 
and their welfare; because we are worried 
about the possible effects of the decision of 
the Medical Council on the future treatment of 

risoners and detainees by the authonties; and 
use we are worried about the 
repercussions of the Medical Council’s 
decision abroad. Already there are signs of a 
campaign to cut des with doctors from South 
Afnca, both at international congress level 
and ın the recognition of our degrees abroad. 

“Countnes with which we have most 
dealing and reciprocity agreements, Great 
Britain, Australia, New Zealand, the 
Netherlands, Belgium, the United States of 
America, Canada, have always been to 
accept the bona fides of the S.A. M and 
Dental Council. However, there are already 
indications that on this point has 
started. The British Medical Association 
Ethics Committee is to examine the Biko ` 
doctors decision of the S.A. Medical and 
Dental Council. In Geneva, the World Health 
Assembly has called on member countries to 
review their medical ties with South African 
doctors ”’ 

My Faculty believes that it is vitally 
important that we distance ourselves from the 
decision of the Council. As a group of 
concerned doctors and Medical ool 
teachers, we are worried that the South 
African Medical and Dental Council might, by 
its decision, have called in question its own 
credibility as an objective and unbiased 


guardian of the high standards of the medical 
profession in South Africa, 
Yours faithfully, 


PuHitup V. Tosias 
Dean, Medical School, 
University of Witwatersrand, 
Johannesburg, S A 


Russian continues 


SIR, — May I, as Head of the Department of 
Russian and Soviet Studies at the University of 
Lancaster, be allowed to comment briefly on 
Vera Rich’s piece in the last issue of Nature 

(3 July). Her remarks concerning the diminish- 
ing provision for the study of Russian in 
Britain, in contrast to the proposed expansion 
in Finland, are entirely justifled. Her state- 
ment, however, suggesting there has been an 
“‘overnight decision to close down the Russlan 
Department of the University of Lancaster’ 1s 
incorrect and seriously misleading. 

As part of a broader policy document which 
purported to be a stra for the 1980s, a 
smali Vice-Chancellorial committee at 
Lancaster recently recommended the gradual 
phasing-out of five small academic 
departments, including Russian. The 
document was subjected to widespread and 
vociferous criticism throughout the University 
and was finally withdrawn at a meeting of the 
University Senate on 11 June. 

The department, therefore, still eusts and 
will continue to — with an increased 
undergraduate enrolment m 1980-81. 
Moreover, in addition to its full degree pro- 
gramme Of Russian history, politics, language 
and literary studies, and in the context of your 
article, ıt plans to mount a new elementary 
Russian course which will be 
available for scientists who wish to acquire a 
reading knowledge of Russian and hence gain 
access to a major ‘“‘medium of scientific 
communication”. 

Yours faithfully, 


. ALAN Woop 
University of Lancaster, UK 


Dioxin disclaimer 

Sir, — I wonder if you would be kind enough 
to allow me to comment on Alastair Hay’s 
article in Nature (6 March) which indirectly 
implies that I had some part in the non- 
publication of the-two investigations of 
Coalite workers. 

Firstly | was never involved in the treatment 
of te cases. Secondly, not only did I 
never suppression of the data, but I 
repeatedly urged its publication — 
unsuccessfully. 

It should be mentioned that the second and 
more far-reaching study to which Hay has 
referred was suggested to Coalite by the HSE 
since the first study was considered 
inadequate. | have never been shown the 
results of this second study by the company 
but obtained them by unofficial means. 

Yours faithfully, 
K.D. Crow 


Princess Margaret Hospital 
Swindon, UK 
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- Tectonics of the Northwest 
European Continental shelf 


from P.E. Kent 


BotH academic and industrial 
organisations are involved in exploration 
of continental shelves, but it is only inter- 
mittently that the large amount of data 
assembled by industry is made generally 
available. One of these occasions — five 
years from the previous major release! — 
took place at a conference held in London 
in February?, 

The conference in 1975 had been 
concerned mainly with the results of 
industrial exploration of the North Sea, at 
a time when drilling in the outer basins was 
just beginning. This year there was an 
increased input from other sources — 
notably regional compilations on the 
North Sea area by the Institute of 
Geological Sciences, and on the Norwegian 
offshore by the Norwegian Petroleum 
Directorate, while the oil companies added 
to North Sea data and described for the 
first time the structure and stratigraphy of 
the more westerly basins. 

In the North Sea itself the nature of the 
crystalline floor was described from cores 
and radioactive dating at fifty sites. There 
is, as previously deduced, continuity of 
continental crust across the North Sea with 
a degree of attenuation indicated by gravity 
measurements and with Caledonian 
metamorphics with granite intrusions 
extending as far south as a line from 
Dundee to Stavanger. The area between 
this line and the Welsh-Brabant massif is 
occupied by lightly tectonised sediments, 
which have locally yielded Lower 
Palaeozoic faunas. It was again 
emphasised that development of the North 
Sea basin began in the Upper Palaeozoic, 
and that the Mesozoic fault pattern 
frequently relates te Caledonian 
progenitors. 

Although the additions to North Sea 
data and detailed descriptions of 
additional fields are of considerable 
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importance, the main access of new 
knowledge is of the basins nearer the edge 
of the continental shelf, from the Barents 
Sea to the Bay of Biscay, outlined in the 
following paragraphs. 

The Norwegian Shelf, terminated 
seaward by the Faeroe-Shetland and 
Voring Plateau escarpments and extending 
to 68°N, is occupied by a series of basins 
partly separated by longitudinal and 
transverse faulted highs. In these basins 
sedimentary thicknesses exceed 12 
kilometres, often in highly asymmetrical 
trap door-type half-graben basins which 
ended their fault-development with the 
‘Late Cimmerian’ phase and which were 
essentially growth-fault controlled. 
Stratigraphic horizons have been partly 
dated in relation to those of the adjoining 
North Sea, and it is deduced that the 
greater part of the sedimentary sequence is 
Mesozoic, but that basinal development 
began in the Carboniferous. 

In contrast to the northern North Sea, 
but in line with other fault controlled 
Mesozoic basins, inversion took place 
during the Cretaceous. 

In the Barents Sea, more remote and also 
still undrilled, dating of horizons is less 
certain and depends on a combination of 
local dredgings, regional and stratigraphic 
trends (with Svalbard as a northerly control 
point) and deduction from world wide 
events. 

The area shows two sub-basins, each 
with large salt diapirs which originated 
below the presumed Permian and hence 
believed to be Devonian/Carboniferous. 
The existence of salt of this date, if 
substantiated by drilling, could have an 
important influence on our understanding 
of Permo-Triassic salt deposition. 

West of the Shetlands the notable 
feature has been discovery of a very large 
oilfield on the Rona Ridge. This has been 
credited with reserves in place of 3.5-4 
billion barrels (around 500 million tons), 
but itis a heavy oil which will present major 
problems in extraction. The reservoir is 
mainly of Carboniferous and Devonian 


sandstones capping the scarp of a large 
down-to-the-ocean fault which bounds the 
main Rockall basin. The adjoining trap- 
door type basin on the eastern side of the 
Rona ridge is too shallow to have generated 
significant amounts of hydrocarbons, and 
it has to be concladed that the source rocks 
for this very large field lie in the deep 
Rockall trough itself, an area consequently 
considered increasingly attractive for 
future exploration. 

The Northern Irish Sea, the site of 
discovery of a large gas field, is confirmed 
as essentially a Permo-Triassic basin 
analogous to the Cheshire Basin on land. 
An unexpected feature however is the 
discovery that it underwent inversion ~~ a 
process of relatively rapid uplift at the end 
of the Mesozoic, partly counteracting the 
long period of Permo-Triassic subsidence, 
a feature now recognised widely on this 
continental shelf. 

The Kish Bank Basin, a simple trapdoor 
subsidence lying off the Irish coast near 
Dublin, illustrates particularly well 
progressive basinal development from 
Upper Palaeozoic to Tertiary. The 
tectonised olcer Palaeozoic floor is 
followed by Carboniferous — possible 
Visean, then Westphalian B, C and D — 
Permian, Triassic and Jurassic (the latest 
formation surviving). The Carboniferous, 
Lower and Upper Triassic each thicken 
towards the $,000m down-throw boundary 
fault system, which developed as 
deposition continued and moved also in the 
post-Jurassic, finally in the Oligocene. 

In Cardigan Bay a very deep Mesozoic 
and Tertiary basin lies alongside the 
seaward continuation of the NE-SW Bala 
fault, which has a westerly downthrow of 
4,000 metres. The oldest beds identified are 
Upper Carboniferous; these are overlain 
by Permo-Triassic and Jurassic sediments 
which total 7,000 metres in the centre of the 
basin. Contrary to earlier expectation the 
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Cretaceous is absent, and the faulted 
earlier Mesozoic is directly overlain by 
Tertiary sediments. In line with the 
development of other Mesozoic basins on 
the continental shelf it could be presumed 
that movement of the bounding fault was 
syn-sedimentary, but the five deep bore- 
holes drilled in the basin were not 
sufficiently close to the fault to encounter 
marginal fans, if these exist. The 
Cretaceous may have been present and 
been eroded, perhaps a case of inversion of 
subsidence as in analogous basins 
elsewhere around Britain. 

The Celtic Sea Basin: The Celtic Sea 
conceals one of the larger basins of the 
continental shelf, extending 300 km south- 
wards from the Irish coast. Like the other 
basins of the region, the Celtic Sea basin 
has a long history, with late Palaeozoic 
rocks (Lower Permian) proved at depth. 
Basin development until the late Mesozoic 
was controlled by rift development. 
Undifferentiated continental Permo 
Triassic rocks and a largely complete 
Jurassic sequence ending with the Purbeck 
was followed by a thick development of 
strata in the Wealden facies (indicated as 
some 1,200 metres thick in the Kinsale 
Head field); the Wealden apparently 
extending through the Neocomian to early 
Albian — appreciably longer than in 
southern England. 

The Kinsale Head gas-bearing structure 
is an anticlinal feature produced by an 
inversion of the central part of the basin, a 
process which gently arched the later 
Wealden and overlying beds — a close 
analogy to the English Weald. 

The Fastnet Basin: The Fastnet Basin, an 
appendage of the Celtic Sea Basin 
extending southwestwards almost to the 
continental margin in Irish waters, is a 
fault-bounded subsidence, measuring 110 
km from NE to SW and 35-40 km across, 
which has been investigated by gravity, 
aeromagnetic and repeated seismic surveys 
followed by nine exploration wells, 
unfortunately without any economic 
discovery. The general structural style is 
analogous to that of most other basins on 
the continental shelf, with a thick packet of 
earlier Mesozoic rocks affected by strong 
faulting which died out before or during 
the Upper Cretaceous. An Upper 
Palaeozoic floor was reached in two wells 
which respectively identified Lower 
Carboniferous (Tournaisian) and 
Devonian, succeeded by a ‘normal’ 
continental Permo-Triassic development 
and a greatly expanded Lower Jurassic. 
Unconformable Cretaceous begins with a 
Wealden episode more limited in time than 
that of the Celtic Sea but similar in facies 
and age (Berriasian) to that of southern 
England. It is itself unconformably trans- 
gressed by ‘Greensand’, Chalk and 
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Tertiary sediments. 

The closely spaced faulting is 
dominantly extensional, down-to-basin, 
most faults being truncated by the 
Cretaceous unconformity, but others 
dying out in the Upper Cretaceous. The 
few which have large displacements in the 
Upper Cretaceous show evidence of throw 
reversal, this being associated with 
extensive basin inversion. The inversion 
process began in the Lower Cretaceous and 
resulted in attenuation of both that 
formation and the Chalk over the area 
where the Jurassic is thickest, the Chalk 
itself being absent over an area 20 x 10 km. 

The listric faulting developed during the 
Jurassic can be seen as extension in relation 
to the incipient Atlantic continental 
parting, but the development of strong 
basin inversion (normally characteristic of 
internal basins) might be taken to indicate 
that the limit of the continental crust lies at 
least tens of miles oceanward of the shelf 
break. 

The Bay of Biscay: The concept of the 
Cretaceous anti-clockwise rotation of the 
Iberian peninsula relative to the rest of 
Europe is widely accepted and the paper 
submitted to the 1980 Conference most 
usefully integrated this incident with the 
results of oil company exploration along 
the northern Spanish coast. The 
continental split took place centrally in a 
little-disturbed shelf covered by Triassic 
and Jurassic rocks. The preliminary 
stretching associated with the development 
of the oceanic wedge produced tension 
faulting and the consequent development 
of trapdoor subsidence, with greatly 
expanded Upper Jurassic and Lower 


Special sites in genetic 


from John Rosamond 


AT the end of the 1978 Cold Spring Harbor 
Symposium, Frank Stahl suggested that 
genetic recombination was ceasing to be 
simply a geneticists domain, and that the 
time was right for a more biochemical 
approach. A number of people seem to 
have taken notice of this since considerable 
effort is being expended on the in vitro 
formation and analysis of intermediates in 
recombination. Of particular interest is the 
work of Stahl himself, and his 
collaborators at the University of Oregon, 
on the nature of special sites for genetic 
recombination. Their recent work suggests 
that such sites may be structurally complex 
(Cell, 19, 785; 1980) and of fundamental 
importance in recombination. 

Generalised recombination involves the 
exchange of genetic information between 
homologous chromosomes, and it used to 
be thought that the frequency with which 
recombination occurred was equal 
throughout all regions of homology. That 
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Cretaceous sedimentation in the marginal 7 
km deep Spanish Trough in the south and 
in the shallower Armorican Trough to the 
north of the incipient parting. On the new 
evidence the split radiates not from Biarritz 
but 120 km further north in the Parentis 
basin. The Spanish Trough suffered strong 
compression in association with the 
Pyrennean orogeny (Upper Eocene) and 
has by some been regarded as the foredeep 
of a subduction zone, but if the 
stratigraphical datings given in this paper 
are confirmed the sedimentary 
accumulation long predated this 
compressional phase. 

In summary, the basins on the 
Northwest European Continental Shelf 
lying north of the Hercynian orogenic belt 
are known in the majority of cases to havea 
history extending back to Carboniferous or 
Devonian, with the main subsidence taking 
place during the Permo-Triassic and 
Jurassic. Throughout this period the stress 
system seems to have been consistent and 
to have been relieved by tensional, often 
listric, faulting which may well be 
symptomatic of thinning of the underlying 
crust by a process of plastic stretching. This 
long taphrogenic period ended with the 
inception of Upper Cretaceous and 
Tertiary simple muiogeosynclinal 
subsidence — a process which was however 
interrupted in a majority of the basins by 
an episode of inversion of the former 
downwarp. In some cases this inversion 
may be related to a shortlived change in 
shear stresses but it was apparently not 
limited to subsidences produced by 
Mesozoic faulting and is not yet mally 
understood. O O fýġğ üü 


recombination 


this expectation is not always met was first 
shown by genetic studies of recombination 
in fungi'. The frequency of exchange was 
higher in some regions of homology than 
others, implying the presence of special 
sites (hotspots) in the genome which 
influence the frequency of recombination 
in that region. More recently, Stahl and his 
collaborators have been examining similar 
sites which promote recombination in 
bacteriophage A. Their studies on these 
sites, termed Chi, not only have provided 
interesting information on the mechanism 
of genetic recombination at the molecular 
level, but also suggest that the involvement 
of special sites, such as Chi, in genetic 
recombination may be more widespread 
than was originally envisaged. 

Chi sites are not present in wild-type 
bacteriophage A, but are found as 
mutations that arise in response to selective 
pressure on a specific part of the A life 
cycle. After infecting Escherichia coli, the 
A genome circularises and replicates, 
initially by a Cairns-type ‘theta’ 
mechanism, to produce a pool of 
monomeric circular molecules, before 
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switching to the ‘rolling circle’ mode of 
replication. Most progeny chromosomes 
are derived from the concatamers 
produced in this way, since the monomeric 
circular molecules are not a substrate for 
encapsidation, Transition from ‘theta’ to 
‘rolling circle’ replication is facilitated by 
two A genes, red* and gamt; the red* 
gene product promotes replication by 
creating replication forks, while the gam * 
gene product inhibits a host nuclease which 
would otherwise prevent rolling circle 
replication. (This nuclease, exonuclease V, 
is the product of the recB and recC genes 
and is involved in a bacterial 
recombination pathway). 

Consequently, when phage that are 
defective in these genes (A red gam) are 
grown on recBC* bacteria, rolling-circle 
replication is prevented, and in order to 
organise the DNA into a form that can 
serve as a substrate for encapsidation, the 
monomer genomes.must be recombined to 
form dimeric molecules. A red~ gam™ 
phage do this relatively inefficiently, 
thereby producing small numbers of 
progeny phage and therefore small 
plaques. 

In these circumstances, there are obvious 
advantages to be gained by increasing the 
efficiency with which the host 


recombination system is being used. 
Consequently, when A red” gam” phage 
are repeatedly grown onarecBC * host, the 
small-plaque forming phage are eventually 
overgrown by mutants with a large plaque 
phenotype’. This is the Chi* 


phenotype, 





100 years ago 


A sad balloon accident has taken place at Le 
Mans, and may be referred to as illustrating 
some useful facts relating to aéronautics. A 
man named Petit had ascended with two 
balloons connected by a long rope. The 
smaller, which was placed above, carried his 
son, almost a boy; Petit being in the larger 
with his wife. There was not much wind, and 
this foolish experiment would have ended 
without accident if Petit had not forgotten to 
loosen the neck of the balloon, so that no 
escape was left for the gas which was 
gradually expanding. When the balloon 
arrived at an altitude of 400 to 500 metres it 
burst in the vicinity of the ‘equator, and 
descended with great velocity, dragging the 
smaller balloon. Petit, who was devoid of 
any scientific knowledge, supposed his son 
was in danger, and with true heroism he cut 
the rope connecting the two balloons when at 
250 to 300 metres from the ground. He 
placed his wife on the ring and remained 
himself in the car. The shock was so terrible 
that his spinal cord was broken, and he died 


which arises. after mutation in one of at 
least four loci dispersed throughout the A 
genome. It was suggested that these 
mutations (y*) increased the yield of 
progeny phage by accelerating the rate 
limiting step in the recombination pathway 
being used to form the dimeric precursors 
of mature phage DNA; it is the nature and 
properties of these y* mutations that 
Stahl and co-workers have been 
investigating. 

The presence of a y* mutation in the A 
genome increases the frequency of 
recombination near the mutation by about 
10-fold. This stimulation decreases with 
distance, but can still be detected up to 
2x 10% base pairs away from Chi. There are 
four recombination pathways open to A, 
and, in principle, Chi* might have 
enhanced recombination mediated by any 
or all of these. It transpired, though, that 
the action of Chi* is specific to the major 
bacterial recombination system, the so- 
called recBC pathway, which required the 


product of the recA gene as well as those of. 


recB and recC*. This discovery led to the 


‘suggestion that Chi sites occurred in the £. 


coli genome as well as in A, and functioned 
in bacterial recombination. Indeed it was 
found that A red gam™ which include the 
E. coli bio operon behaved as though they 
carried a Chi* site, since they made large 
plaques on recB* hosts*. This property was 
not peculiar to the bio operon though, 
since by cleaving E. coli DNA with EcoRI 
and inserting random fragments into the A 
genome, Malone et al. estimated that Chi 





hotspots were present naturally in the E. 


colichromosome at a density of 1-2 per 10° 
base pairs. Similar experiments, in which 
EcoRI fragments of DNA from 
Saccharomyces cerevisiae were inserted 
into A, showed that yeast DNA also carries 
Chi sites® . 

Meanwhile, the phenotype of the x 
mutations in A had been investigated in 
more detail and it was found that the 
enhancement of recombination due to 
Chi* was asymmetric (Mol. Gen. Genet. 
140, 29; 1975). Thus, y °C inthe A c// gene 
stimulated recombination to a greater 
extent in the J-N region to the left of y C 
than it did in the P-R region fo the right, 
although y*C was closer to the P-R 
interval. This leftward bias of Chi * activity 
was common no! only to all the Chi’ sites 
arising by mutation in A, but also to all the 
naturally occurring Chi * sites found on the 
EcoRI fragments of E. coli DNA®.. 

Of the several possibilities for this 
directional bias of Chi activity, two are 
most likely; either Chi could itself be an 
asymmetric sequence, in which case the 
directionality of Chi’ activity will be 
dependent on the orientation of the 
sequence, or else the directionality could be 
imposed by some aspect of phage A biology. 
If the directional bias were due solely to the 
Orientation of the Chi elements, then 
artificially reversing the Chi sequence 
should lead to a reversal of the directional 
bias. Experiments to test this were done by 
excising chi * -carrying EcoRI fragments of 
E. coli DNA from à red” gam” phage and 
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on the following day. His wife was very 
badly hurt, and though in danger, is alive. If 
Petit had not cut the rope by an act of 
unintelhgent devotion he would very likely 
have escaped, and his son would not even 
have touched the ground. 


Through the kindness of General Myer we 
have received some further details 
concerning the extraordinary memory 
credited to the man in charge of the hat room 
at the Fifth Avenue Hotel, New York, 
referred to in Nature, vol. xxi. p. 562. He is 
an Irish-American about thirty years of age, 
Gilmartin by name, and has occupied his 
present position about a year. His sole duty 
consists in looking after hats during meal 
hours. The fact of his possessing a 
remarkable memory is indisputable, but still 
he is not looked upon as a prodigy by the 
hotel officials. They state that a Tommy 
Hart, now dead, who figured conspicuously 
in the ‘‘Stoke trial,” was for a long time in 
charge of their hat-room, and was this man’s 
superior as regards memory, and cited other 
instances of men now employed in different 
hotels throughout the country whom they 
consider his equals. It is very evident, 
however, that he possesses a wonderful 
talent for selecting the right hats, and 
inistakes are rare with him. 


An occurrence, which may be partially or 
wholly attributable to the earthquake which 
Switzerland has recently undergone, is 
reported by the Times Geneva 
correspondent from Quarten, in the canton 
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neighbourhood noticed signs of uneasiness 
about the Schnebelberg. The summit of the 
mountain appeared to be in a very precarious 
position, and it was feared that it might slip 
down and overwhelm the Schnebelwald. an 
extensive wood in the valley below. In 
anticipation of a possible catastrophe, great 
efforts were made to cut down and carry 
away as many trees as possible, though the 
men engaged in the work wrought at the peril 
of their lives. On Sunday fortnight, when 
fortunately there was nobody in the wood, a | 
deafening report, like the firing of heavy 
artillery, resounded through the valley, and 
the mountain was hidden from view by a 
thick cloud of Gust. When it dispersed, the 
Schnebelberg was seen to be shorter by a few 
metres, and the beatiful wood in the 
Murgthal has disappeared beneath a huge 
avalanche of stones and earth, 


of St. Gall. A short time ago the people of the | 


News from the Azores states that a 
disturbance of the earth has occurred in the 
island of St. George, resulting in the 
formation of another small island of about 
18,000 square vards, and distan? 600 vards 
from the shore. 


itis stated that Col. Prjevalsky and his party 
are prisoners im the hands of the Chinese, 
who, it will be remembered, prevented him 
from proceeding to Lhassa, 
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re-inserting them in the opposite 
orientation’. After inversion, some 
fragments that had been Chi* become 
Chi” and some Chi” became Chi*, while 
Others showed no change in their 
phenotype. In all cases, though, the Chi* 
phenotype showed the original leftward 
bias in stimulation of recombination. 
Clearly, reversing the Chi element does not 
lead to a reversal of the directional bias, 
which implies that some aspect of this bias 
is a property of A and not of Chi. 
Nonetheless, the fact that the Chit 
phenotype is orientation dependent 
suggests that the Chi sites themselves are 
asymmetric nucleotide sequences. 

Direct proof of this has come from the 
work of Gerry Smith and colleagues at 
Oregon*®’. They found the nucleotide 
sequence around the y* mutation in A cH 
(x ~ C) was strikingly devoid of any unusual 
structural features, such as obvious 
symmetrical regions, though they were 
unable, having determined the sequence of 
a single y * locus, to deduce the boundaries 
of the Chi site. 

More recently, they have sequenced a 
second Chi site in A (yt B, lying between 
xis and redA); comparison of this sequence 
with y*C sequence reveals a surprising 
extent of homology’®. Within a region of 
30 base pairs, there are 23 base pairs 
common to both sequences. The largest 
uninterrupted common sequence is 9 base 
pairs, with another common sequence of 6 
base pairs to its left. Not only is the 
sequence asymmetric, but it may be that 
the nucleotide sequence of Chi sites is 
hyphenated, with regions of random base 
sequence separating specific nucleotide 
sequences. Such nucleotide sequences are 
found at the recognition sites of the Type I 
restriction endonucleases, and here too the 
asymmetry of the recognition site is 
reflected in the asymmetry of the 
restriction enzyme activity''. Again, 
though, the extent of the common 
sequence essential for the Chi* phenotype 
cannot be identified; this will require the 
determination of the nucleotide sequence 
both of other Chi sites, particularly the 
chi* loci that occur naturally in £. coli, and 
of chi” revertants. Given the frequency 
with which Chi sites occur in the E. coli 
genome, if subsequent work shows them to 
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have a complex, hyphenated sequence, this 
finding would argue both for a strong 
selective pressure for the maintenance of 
these sites and for their having a funda- 
mentally important function. At present, 
although we know that Chi sites in Æ. coli 
DNA are capable of stimulating recombin- 
ation when introduced into the A genome, 
evidence that these sites perform a similar 
function in situ is circumstantial, at best. 
Another major consideration is the 
mechanism by which Chi acts and the 
implications of that mechanism (be it 
confined to 4, or of more widespread 
application). Since, as noted above, we 
know that the stimulation of recombin- 
ation by Chi* is specific for the so-called 
recBC pathway, the underlying 
assumption is that Chi* is recognised by a 
protein, so as to accelerate a rate-limiting 
step in the recombination process. The 
recBC pathway requires the activity of 
proteins coded by the recA, recB and recC 
genes (and possibly the /exC gene product 
as well); it remains possible that other, as 
yet unidentified, proteins are involved. We 
now think that the recA protein is involved 
in one or more of the early events in recom- 
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bination, and probably promotes the 
formation of heteroduplex molecules!?, 
We are less certain when (or how) recBC 
protein acts, although there is genetic 
evidence to suggest that it is involved late in 
recombination, perhaps in the resolution 
of heteroduplex DNA to form 
recombinant molecules!?. Since it is 
thought that Chi also acts late in the recBC 
pathway'? it seems more likely that the Chi 
nucleotide sequence is recognised by the 
recBC gene product than by the recA gene 
product. Disappointingly, efforts to show 
a specific interaction between Chi* 
sequences and the recBC enzyme have been 
unsuccessful, although the problem is 
complicated by the diversity of the 
activities and mechanisms of the recBC 
enzyme!*)5, 

Nonetheless, Stahl has offered a 
working hypothesis to describe the 
mechanism of Chi-stimulated recombin- 
ation in phage A, a component of which is 
that Chi is a specific site for the nucleolytic 
activity of the recBC enzyme'®. Whether 
this idea is correct, and what its application 
might be to genetic recombination in other 
organisms, remains to be determined. © 


The structure of zeolites 


Jrom L. V.C. Rees 


ZEOLITES are silicates of sodium, 
potassium or calcium. There are two 
varieties of zeolites, with three dimensional 
cage-like lattice or open channel structure 
that allow zeolites to be used as ‘molecular 
sieves’. The high-resolution electron 
microscope pictures of zeolites described in 
the previous issue of Nature (286, 111; 
1980) were first revealed when a few early 
results were shown at two recent 
meetings.* The excitement they caused 
there undoubtedly arose from the ability of 
zeolite chemists to actually see the windows 
in the aluminosilicate crystals and not to be 
entirely dependent on the subjective 
interpretations of X-ray crystallographers. 

Some of the most heated discussions 
took place among the small group of X-ray 
crystallographers who argued about the 
existence or otherwise of zero-coordinated 
cations in some zeolite structures and 
about the quality of the data presented by 
the respective X-ray groups*. The lack of 
large single crystals of zeolites was also 
bemoaned. It is, therefore, somewhat 
refreshing to actually observe the unit cells 
in these high-resolution microscope 
photographs and to find that Thomas and 
colleagues had to grind the 10-50 um 
crystals down to smaller dimensions before 
they could be studied in the microscope! 
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Not only can one now observe the 
apertures in these structures but we should 
be able to see the cations sitting in these 
windows when the resolution of the 
microscope is improved to 2.4A and when 
zeolites which are known to contain cations 
in the apertures after dehydration are 
studied (for example, potassium form 
zeolite A). 

High-resolution electron microscopy 
should also be of great help to zeolite 
chemists. Zeolites, when used as catalysts 
by the petroleum industry for the cracking 
of hydrocarbons, require to be frequently 
decoked at high temperatures. Much effort 
has gone therefore, in producing zeolites 
which are more thermally stable. The rates 
of vitrification in the electron beam 
described in the Nature paper by Bursill e¢ 
al. should, hopefully, provide information 
on some of the factors which affect the 
thermal stability of zeolites. A method of 
treating zeolite Y to produce thermally, 
ultra-stable zeolite Y has been developed?. 
In this treatment aluminium ions are 
removed from the framework and 
deposited in the zeolite channels as 
hydroxoaluminium cations. Much doubt 
still exists as to the exact nature of these 
aluminium products and on the effect of 
the loss of the framework aluminium on 





*The British Zeolite Association met in Thornaby-on-Tees, 
12-13 April, 1980 and che Fifth International Zeolite Meeting 
was held in Naples, 2-6 June, 1980, 
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the crystallinity of the zeolite. High- 
resolution electron microscopy could 
‘possibly observe these hydroxoaluminium 
cations and, along with electron 
diffraction, the structure of the resulting 
framework could be ascertained. 
Bifunctional zeolite catalysts are widely 
used for hydrogenation-dehydrogenation 
reactions. These catalysts contain the usual 
Bronsted and Lewis acid sites necessary to 
produce carbonium ions but also contain 
atomic platinum or other metallic dements 
in the zeolitic cavities. These metal atoms 
‘often diffuse from the cavities and 
aggregate on the surface of the zeolite 
crystals and the catalyst loses much of its 
effectiveness. High-resolution electron 
microscopy would be a useful tool to 
ascertain the factors affecting this 
aggregation process, provided the 
specimens display sufficient beam stability 
for adequate imaging to be performed. 
* Natural mordenites and synthetic 
mordenites are found to give the same 
X-ray diffraction patterns. From these 
X-ray studies the structure of mordenite 
‘has been determined. This zeolite has a 


main elliptical channel, running parallel — 


with the c axis of dimensions 0.67 x 
0.70nm. Natural mordenite, referred to as 


small “port mordenite, has ah. éffective 
diameter of channel of ~ 0.4.nm while 
synthetic mordenite, called large-port 
mordenite has channels consistent with the 
proposed structure. 

The absorbate molecules which can enter 
the natural mordenite channels are much 
smaller than the molecular:which can be 
adsorbed in the synthetic mordenites. It 
has been suggested that a few fault planes 
in the natural mordenites would produce 
these results in this zeolite with a one- 
directional channel system. However 
doubts stil] remain as to the exact reason 
for this difference and it would be 
interesting to look at these two different 
forms using high-resolution electron 
The paper of Bursill ef al. presents 
evidence’ of Si*+/Al>*+ ordering. This is 
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Epidermal growth factor and mitogenesis 


from Colin R. Hopkins 


For exploring the interactions of . 


hormones with their target cells epidermal 
growth factor (EGF) is an extraordinarily 
versatile probe. It can be loaded with 
radioactive, fluorescent, photoaffinity and 
even particulate labels without loosing its 
ability to find and follow its receptor. 
Because, in addition, it provokes a 
mitogenic response in the most widely used 
fibroblast cell lines EGF is currently the 
favourite of all labelled igands. 

The receptors for labelled EGF on cells 
cultured in low serum are of one class and 
randomly distributed'*. On binding the 
peptide, the receptors aggregate and are 
then taken into the cell by endocytosis. The 
number and size of the receptor aggregates 
and the pattern of redistribution varies 
considerably in different systems and it is 
not yet clear if this is due to differences in 
the various kinds of EGE probe or to real 
differences in cell surface behaviour. 
Certainly the relationship between the 
degree of receptor occupation, the rate of 
receptor internalization and the strength of 
mitogenic stimulus is very complex. Thus, 
although only one class of EGF receptors 
appears to exist on most cells’? several 
studies ‘have shown that only a small 





Cotia R. Hopkins is Professor of Cell Biology at 
the University of Lrverpool. 4 ai 


proportion of the total population needs to 
be occupied for the maximum mitogenic 
response to be generated’, At low 
concentrations of peptide -the rate of 
receptor internalization correlates’ well 
with mitogenic potency, but at higher 
concentrations internalization continues to 
increase proportionally. put mitogenicity is 
much reduced!®. 

Clathrin-coated pits, whieh play such a 
prominent role in low density lipo-protein 
uptake!!, play an important? and even 
exclusive!? role in internalization of EGF in 
some cells whereas in others uncoated pits 
seem to predominate. If coat components 
are found to play a part in either receptor 
attachment’*, or intracellular routing, 
then the differences may be functionally 
very important, perhaps relating to the 
selection of alternative intracellular 
destinations. 

Ferritin-tagged EGF : ‘allows the 
identification of receptor complexes by 
electron microscopy’*. After uptake, the 
complexes remain associated with -the 
limiting ‘membrane of the endocytosed 
vesicle until it becomes transformed into a 
multivescular body (MVB). The MVB 
forms when receptor-rich vesicles are 
pinched off from the limiting membrane of 
the vesicle into its internum. Within about 
30 minutes the receptor-bearing vesicles 
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another -fascinating result of their studies. 
In a recent ‘‘Workshop on the Adsorption 
of Hydrocarbons in Zeolites” held in 
Berlin, Aldershaft from 19-22 November, 

1979 Engelhardt et al. presented exciting 
results obtained by high resolution, magic- 

angle Si n.m.r. which suggested that in a 
zeolite A which had an exact 1:1 ratio of 
Si:Al the majority of the Si ions in the 
framework were bonded through oxygens 
to three Al and one Si ions. Thus some Al- 
O-Al bonding must exist in this zeolite and 
Loewenstein’s rule is not obeyed. Other 
confirmation of these findings can be found 
in the literature, for example four of the 


: X-ray reflections in the paper by Pluth and 


Smith‘ do not comply with the Fm3c space- 
group proposed by these authors but are 
consistent with the Fm3 space-group which 
would exist if Si/Al ordering occurred in 
their zeolite A sample’. 

In the past many chemical] analyses of 
zeolite A have found excess Al to be present 
in the material. To abide by Loewenstein’s 


-rule Barrer and Meler proposed ® that some 


NaAlO, was occluded in the sodalite cages. 
However these new results suggest that this 
conclusion may not be necessary and we 
await further studies with great 
anticipation. O 


disappear and the MYB transforms into a 
secondary lysosome containing free 
ferritin particles. This scheme neatly 
accounts for the earlier work of Das and 
Fox? who showed that the complete 
membrane bound EGF-receptor complex, 
and not just the EGF peptide, is degraded 
in the lysosome. 

- As the path of the EGF-receptor 
complex has been followed as far 
as the point of degradation, the crucial 
question is which step gives rise to the 
second messenger(s) responsible for 
mitogenesis. Is there a membrane based 
receptor-transducer mechanism acting 
near the beginning of the pathway, or is 
there a lysosomal ‘activation mechanism’ 
generating active fragments (cf Diptheria 
toxin'’) acting near the end? Chemical 
modulations of the EGF-induced 
mitogenic response may help to choose 


- between these alternatives although the 


most intriguing effects are induced by agents 
like amine compounds and colchicine, 
which have ill defined sites of action. 
Among the more specific effects of these 
early stage modulators of EGF 
mitogenicity are those induced by phorbol 
esters'®.!9 and glucocorticoids®, which 
have been shown to alter the affinity of 
EGF receptors, and retinoids, which 
selectively increase the number of EGF 
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receptors available*!. The importance of 
receptor aggregation has been indicated by 
the finding that cyanogen bromide-treated 
EGF which binds, but is poorly mitogenic, 
can be made considerably more potent 
when crosslinked with EGF antibody”. 
Here, the most straightforward 
interpretation — that potency is related to 
the number of occupied receptors able to 
aggregate and internalize — holds. 

The effects of methylamine and 
colchicine, both of which enhance the 
potency of EGF without affecting the 
initial EGF-receptor interaction??.*4 are 
open to several interpretations. 
Methylamine seems capable of acting at 
two sites at least, since it has been shown to 
prevent the patching of rhodamine- 
labelled EGF (and prevent clustering into 
coated pits)*> as well as reducing the rate at 
which EGF is degraded*®*’. Studies using 
ferritin-labelled EGF show that 
concentrations of methylamine (10-30mM) 
which prevent visible patching of the 
fluorescent label allow some 
internalization of the EGF-receptor 
complex to occur!®. It cannot be 
concluded, therefore, that the increase in 
EGF mitogenicity caused by methylamine 
is due solely to the prevention of 
internalization. 

Ammonium compounds and amines 
have been shown to reduce EGF 
degradation so the potentiation of the 
mitogenic response seen with methylamine 
may be partly due to its action at the 
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lysosomal level. The possibility that this is 

mediated by the inhibition of lysosomal 
hydrolase? has been removed by a study?” 
in which leupeptin, the specific cathepsin B 
inhibitor, was used to inhibit EGF 
breakdown. While leupeptin retarded 
degradation so that EGF accumulated 
intracellulariy the mitogenic response still 
correlated with the concentration of 
peptide in the medium. The effect of 
methylamine must, therefore, occur before 
the breakdown of the EGF-receptor 
complex. As an effect of amines is to 
reduce the formation of receptor-bearing 
vesicles within the MVB,'® the vesiculation 
of receptor-rich membrane, either at the 
prelysosome stage, or at the plasma 
membrane seems a likely site for amine 
action. 

A general mechanism, proposed by 
Maxfield*> and Davies, *° whereby receptor 
aggregation induced by monovalent 
ligands may be inhibited by agents 
interfering with transglutaminase, an 
enzyme capable of cross-linking adjacent 
glutamyl and lysyl residues, may explain 
the effects of methylamine. Methylamine is 
a strong inhibitor of transglutaminase at 
concentrations which inhibit patching of 
rhodamine labelled EGF” and as it readily 


The fenlands 


from Peter Moore 


THE fenlands of East Anglia have long 
provided a source of energy, in the form of 
peat, and a rich agricultural resource for the 
inhabitants of the area. Darby (Medieval 
Fenland, Cambridge University Press; 
1940) collated much information con- 
cerning the exploitation of these lands and 
shows that as early as the 13th century peat 
was being cut for fuel in the fens. Drainage 
of the fens for agricultural development 
first became extensive in the 17th century, 
but it was not until the mid 19th century 
that the immense engineering problems 
involved in drainage were efficiently 
tackled. The installation of pumping 
machinery at that time led to permanent 
lowering of water tables and the full agric- 
ultural potential of the fens could be 
realized. 

One consequence of drainage, which is 
evident even by casual observation, is the 
lowering of the land surface which has 
resulted from ‘peat wastage’. Much of 
fenland now lies between -1.5 and -2.5m 
below Ordnance Datum, which means that 
the maintenance of low water tables in the 
soils requires the pumping of water into 
elevated drainage channels and rivers on its 
way to the sea. Despite the obvious nature 
of this development, however, there are no 
precise records of the rate of fallin the land 
surface, nor of the influence of various 
land use practices upon this rate. 
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penetrates cell membranes, it may act in a 
similar way at intracellular sites too. 

These recent studies clearly show that the 
intact EGF-receptor complex is responsible 
for transmitting the mitogenic signal. The 
site of transduction is unclear, but the 
correlation between a reduction in the rate 
of degradation and enhanced potency 
suggests that the dismantling of the EGF- 
receptor complex and the termination of 
transduction are closely linked“. 

The role of endocytosis in the processing 
of the EGF-receptor complex remains 
unsolved. For the full mitogenic potency of 
EGF to be expressed, there is growing 
evidence that the target cell must be 
exposed to the peptide for periods of 
several hours! t0223 and thus the rapid rate 
at which receptor complexes are dispatched 
from the surface is particularly difficult to 
understand. All options must remain open, 
since at the present time there is no 
compelling reason why internalization 
should be regarded as an integral part of 
the transduction mechanism. Indeed, the 
possibility that signalling by the EGF 
receptor complex begins with aggregation 
on the cell surface and then continues 
throughout the lifetime of the complex is 
clearly worthy of serious consideration. ©) 


The process of peat wastage has resulted 
from the gradual oxidation of surface 
layers as microbial activity has been 
stimulated by the lowering of soil water 
tables and the consequent removal of 
anoxic conditions. In addition, the peat has 
contracted in its structure as a result of 
drying and some has been lost by wind 
erosion, combustion and removal by man. 
Land use practices will have played an 
important part in influencing the rate of 
these processes. 

Around 1848 (the precise date not cer- 
tain) a cast iron post was sunk through the 
peat and embedded on wooden piles in the 
underlying clay at Holme Fen, 10 km south 
of Peterborough, and the history of this 
post has been the subject of research by 
Hutchinson (J. Ecol. 68, 229; 1980), him- 
self a civil engineer. When first established, 
the top of the post was flush with the peat 
surface and since that time many scattered 
observations and measurements have been 
conducted upon its progressive protrusion 
as the land surface fell. Hutchinson has 
collated these data and related them to 
records of the installation of new pumping 
machinery at various times and to 
variations in land use in the area. 

The first drainage resulted from the 
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construction of a channel in 1850. Within 
eight years, this gravity drainage system 
had produced a fall in the peat surface of 
almost 2m. A suction pump was then 
added, resulting in a further 0.7m fall over 
the next 20 years. This pumping was 
accompanied by the development of arable 
agriculture, which may have accelerated 
the surface lowering. A second pump, 
introduced in. 1877 resulted in another 
rapid fallofa further 0. 5m over the next ten 
years. 

Agricultural depression then led to the 
abandonment of cereal growing over the 
site and the area was left as rough grazing 
and scrub game cover. No further lowering 
appears to have taken place until a further 
pump was introduced in 1920, but by this 
time a birch woodland had developed and, 
despite yet another pump being added in 
1962, the total surface fall over the past 
century has been only about 0.7m. 

The overall conclusions, therefore, are 


Cometary science 

from M.K. Wallis 

OBSERVATIONS of comets in the ultraviolet 
spectral region show great promise 
because most major components of the 
cometary coma (atmosphere) can be 
covered, instead of only dust and minor 
radicals such as CN and C}. 

Early in 1970, the first UV observations 
revealed huge atomic hydrogen comas, 
15x 10° km diameter in comet Bennett, 
fluorescing in H Lya (1,216 A). During the 
same period, observations at 1,304 A and 
3,085 A showed that comas of atomic 
oxygen and the hydroxyl radical, though 
less extensive, were of comparable density. 
The relative proportions suggested H,O as 
the unobserved parent molecule — and was 
seen as confirming the Whipple hypothesis 
of comets being ‘dirty’ ice conglomerates. 

Comet Bradfield discovered last Christ- 
mas day, just after perihelion at 0.7 AU, is 
favourably placed for observation from 
the International Ultraviolet Explorer 
(LUE) satellite: Feldman et al. (Nature 286, 
132; 1980) have reported the first of a very 
promising series of results. Optically the 
comet appears small and unexciting, 
containing little dust and hardly a trace of 
an ion tail. But in the UV, it is remarkably 
similar to the two others, Comets West and 
Seargent, observed in this range 
(1,200-3,200 A) where H, O, CO, C, S, 
CS, OH, CO +, CO, + are identified. A high 
resolution scan of the OH (O, O) band is 
shown, the relative intensities of the 
components implying that the excitation is 
simply resonant fluorescent. Doubtless, a 
future detailed study will reveal some 


departure from purely resonant equili- 
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that the greater part of the fall in surface 
level occurred immediately after the intro- 
duction of drainage and can be accounted 
for simply on the basis of peat contraction 
as it dried, rather than by any loss of 
organic material. In the later stages of 
drainage, however, lowering was more 
gradual and was less closely related to im- 
proved drainage; here oxidation may have 
begun to assume the major role. 

Of particular interest is the relationship 
between land use and shrinkage under con- 
stant drainage processes. The replacement 
of arable by pastoral farming resulted ina 
considerable deceleration of wastage. On 
the basis of this observation, Hutchinson 
questions the wisdom of the current 
emphasis upon arable farming in the fen- 
lands. The conservation of these organic 
soils could, he claims, be more effectively 
achieved by keeping water extraction to the 
minimum acceptable level and by changing 


the agricultural emphasis to pasture. s 


brium, due to collisional disturbances of 
the populations as discovered in pioneering 
Liège studies of CN and CH bands 
(reviewed by Arpigny in The Study of 
Comets NASA SP-393, 797; 1976). Such 
investigations are delicate, requiring 
allowance for doppler shifts across a solar 
spectrum of high resolution. But with 
appropriate modelling they can give 
parameters hardly accessible except by a 
cometary space-probe, namely, the OH 
expansion velocity and density tem- 
perature of the colliding agents (H and e). 

For inferring the rate of sublimation of 
H,O from Comet Bradfield, there are some 
uncertainties, particularly those due 
to the expansion velocities of different 
components. Past authors have assumed 
different values and generally normalized 
on H rather than OH (Keller & Lillie, Astr. 
Astrophys. 62, 143, 1978). After 
adjustment, the result for the new comet 
comes surprisingly similar to previous 
comets — less H,O by a factor of 2-4, and 
only three times less than Comet Tago- 
Sato-Kosaka, a much more active and 
typically impressive comet. Given that 
outgassing from a single icy nucleus should 
vary as the surface area, it’s rather 
suspicious that now five comets, adjusted 
to the same heliocentric distance, should 
have such similar rates of loss of H,O. 

The velocity of expansion of the inferred 
H,O is unknown but taken by Feldman er 





M. K. Wallis is in the Department of Applied 
Mathematics and Astronomy, University 
College, Cardiff. 
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al, as 0.5 or 1.0 km s~!. Though uncertain, 
it’s clear the velocity is well above the 0.25 
km s“! corresponding to ice subliming 
into vacuum at about 200 K. Arpigny’s 
spectroscopic studies of CH confirm 
enhanced velocities (0.7-1.3 km s`) and 
also show that the temperature of the 
colliding agent is several hundred K. 
Clearly, cometary comas do not expand 
adiabatically into space, but are heated 
probably by the kinetic energy of 
fragments from chemical dissociation, 
such as photo-dissociation of H,O 
releasing 2 eV per molecule (Shul’man 
Dinamika kometnikh atmosfer 33.3, 
Kiev, 1972; Wallis, Mon. Not. R. astr, Soe. 
166, 181; 1974). This heat source more than 
compensates for adiabatic cooling and 
energy loss through rotational excitations 
of H,O and other molecules in the bulk of the 
coma (Shimizu Astrophys. Space Sci, 46, 
149; 1976). The chemical energy would go 
primarily to H-atoms, being the light 
dissociation fragment. Its transfer to the 
heavier molecules, such as OH and H,O is 
effected through collisions. Larger comets 
with larger collisional zones would have 
higher expansion velocities — if allowed 
for, this effect would increase the 
surprisingly narrow spread in derived 
outgassing rates. 

Because the apertures of the IUE 
spectrographs were relatively small 
(4.5x9x 10? km at the comet), the 
variation in intensity of the intense {O, O) 
band of OH out through the coma could be 
followed. Assuming velocities and 
transformation rates for the parent H,O 
and the OH then allows deduction of the 
absolute production rates. For simplicity 
Feldman ef al. use the Haser-Mokhnach 
model describing the transformation under 
steady radial expansion, but take the OH to 
have the 1.15 km s~! velocity from photo- 
dissociation which should of course be 
isotropic in the local expansion frame. Al 
large radial distances this simplification is 
acceptable (Wallis in Cometfary Missions 
Remeis-Sternwarte Bamberg 12 (132), 97; 
1979) but its use in the region of OH 
production (3-10 x 10* km) means the 
result is rather uncertain. Unfortunately, 





as the H Lya coma is optically thick inthe > — 


central region, no comparable rate from 
the H production is derived. The only 
comet for which simultaneous H and OH 
results are available over an extended 
period is Comet Tago-Sato-Kosaka (Keller 
and Lillie Astr. Astrophys. 62, 143, 1978). 
The aperture used there was much larger 
(2x 10° km at the comet) and the 26 
observations show two notable characteris- 
tics: the deived OH production dropped 
twice as fast as H during the first three days 
(comet moving from 0.78-0.84 Au) and 
the ratio of OH:H production over most of 
the observation period was 0.3 rather than 
the 0.5 expected if H,O was dominant. As 
the authors commented, the uncertainty of 
the ratio is large, so future comparative 
results from Comet Bradfield will be of 
great interest. 
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Delsemme and Combi (Astrophys. J. 228, 
330, 1979) also suggested recently on the 
basis of their comet Bennett optical obser- 
vations of the ‘forbidden’ oxygen tran- 
sition [O I] 6,300 A, that most of it cannot 
arise from H,O or OH — perhaps photo- 
dissociating CO, produces the excited 
atoms O('D), but dissociative recom- 
bination of CO* could be an alternative 
source. However, CO* is found to be very 
weak in comet Bradfield’s UV and optical 
spectra. Comet Bradfield’s ‘trans-auroral’ 
line [O I} 2,972 A detected by IUE is 
tentatively attributed to photo- 
dissociation of H,O, but CO, or OH are 
more plausible; alternatively dissociative 
recombinations of CO,* or OH+ are 
energetically capable of giving the OCS). 
Some years ago Vanysek and Wickra- 


masinghe (Astrophys. Space Sci. 33, L19: 
1975) proposed that cometary particulates 
could be H,CO polymers, this being more 
plausible on abundance grounds than the 
commonly assumed silicate grains. For 
interstellar grains, it seems now to be clear 
from the 3um absorption feature that there 
can only be a small proportion of H,O-ice, 
while general abundance arguments imply 
an organic composition (Whittet Nature 
281, 708; 1979; Hoyle & Wickramasinghe 
Astrophys. Space Sci. 69, 511; 1980). So 
cometary scientists need to consider more 
carefully whether H,O-ice really does 
constitute a major fraction of comet nuclei 
— the continuing IUE observations of 
Comet Bradfield could lead to a resolution 


of this fundamental issue. g 


Natural Killer cells 


from Rod Langman 


NATURAL KILLER Cells in vitro and in vivo 
was the theme of an Armand Hammer 
Cancer Workshop held at The Salk 
Institute, April 7-11, 1980, The three key 
questions that emerged from the dis- 
cussions were, 1) Do NK cells show target 
specificity in killing? 2) Do NK cells 
operate as a tumour surveillance 
mechanism in vivo? 3) Have NK cells any 
other i vivo function? 

NK activity can be specified by its lack of 
MHC restriction (which distinguishes it 
from T-cell killing) and the failure of anti- 
immunoglobulin reagents to inhibit it 
(which distinguishes it from ADCC or 
K-cell activity). Although it was thought 
that NK activity was tumour cell specific, 
there are now many exceptions to this 
generalization. It is now clear that there is 
some degree of specificity for particular 
cell lines or cell types, but it is not clear 
whether this is due to a difference in the 
target cells’ ability to respond to NK lytic 
signals, or to a failure of the NK cells’ 
ability to recognize the target, there being 
evidence for both possibilities. 

The most convincing case of NK recog- 
nition specificity came from the cloned 
lines of NK cells described by Harvey 
Cantor (Sidney Faber Cancer Centre, 
Boston) which specifically kill target cells 
bearing a gp70 dependent determinant. 
Target cells not lysed by one NK clone 
could be rendered susceptible to lysis by 
infection with Moloney virus and killing by 
this NK clone could be inhibited by 
partially purified Moloney virus proteins. 





Rod Langman is Assistant Research Professor 
in the Developmental Biology Laboratory, The 
Salk Institute, La Jolla, California, 


NK clones, which carry the Thy | and Lyt 5 
markers, were derived from normal spleen 
after removal of Lyt 1” and Lyt2” cells, 
and cloned in ‘T-cell growth factor’ 
medium. There were reports by Ron 
Herberman (NIH, Bethesda), Rolf 
Kiessling (Karolinska Institute, Stock- 
holm), Hans Wigzell (Upsalla), and Noel 
Warner (University of New Mexico, Albu- 
querque) all showing that NK cells from 
different sources gave unique patterns of 
NK lysis on panels of target cells. 

The Lyt-5 marker has proved valuable in 
Cantor’s hands for dissecting the re- 
gulatory activity of interferon on NK cells. 
A selected Lyt-5~, NK” cell population 
upon incubation with interferon gains the 
Lyt-5*, NK* phenotype, and at the same 
time itself begins to release interferon thus 
providing a positive feedback control loop. 
The rapid growth of interest in the anti- 
tumour effect of interferon means that this 
kind of control will attract increasing 
attention. 

The question of specificity as a function 
of the ability of target cells to resist NK lytic 
signals was raised when John Collins (Salk 
Institute, La Jolla) reported that NK re- 
sistant fibroblast cell lines could be 
rendered NK sensitive by the addition of 
cycloheximide before or during the NK 
assay. There was some discussion whether 
cycloheximide inhibited a ‘repair’ process 
operating in target cells, or an interferon 
induced protection of NK lysis. While 
neither explanation was entirely satisfying, 
there is little doubt that target cells vary 
drastically in their sensitivity to NK lysis. 

John Collins also reported that NK 
activity might be relevant to tumour sur- 
veillance in vivo. Starting with fibroblast 


Nature Vol. 286 17 July 1980 


cell lines that had been transformed in vitro 
and found to be tumourigenic only in 
immune-deprived (thymectomised, 
irradiated, foetal liver restored) mice, he 
found that these lines were also NK 
sensitive. However, after passage through 
the immune deprived mice, the cell lines 
were tumourigenic in normal mice, and 
these tumours were now NK resistant. The 
immune deprived mice are deficient in NK 
activity at the time of tumour inoculation, 
but by 2-3 months these mice have half- 
normal levels of NK. The inability of these 
in vitro derived cell lines to grow as 
tumours in normal mice is closely 
correlated with acquired NK resistance. 
Reconstitution experiments in this system 
are in progress and may provide the best 
evidence to date that NK activity is indeed 
relevant to early surveillance against 
incipient tumours in vivo, 

There were indications that NK activity 
might be involved in normal lympho- 
poiesis. Ross Basch (New York) presented 
preliminary evidence that the sub- 
population of thymocytes killed by NK 
includes the large subcapsular cells which 
can ‘home’ back to the thymus in cell- 
transfer experiments. Rolf Keissling then 
emphasized the remarkable similarity 
between NK cells and those that cause 
hybrid-histoincompatibility (in some F, 
hybrid combinations, there is a failure of 
haematopoietic stem cells from one of the 
parental strains to repopulate irradiated F, 
recipients). Not only were the H-2D linked 
genetic controls and inhibitors of NK 
activity and hybrid-histoincompatibility 
essentially the same, but up to 20% of 
normal bone marrow cells can be killed by 
NK, although no data were available as to 
which bone marrow cells were killed. 
Jonathan Sprent (Philadelphia University) 
noted that in similar F, hybrid combina- 
tions, mature parental T and B cells fail to 
recirculate or function. These results, 
taken together, suggest the NK activity 
may in normal in vivo conditions play some 
part in regulating lymphopoiesis., 

Throughout the meeting, it was difficult 
to avoid the impression that NK and killer 
T-cells were in some way related. Since NK 
lysis can be a property of both the killer and 
the target, there is a resemblance between 
restricted T-cell killing and NK. Consider 
in the case of NK activity a cell-surface 
marker protein that is essentially constant 
from species to species and is subject to 
modifications due to viral infection, or 
even transformation, of the cell. If the NK 
system had a small repertoire of receptors 
capable of recognizing modifications of 
the marker protein, it might represent a 
surveillance system, albeit rather 
unspecific and inefficient. One therefore 
wonders if the NK system is a relic which 
recalls a stage in the evolution of con- 
temporary killer T-cells. In an immuno- 
deficient animal such as the athymic Nude, 
this relic could still provide valuable 
protection in the absence of a fully 
functional T-cell immune system. E 
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Mid-Atlantic Ridge: zero-age geochemical 
variations between Azores and 22° N 
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The MAPCO cruise of the RV J. Charcot sampled zero-age basalts along the Mid-Atlantic Ridge from the Azores 
Triple Junction to 24°N. Preliminary shipboard geochemical analyses together with earlier data show that some trace 
elements are not randomly distributed along the ridge. The latitude of the Hayes transform delineate two regions of 
rare earth element distribution: north from Hayes, is flat to light rare earth (or equivalent) enriched; south from 
Hayes, is light rare earth (or equivalent) depleted. These findings indicate large scale heterogeneity of the upper mantle. 





THe IPOD program (International Phase for Ocean Drilling) 
has obtained many samples of igneous rocks from the ocean 
floor during the past five years. The studies related to this 
sampling and to samples collected by the more classical 
dredging method have provided many data which have been 
interpreted and discussed in terms of the fundamental 
processes of basalt genesis and the composition of the upper 
mantle. Some of these compositions are impossible to relate to 
one another by conventional magmatic processes of fractional 
crystallization, accumulation of crystalline phases and partial 
melting. In addition to these conventional processes, two main 
hypotheses have been proposed to account for the chemical 
heterogeneities in oceanic basalts that are observed at different 
scales. One of these hypotheses invokes magma mixing in one 
form or another; the second hypothesis assumes primitive 
heterogeneity of different source regions in the upper mantle. 
One interpretation does not preclude the other. Mixing, either 
of more or less fractionated liquids derived from the same 
source’ or of liquids derived from different sources**, is 
necessarily restricted to local areas. The mantle heterogeneity 
concept can also be considered as a large-scale (regional) 
property“ °, The research reported here is an attempt to 
examine regional heterogeneities along a portion of the Mid- 
Atlantic Ridge. 


Area and techniques of analysis 

The RV J. Charcot is equipped with a multi narrow-beam 
echo-sounding system (SEABEAM})'® which produces a real- 
tme bathymetric map of the sea floor. The system scans an 
area whose width, normal to the ship’s track, is two-thirds of 
the depth. Because it allows the immediate observation of 
large scale structures and of fine scale features (20-m contour 





*The members of the MAPCO (part | and 2) scientific team were: J. 
Y. Bervas, P. Beuzart, P. Cambon, M. El Azzouzi, G. Floch; J. 
Guichardot-Wirrmann, S. Monti, J. L. Olivet {Centre Océanologique 
de Bretagne), J. Durand, S. Savary (PG St-Maur), C. 
Bassoulet, P. Tarts (PG Paris), J. Argyriadis {Orsay} J. P. Eissen 
(Strasbourg), A. Y. Le Dain (Montpellier), A. Gourgaud (Clermont 
Ferrand), P. Fetter (Tunis), J. L. Joron, G. Meyer (Lab. P. Sue, 
CNRS}, J. Stroup (Albany, US), A. Graham (British Museum (Natural 
History} London, one D. Wood (Birmingham, UK). 
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interval), the SEABEAM system permits relatively easy 


recognition of the rift valley and fracture zones (large-scale 
structures) and choice of a dredge site based on observation of 
fine scale features (such as, central high, volcano, steep slope). 
The objective of our analysis was to locate the inner floor of 
the central valley to dredge ‘zero age’ basalts. The rift valley 
area chosen for dredging was first surveyed by a track, 
approximately perpendicular to the ridge axis, roughly 30 
miles long (15 miles to either side of the axis). This track was 
enhanced by a return profile located ~1.5-3 miles to the 
north or south of the initial crossing. In addition to providing 
information for dredging, each of these tracks constitutes data 
for structural interpretation. Dredge surveys and intermediate 
transits allowed us to obtain 54 transects of the ridge between 
35°N and 24°N. Five profiles were made over each of three 
major transforms, Oceanographer, Hayes and Atlantis. 

During this cruise, a new deredging system, ‘active weight’, 
was tried and used successfully. H is a percussion system: 
when the tension of the cable at the level of active weight, 
which is situated in front of the dredge, is approximately 3 
tons, an impulse of 25 tons is communicated to the dredge. 
The system can act repeatedly at the bottom as it is reset by a 
return spring when no tension exisis between the active 
weight and the dredge. Ten dredges along the ridge axis, with 
tracks of 0.5-1.5 miles, were attempted with this system and 
each dredge was half full to full of rocks. With this dredging 
method and with simultaneous use of SEABEAM, well 
positioned dredges can apparently be achieved with a 
minimum length of the dredge track, probably less than 0.4 
miles. 
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Table 1 Different characteristics between the FAMOUS area G6°N} 
and sites 395, 396 (22°N). /Ch for Ta/La and Hf/La means normalized 
ralios* 

Ta/La Hi/La | 

"h ch 206 ph Giph B'S 88S, ANd 

22°N 
(leg 45,46) 0.56 2. ~26 180 0.7025 413 
FAMOUS 1.09 0.77—1.4 18.8 0.7028 +10 


*Refs 20, 21. 
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Thin sections were made on board and an X-ray 
fluorescence umt, simular to the unit used on board the 
Glomar Challenger! ™'?, allowed us to obtain selected trace 
element and major element data. The precision of the data is 


comparable to that of an onland laboratory: +1% (relative) ' 


for major elements and +2 p.p.m. (absolute) for trace 
elements. 

The primary objective of the first part of MAPCO (CH 97) 
was the structural analysis of the Azores Triple Junction 
between 39°N and 37°N (reported elsewhere); the primary 
objective of the second part of MAPCO (CH 98) and the 
secondary objective of MAPCO (CH 97) was to sample zero 
age basalts from the axis of the Mid-Atlantic Ridge The 
secondary objective of MAPCO (CH 98) was to collect 
bottom topographic profiles, with emphasis on examining the 
progressive increase in average depth of the nft valley floor 
from North to South along the ndge. 


Results and discussion 


Six dredges were attempted proximal to the Azores Triple 
Junction during MAPCO (CH 97) and four of. these were 
successful, 17 dredges were conducted as close as possible to 
zero age during MAPCO (CH 98) and 16 were successful (Fig. 
. 1} The morphologic nature of basalt samples recovered during 
both parts of the cruise is varied. Two-thirds of the total 
recovered material is comprised of pillow basalt; one-quarter 
ig comprised: of segments of glassy crust varying from 1 to 
10cm in thickness and up to 40cm in: length. The remainder 
of the material is comprised of small broken fragments. Most 
of the samples are remarkably fresh and have clean vitreous 
surfaces. The pillow basalts exhibit characteristic radial 
fracturing, glassy margins, and have very well preserved 
extrusive forms of lava fingers or tubes up to 15cm long. The 
basalt crusts or sheets are glassy on both sides; the presumed 
upper portion of these crusts has a ropy appearance and the 
glass 1s occasionally oxidized and veneered by sediment, while 
the lower surface contains portions of thin vertical walls of 
large cavities (up to 20cm diameter) and/or frozen droplets of 
basalt. In dredges CH 98 11 and 12 we recovered massive 
glass blocks up to 15cm diameter, glass shards, and thin flat 
sheets (1. cm thick) of glass. The crusts or sheets are interpreted 
to be either fragments of large pillows or tubes that were 
rapidly emptied, or fragments of surfaces of lava lakes'*. In 
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addition to these basalt samples, scoriaceous basalts of 
probable subacrial origin were dredged at 900m depth ın the 
Azores Tmple Junction area (CH 97 DR 05). One fragment of 
granitic metamorphic rock (garnet, cordierite) and a large 
number of blocks of sediment were recovered in dredge CH 98 
DR 06 situated roughly 10 miles west of the rift valley axis. 

Most of the basalt samples (two-thirds) are aphyric to 
subaphyric (phenocrysts <5%) Nearly all of these basalt 
fragments contain a few rounded plagioclase phenocrysts, 
possibly better referred to as xenocrysts, and one or two 
samples elso contain rounded olivine phenocrysts. 
Microphenocrysts of euhedral olivine, quench olivine and 
plagioclase are all common. The remainder of the samples are 
porphyritic basalts (5-30% megacrysts, phenocrysts and/or 
microphenocrysts). Plagioclase is by far the dominant 
phenocryst phase; crystals are as large as 1cm in length and 
are often rounded and partially reversely zoned. Some are 
better characterized as glomerocrysts. Most contain inclusions 
of glass or microcrystalline material. Olivine is a common, 
though usually minor, phenocryst phase. It is occasionally seen 
as rounded crystals up to 0.5mm across but is generally 
subhedral to anhedral and fresh. Olivine contains rare small 
red-brown spinel. Clinopyroxene is observed infrequently as a 
phenocryst phase in these basalts, but is spectacularly present 
in dredge CH 97 DR 05 (in the Azores Triple Junction area) 
where it forms 15% of the rock 

Extensive geochemical data from the northern region 
(Azores Triple Junction and FAMOUS area) and the southern 
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Table 2 Duplicate analyses of three samples of CH 97 DR 02—Sr, 

measured from the same pellet preparations as for Nb, Zr and Y 

determinations, has been used to improve the clasnfication of rock 

typea within one dredge, because of its relative higher precision, Ti was 
measured from a glass disk preparation 





Sr Nb ZI Tı Y 
10l a 138.0 141 T. 7,020 26 
101 b 1364 13.6 78 . 
202 B a 141.6 , 13.1 16 6,900 26 ` 
202 Bb 141.1 13.7 74 26 
304 a 150.0 15,1 71 6,720 24 
304 b, 149.3 13 1 74 24 
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Fig. 2 Examples of extended rare earth diagrams including non rare earth hygromagmaphile elements. a. The sp 
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Azores Triple Junction FAMOUS area (data from refs 14, 16, 17, 23, 25); b. 22°N (data from refs 18, 19, 23). The preferred normalizing 


abundances corresponding to non rare earth elements are, tn p.p.m.; 


22. In a, flat to light rare earth patterns. Nb, Ta and La plot at the same ordinate position (normalized Ta/La or Nb- La ralios are = 1.09) b, 
light rare earth depleted patterns, Nb and Ta plot at a lower ordinate position than La (normalized Ta/La rato is > 0.5) see text. 


region (22°N) have been interpreted as suggesting that there 
are significant differences in the isotopic compositions and 
trace element chemistry of the upper mantle sources between 
these two areas'*-*°, Table 1 summarizes these data for the 
FAMOUS area and 22°N (ref. 21}. Clearly from our present 
knowledge only isotopic data obtained from basalts can be 
interpreted unambiguously in terms of mantle sources. 
Hygromagmaphile element ratios such as Hf/La {similar to 
Zr/La or Sm/La) in basalts depend on both mantle source and 
partial melting. The two different ranges of Hf/La im the 
FAMOUS area and at 22°N are interpretable in terms of 
different mantle sources (one for each region} in agreement 
with the isotopic data. The range of this ratio in each area is 
probably due to different extents or ways of melting?*°*. As 
the main target of the MAPCO cruise is the examination of 
regional heterogeneities along a portion of the Mid-Atlantic 
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elements or their ratios can help, at ‘east in part, to describe 
these heterogeneities or this transition. 

It has been shown for some samples that elements whose 
ions present a rare gas electronic structure can be included in 
the rare earth Coryell-Masuda piot?*°*; a comparative 
geochemical study of more than 300 oceanic basalts showing 
different rare earth patterns gave precise normalization values 
and relative behaviour of non rare earth hygromagmaphile 
elements compared with rare earth elements*°. Figure 2 presents 
such a diagram for samples from the Azores Triple Junction: 
FAMOUS region and fram 22°N {refs 14-19, 23, 25). 

In the northern region the extended rare earth patterns are 
from flat to light rare earth enriched (Azores Triple Junction, 


FAMOUS, Sites 411, 412, 413 and 332, 334, 335 of DSDP): 
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Fig. 3 a, Spectrum of non rare earth normalized patterns observed north from the Hayes transform. The end members of this spectrum are 


CH 97 DR 03 101, 39°N in the Triple Junction (©) and CH 98 DR 03 201, 33°N immediately north from Hayes fracture zone (FZ) (A) The 
Mm, CH 97 DR 05 3.. at 38°N, @ CH 98 DRO 1.. at 35°N Gmmediately south from Oceanographer FZ) have been chosen as cxanipies 
showing similar distributions at different latitudes in this area. b, Spectrum of non rare earth normalized patterns observed south fram Haves 
transform. The plotted samples selected for examples are CH 98 DR 04, 33°N immediately south from Hayes FZ (@) CH 98 DR 07, 32°N 
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Table 3 Sr, Nb, Zr, Ti and Y data obtained on board; the figure in 
parentheses corresponds to the number of analysed samples 





Sr Nb Zr Ti Y 


CH 97 

DR 62 See Table | 
DR 03 30°06 N 29°54 W 

101 (1) 365 29 160 12.060 32 
DR 05 38°42’N 29°57 W 

bee, 43) 397 28 155 141460 27 

2.. (4) 241 16 104 8,100 26 

3.. (6) 192 13 86 6840 21 
DR 06 38°31 N 30°18 W 

1.. (6) i 260 31 135 11,100 32 

CH 98 

DR 02 35° 11'N 36°14 W 

t.. (2) 155 12 75 7,400 26 

201 (1) 110 8.5 74 8.220 33 
DR 03 33°44'N 37°40'W 

bw (2) 95 6 46 4770 23 

201 (1) 102 5 57 5.220 24 

4.. (2) 92 6 61 5850 25 
DR 04 33°30°N 39°0S'W 

1.. 

>. ba 99 1.5 63 6,240 28 
DR 05 33°02'N 39°20'W 

101 (i) 93 2 R6 8100 35 
DR 06 32°17 N 40°21 W 

101 (1) 87 2 9} R880 37 
DR 07 32°17'N 40°11 UW 

L.. {4 93 2 80 8,000 34 
DR 08 31°54'N 40°58'W 

te (3) 133 12 134 10260 45 

102 (1) lii 95 ill 8,580 38 

2.. {3 81 2 90 8.340 38 
DR 09 31°28'°N 40°57’ W 

101, 301 (2) 9] 2 87 8460 36 

204 (1) &9 l 69 6,780 30 
DR 10 31°04'N 41°25'W 

101 (i) 110 3.5 113 10,080 42 

2 {2 101 15 77 7620 32 

3.. (2) 75 L5 7i 6,960 31 
DR 11 30741 N 41°49 W 

karde ee AT 92 15 92 8.650 36 
IDR 12 30°10'N 41°55 W 

103, 204 (2) 92 2.5 103 9600 41 
DR 13 29°56’N 42°46 W 

204 et 301 (2) 122 3 105 8.940 36 
DR 14 2917 N 43°05 W 

101, 304 (2) 105 15 85 7750 R 

103, 201, 301 (3) 110 25 93 8.750 35 
DR 15 27°46'N 44°05 W 

102, 301 (2) 113 1.5 95 8,190 323 

22 (2) 113 25. 52 5.220 23 
DR 16 25°16'N 4520W 

1.. (2) 128 3.0 100 8.300 33 

201 (2) 119 35 112 9.360 39 

202 (1) 124 5 92 7,320 30 
DR 17 24°28'N 46°15'W 

101 (i) 148 3.8 121 9300 35 

201 (13 167 2.6 499 7260 3I 

301 {1) 136 3.5 125 10260 38 

401 (1) 138 3.0 110 9000 34 
Preferred chondrite abundance 0.53 5.13 460 2.16 





the normalized Ta/La or Nb/La ratio (~1) is independant of 
the light rare earth enrichment (as well as for 45°N, site 410, 
and Reykjanes sites 407, 408 and 409). In the southern region 
(22°N) the extended rare earth patterns are systematically light 
rare earth depleted; the normalized Ta/La or Nb/La ratio ts 
0.5. Knowing this behaviour of hygromagmaphile elements, 
rare earths and non rare earths, it is possible to use Nb, Zr, Ti 
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and Y concentrations measured through X-ray fluorescence on 
board to obtain chondrite normalized diagrams equivalent to 
a rare earth diagram. The data may be interpreted in terms of 
mantle heterogeneity if these diagrams show sufficiently large 
differences as we know that a range of Sm/La or Zr/Nb ratios 
can be observed within a restricted area (FAMOUS and site 
411, 412, 413 of DSDP). 

Table 2 shows duplicate analyses of samples CH 97 DR 02 
used to test the accuracy of measurements on board. Table 3 
shows from north to south the results obtained during the 
cruise. Examination of these data indicates that the 
distribution of these elements is not random along the axis of 
the Mid-Atlantic Ridge as mentioned for rare earths by White 
and  Schilling?’. Nb concentrations, the most 
hygromagmaphile element investigated, clearly show lower 
values in the southern region than in the northern region. The 
range of variation of (Nb, Zr, Ti, Y) chondrite normalized 
patterns are shown in Fig. 3. North from the Hayes transform 
these patterns are flat to Nb enriched (equivalent to light rare 
earth enriched); south from the Hayes transform they are Nb 
depleted (equivalent to light rare earth depleted): one 
exception in the southern region is observed in CH 98 DR 08 
where two groups of samples show flat or only slightly Nb 
depleted patterns. 

The large difference of the chondrite normalized plots of Nb, 
Zr, Ti and Y (equivalent to rare earth plots) between north 
and south from Hayes transform allow us to interpret these 
preliminary results in terms of regional mantle heterogeneity. 
The suggested limit (latitude of the Hayes transform) will have 
to be confirmed by isotopic data. It will be also interesting to 
study the Ta/La ratio between the Hayes transform and 22°N 
to confirm whether or not the single normalized Ta/La ratio 
found so far (~0.5) for light rare earth depleted material 
comparatively to the single value (~1) observed for flat to 
light rare earth enriched materials. 

The MAPCO cruise was supported by the Groupe Croute 
Oceanique du Comite I[POD-—-France, the CNRS and 
CNEXO. We thank J. Bonnin for help in formulating this 
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developed by J. P. Allenou with the support of J. Y. Bervas. 
We also thank the Captain, the officers and the crew of the 
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de Geophysique, Géologie et Geochimie marines du C.O.B. 
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Flow patterns in the central 
North American ice sheet 


W. W. Shilts 





Patterns of glacial dispersal of lithologically distinctive erratics around Hudson Bay show the ventral portion of the 
North American Laurentide ice sheet to have been made up of at least two land-based centres, one that grew and 
dissipated in Keewatin, and one that grew and dissipated in Nouveau Quebec-Labrador. 
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AN accurate model of the flow patterns of the central portion 
of the North American ice sheet is of fundamental importance 
in reconstructing the palaeogeography of northern North 
America for the past million or more years. The configurations 
of the margins of the Laurentide sector of the Wisconsinan ice 
sheet during the last 10,000 yr of its existence have been 
detailed satisfactorily, but inferences about the ice flow 
patterns during glacial maxima and locations and growth 
mechanisms of centres of glacial outflow have been hampered 
by a paucity of data from the Canadian Arctic and sub-Arctic. 
Most inferences on these earlier events have been drawn 
indirectly from geophysical data, from limited isostatic data on 
raised and tilted lacustrine or marine shorelines, and from 
broad, large-scale reconnaissance mapping of glacial features 
(largely by airphoto interpretation). 

Over the past decade much relatively detailed information 
has been obtained on the lithological character of glacial 
sediments, the orientation of ice-inscribed or ice-moulded 
features, and on the general stratigraphic framework of glacial 
sediments around Hudson Bay. These data, by defining paths 
of glacial transport of distinctive bedrock lithologies, permit 
the postulation of several constraints on timing and con- 
figuration of glacial flow for the central parts of the Laurentide 
ice sheet (at least as it was constituted during the Wisconsinan). 
These constraints have lead t6 a preliminary model for glacial 
flow that conflicts with many aspects of recently published ice 
sheet reconstructions! ~+. Furthermore, although the model is 
crude, its gross features are unequivocal and are sufficiently 
accurate to use as a basis for speculating on the 
configurations, palaeoclimatological conditions and dynamics 
of the last Laurentide ice sheet. 

The data on which the maps and conclusions of this article 
are based are principally the petrological compositions of till 
and related sediments from: (1) the Hudson Bay Lowlands 
and adjacent areas of the Canadian Shield: (2) southern 
District of Keewatin; and (3) Coats and Mansel Islands (Fig. 
1). The petrology of tills has been characterized by 
determining the percentages of several distinctive pebble 
lithologies in the 2-6-mm fractions of ~ 1,200 samples of 
surface and older tills. Pebble lithologies and geochemical and 
mineralogical dispersal patterns were noted for a further 7,000 + 
samples of till collected in southern District of Keewatin?~° 
Field observations of erratic types present at each of several 
hundred localities throughout these regions have been 
integrated with the quantitative data, as have pebble 
lithologies of glacial or related bottom sediments collected 
from Hudson Bay by C. F. M. Lewis and B. V. Sanford. 

The petrological data are supported by observations of 
orientations of ice-inscribed or ice-moulded features compiled 
or generalized from the Glacial Map of Canada’, from 
measurements of striation directions on boulders or boulder 
pavements in tills exposed in stratigraphic sections in the 
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Hudson Bay Lowlands, and from measurements of orientation 
of striations on bedrock, of fluting, aid of minor moraine or 
drumlins within a 200,000-km? area waere detailed mapping of 
surficial geology has been carried ovt in southern Keewatin 
and on Coats and Mansel Islands. 


Bedrock sources of erratics 

around Hudson Bay 

Figure 1 shows the locations of the major geological domains 
within and around Hudson Bay. The older Precambrian 
terrane is largely underlain by ncn-calcareous, crystalline 
gneiss and igneous intrusive rocks. These ‘crystalline’ rocks 
include major belts of deformed, metemorphosed volcanogenic 
and associated sedimentary strata tha’ generally retain some of 
their original lithological characteristics. 

Superimposed on the ‘crystalline’ terrane are belts of 
Proterozoic sedimentary and volcanogenic rocks that are 
generally much less affected by metamorphism and which 
contain lithologically distinctive facies. One of these. the 
Dubawnt Group", comprises a sequence of generally red 
sedimentary and volcanogenic formations that underlie an 
area of several tens of thousands o` square kilometres west 
and south-west of Baker Lake. 

Another Proterozoic depositional basin. the Circum- 
Ungava geosyncline’, forms an almost continuous belt of 
sediments, including locally significant occurrences of iron 
formation, basic volcanic rocks, end basic or ultrabasic 
igneous rocks. The sediments of that part of the basin in and 
adjacent to Hudson Bay are predominantly dark grey to 
black greywackes, slates, various facies of iron formation, and 
minor dolomitic units. 

A thick sequence of gently dioping, unmetamorphosed 
Palaeozoic carbonate rocks with miror clastic facies underlies 
much of Hudson Bay and extends for several hundred 
kilometres on land south and south-west of the Bay?’ 

Because of the distinctive lithologizal differences among the 
erratics derived from each of these major geological domains, 
pebble lithologies in the tills around Hudson Bay are grouped 
into four general and easily defined categories. For 


dissimilarity of flow patterns for older glacial events may be 
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evaluated. Furthermore, by documenting the distance travelled 
by erratics during any one glacial event, one can make rough 
calculations of the time required for the distance of transport, 
as has already been done for the Dubawnt (red) erratics 
mapped on the mainland west of Hudson Bay’. 


Dispersal patterns around 

Hudson Bay 

Dispersal of Carbonate erratics: south and south-west of 
Hudson Bay, carbonate erratics have been displaced hundreds 
of kilometres westward and southward onto crystalline 
Precambrian bedrock (Fig. 2}. Carbonate erratics (20-30%) 
have been found in the fine gravel fraction of fine-grained, 
calcareous till 250km from the nearest carbonate outcrops. 
The northern limit of westward carbonate dispersal is sharply 
defined in the vicinity of Seal River, just north of Churchill, 
Manitoba (L. A. Dredge, personal communication). Till from 
boreholes drilled north of Seal River bears no Palaeozoic 
carbonate erratics and has a non-calcareous matrix at least as 
far north as Chesterfield Inlet. South of James Bay, the 
Ontario~-Quebec border (long. 79°30) roughly divides the 
area of carbonate dispersal to the west from the area of non- 
calcareous drift to the east. Other than in the area of the late 
glacial Cochrane readvance, south-east of James Bay, no 
evidence has been found of eastward dispersal of Palaeozoic 
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Fig. 1 Generalized geo- 
logy and principal study 
areas around Hudson 
Bay. 1. Palaeozoic car- 
bonate and minor clastic 
rocks; 23, Proterozoic 
Dubawnt Group, red vol- 
canogenic and sedimen- 


tary rocks; 3. Circum- 
Ungava geosyncline, 


Proterozoic sedimentary, 
intrusive, and volcano- 
genic rocks: 4 crystalline 
Precambrian terrane: 4, 
60° sites of samples collected 
from boreholes through 
till (not shown north of 
Keewatine Manitoba bor- 
der}; 6. principal study 
regions discussed in text. 
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as evidence of eastward dispersal are confined to zones of 
postglacial marine submergence and were undoubtedly 
emplaced by some form of ice rafting!?. 

Although calcareous Palaeozoic debris could have been 
displaced eastward or westward from ice centred on Hudson 
Bay at some earlier time and could have been eroded and 
transported back into or across the Bay during later flow from 
Quebec or Keewatin centres, one would expect that at least 
some of the calcareous debris would have been left behind to 
be incorporated into the drift that now covers the areas 
adjacent to Hudson Bay. Certainly in other areas, where later 
ice flow has been at considerable angles to earlier flow, some 
components of the earlier flow have been left behind, although 
their frequencies are attenuated and their dispersal patterns 
modified. Such relict evidence of earlier dispersal has been 
observed in southern Keewatin'! and in the Appalachian 
region of southern Quebec!® where later major ice movements 
have not completely effaced earlier dispersal patterns. 

Dispersal of dark erratics: dark grey to black sedimentary 
and volcanic rock fragments are widely distributed in drift 
throughout much the same area as that covered by tll rich in 
carbonate erratics (Fig. 2). Isolated observations of dark 
erratics, iron formation and jasper have been interpreted? ™ 1” 
to indicate a source within the Circum-Ungava Proterozoic 
sequence that both underlies the eastern part of Hudson Bay 
and projects through the Palaeozoic cover in the Sutton 
V. K. Prest (personal communication, 1979) has 


erratics in northwestern Ontario at least 1.000km west of their 
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fossiliferous Palaeozoic carbonate erratics over 600km west of 
their nearest source. Dark erratics and associated tron 
formation commonly comprise 10-20°, of the erratics (2- 
6mm) in tills lying on Palaeozoic outcrops west and south- 
west of Hudson and James Bays. West of Hudson Bay, dark 
erratics are rare (generally <$°;) north of Seal River, and 
those that are found could reasonably be related to local 
sources within greenstone belts. Dark erratics make up at least 
50°. of the Precambrian erratics on Mansel Island and are 
found there in association with haematite~magnetite iron 
formation and other erratics which are common lithologies 
within the Circum-Ungava geosyncline’. Dark erratics are 
found on the east coast of Coats Island but are uncommon 
west of there. 

Dark erratics are also found in older tills in numerous 
exposures throughout the Hudson Bay Lowlands and in a 
series of 6-20-m deep boreholes drilled in multiple tills 
overlying crystalline terrane west of the Lowlands. At given 
sites within the Lowlands, the concentrations of dark erratics 
(and also crystalline erratics) are generally similar among till 
sheets, including till sheets which predate the last interglacial 
stage!9-20, 

Dispersal of red erratics: the pattern of dispersal of red 
erratics has been discussed in detail elsewhere’! for that 
portion of the district of Keewatin east of the Keewatin ice 
divide. No red erratics occur north of a south-east-trending 
line from Baker Lake to the coast of Hudson Bay, just north 
of Rankin Inlet. In this region a well-developed 


southeastward-trending dispersal train of red erratics is 
Fig. 2 Dispersal pat- i00. 
terns of carbonate, red, 96° 


and dark erratics from 
source areas 1, 2 and 3, 
respectively. 1-4, as Fig. 
1: 5, area of dispersal of 
carbonate erratics on 
land; 6, main dispersal of 
dark erratics on land. 
South-west of Hudson 
and James Bays overall 
dispersal corresponds to 
carbonate pattern but 
dispersal of dark erratics 
is only shown where they 
make up a significant 
proportion, generally 
more than 15%, of all 
erratics; 7, principal area 
of dispersal of red er- 
ratics: 8, numbers jin- sE? 
dicate references used for 
data on erratics in areas 

indicated. 
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superimposed on a poorly defined southerly train created 
during an earlier glacial flow event. Red erratics comprise 1- 
2% of the fine gravel in eskers anc till on Coats Island. 
Distinctive cobble and boulder-size fregments of the red Pitz 
and Christopher Island Formations cf the Dubawnt Group 
are numerous on Coats Island and can be ascribed confidently 
to outcrops that occur exclusively within a 100km long belt 
that extends southwestward from the zast end of Baker Lake 
(A. N. Lecheminant, persona! commur:ecation). 

No red erratics were found on Mansel Island, nor were they 
found in till-like bottom sediments frem the floor of Hudson 
Bay between Coats and Southamptcn Islands, Red erratics 
comprise 1°, of the gravel fractions of till samples near the 
Manitoba border, but no certain red erratics have been found 
as far south as Churchill. Although the true pattern of 
dispersal of red erratics between the Keewatin mainland and 
Coats Island is poorly known, the main part of the dispersal 
train seems to narrow northwards and to make at least a 90° 
bend, a configuration confirmed by the pattern of distribution 
of red erratics in till-like sedimen's from the bottom of 
Hudson Bay. 

Dispersal of crystalline erratics: crystalline erratics are found 
virtually everywhere that it has seen possible to make 
observations in the region covered by Figs 1 and 2. Crystalline 
erratics make up ~10°, of the gravel fractions of all tills 
sampled in the southern Palaeozoic portion of the Hudson 
Bay Lowlands and make up 20°, or more of the gravel-sized 
erratics occurring in tills from Heyes River-Nelson River 
northward. Crystalline erratics maxe up the bulk of the 
Precambrian erratics on both Coats and Mansel Islands. In the 
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regions underlain by crystalline bedrock, crystalline erratics 
generally make up more than 95% of the gravel fraction, 
except down-ice from major dispersal areas of more erodable, 
less metamorphosed outcrops, such as the Palaeozoic 
carbonates or Dubawnt red beds. 

In the district of Keewatin, geochemical and mineralogical 
dispersal patterns from several mineralized or mineralogically 
distinctive bedrock sources within the crystalline terrane east of 
the Keewatin ice divide invariably indicate eastward or 
southeastward glacial transport towards Hudson Bay. 


Directions of flow from 
striation measurements 


Numerous observations have been made (refs 19, 20 and B. G. 
Craig, unpublished data) of southwesterly oriented striations 
on boulder pavements within or between till sheets and on 
bedrock throughout the southwestern part of the James Bay 
and Hudson Bay Lowlands. Skinner's data clearly show that 
all tills preserved south-west of James Bay, including pre- 
Missinaibi (pre-Sangamon) tills, were deposited by glacier ice 
flowing from east-northeast. An exception to this general flow 
pattern is an area of clay-rich till associated with southeasterly 
oriented drumlins and striations that were probably formed 
during the Cochrane readvance’', a southward and eastward 
late glacial surge. Observations'?:’°-* of southeasterly 
oriented striations on till stones and on Precambrian bedrock 
near the western edge of the Hudson Bay Lowlands from 
Churchill to indicate that 
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Fig. 3 Ice flow lines re- 
constructed from trends 
of ice moulded or im- 
scribed features and from 
dispersal patterns of er- 
ratics. Although this is 
thought to be a reason- 
able reconstruction for 
the central part of the ice 
sheet at the last glacial 
maximum, there is no 
way to tell precisely how 
or where the two ice 
sheets interfaced at any 
given time. 1, Flow lines 
based on ice moulded or 
inscribed features and on 
dispersal patterns; 2 flow 
lines based on ice flow 
trends shown on the gla- 
cial map of Canada’. 


region, at some time during at least one glaciation, ice flow 
was southerly to southeasterly. 

Hardy!*, among others, has shown that striations preserved 
in the eastern part of the Hudson Bay Lowlands invariably 
indicate ice flow westward or southwestward toward Hudson 
Bay. Andrews and Falconer’? show that ice flow across the 
Ottawa Islands in the east-central part of Hudson Bay varied 
from northeastward to westward. 

On Coats and Mansel Islands several directions of striae 
and fluting were noted, most being northward or 
northeastward, sub-parallel to the long axes of those islands. 
On Coats Island, however, the last direction of ice flow was 
eastward, presumably directly from Southampton Island or 
northern Keewatin. 

In areas outside those discussed above striation directions 
are known or assumed to be similar to the main trends shown 
on the glacial map of Canada’. 


Discussion 

Traditionally, the concepts regarding the configuration of the 
central part of the Laurentide ice sheet have been derived 
largely from observations of the amount of isostatic uplift of 
marine and lacustrine shorelines and from gravity data that 
seem to indicate that a significant amount of isostatic 
adjustment has yet to be made over Hudson Bay. These data 
have led to the belief that the locus of greatest ice loading, and 
hence the centre of glacial outflow at the maximum 
development of the last Laurentide ice sheet, was over Hudson 
Bay itself, notwithstanding the abundant glacial 
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cennigepholosical evidence from regions adjacent to the Bay, 
all of which indicates ice flow radially away from centres of 
dispersal located in Keewatin and Nouveau Quebec. The 
terrestrial centres or ice divides have been explained as late 
glacial phenomena**, formed when marine waters split a 
Hudson Bay ice dome into eastern and western segments with 
concomitant readjustment of ice flow patterns. Thus, the 
geomorphological features were thought to have been formed 
during the last 2,000-4,000 yr of the ice sheet’s existence. 

However, the time-transgressive nature of marine limit!’ 
combined with significant amounts of restrained rebound'!:*° 
in areas of marine inundation make interpretation of 
maximum uplift data difficult around Hudson Bay. In 
addition, recent measurements of marine limit on southeastern 
Southampton Island (124-157m)°°, Coats Island (124m) and 
the Ottawa Islands (156-163m)?* are lower than would be 
expected if the northern or north-central part of Hudson Bay 
had been loaded more heavily than adjacent areas on land. 
Vincent and Hardy*’ have shown convincingly that lacustrine 
strandlines which predate the marine incursion south-east of 
James Bay, are tilted upward towards a centre of uplift in 
Nouveau Quebec and not towards a centre over Hudson Bay 
as would be expected if an ice dome had existed there. 

Although there is no firm evidence relating to the origin of 
the gravity anomalies that are found in parts of Hudson Bay, 
crustal blocks within the Bay seem to be in equilibrium with 
their adjacent terrestrial counterparts*®, suggesting that the 
anomalies may be in part a permanent feature of the crust 
under the basin. 

From the above dispersal and geomorphological data, a 
map (Fig. 3) has been prepared showing probable flow 
directions in the central part of Laurentide ice sheet near a 
glacial maximum, but at an unspecified point in time. 

The dispersal patterns of Fig. 2 show that an ice dome or 
domes could not have existed in the Hudson Bay basin unless 
some special conditions existed, such as the presence of a melt 
lake? or a frozen bed under the central portion of the ice 
sheet. Such conditions would have prevented erosion and 
transportation of the Palaeozoic carbonate rocks from beneath 
the Bay. Two facts that argue against special conditions are 
the consistent eastward dispersal patterns from distinctive 
sources in the crystalline terrain east of the Keewatin ice 
divide, well above and west of the central depression, and the 
abundant evidence of repeated episodes of intense erosion of 
the Palaeozoic and Proterozoic rocks that underlie the 
southern half of the Hudson Bay depression. The 
configuration of erratic dispersal patterns suggests, rather, that 
independent ice masses existed on either side of Hudson Bay. 

The well defined northern limit of westwardly displaced 
carbonate lithologies along the Seal River in northern 
Manitoba indicates that ice from the Quebec centre never 
affected the western shore of Hudson Bay north of that river. 
The presence of red erratics on Coats Island and their absence 
on Mansel Island indicates that ice from a Keewatin centre 
was confined to the western portions of Hudson Bay, but the 
presence of dark erratics on Coats Island suggests that at 
some time ice from a Quebec centre flowed at least as far west 
as Coats Island. In any case, the dispersal patterns at the 
mouth of the Bay indicate that terrestrial ice flow centres were 
established well before marine waters divided the ice sheet. 
The lack of carbonate erratics east of Hudson Bay supports 
the interpretation that the pattern of westward dispersal of 
carbonate and dark erratics west and south-west of Hudson 
Bay was not related to a centre of dispersal within the Bay but 
to a centre on land to the east. 

The general picture conveyed by the reconstruction depicted 
in Fig. 3 is one of independent Quebec and Keewatin ice 
masses in contact along discrete zones. The zone of contact in 
the northern part of the Bay was more or less between Coats 
and Mansel Islands. The contact zone depicted through the 
Hudson Bay Lowlands could have been as far north as Seal 
River and as far south as approximately the Quebec-Ontario 
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border, based on the limits of carbonate dispersal. M is diawt 
at the Nelson River in this reconstruction because the amount 
of crystalline erratics in youngest tills morth of Nelson River is 
considerably higher than in tills soath of the river. The 
moderate concentrations of aaa alte arratics in tills south of 
the river are assumed to have their crigin principally in the 
crystalline tenean: east se Huse Pay: orin of Da River 


is no reason a a source area east of Madon Bay cae 
cause this enhancement, it is thought that much of the 
crystalline component was carried sow hward by Keewatin ice, 
from sources north-west of the lower reaches of Nelson River. 

The shift through time of the conact of the Quebec and 
Keewatin ice masses in the soutiwestern Hudson Bay 
Lowlands explains the commonly otserved presence of two 
sets of striae, one indicating flow frem north or north-west, 
and one indicating flow from east cr north-east. When the 


site, the latter sets of stria were formed; when Keewatin ice 
displaced the Quebec ice at the same site, the former directions 
prevailed. The strong evidence of westward to southwestward 
dispersal through the western Hudsor Bay Lowlands suggests, 
however, that the Keewatin centre had a minor role in most of 
the Lowlands, either by virtue of its inability to erode and 
transport or because it did not flow lang enough over most of 
the region to effect significant erosion and transportation. 

That the position through the Hudson Bay Lowlands of this 
zone of contact between Quebec and Keewatin ice masses 
seems to have shifted consideratle distances with time 
probably reflects the relative strengths and timing of ice build- 
up in the two centres of ice dispersal. It is tempting to 
speculate that within the central part of the Laurentide ice 
sheet the Labrador~Quebec centre of outflow predominated in 
the early and maximum stages of glaciation and that the 
Keewatin centre became relatively stronger during the later 
stages. Ceray. in the last stages at eee es was a 


between ice retreating a a centre i eee » ice 
retreating generally northward or sorthwestward towards a 
Keewatin centre. The Cochrane readvance'**° seems to have 
been independent of the Quebec ice and may, therefore, have 
emanated from an ice mass shrinking toward a Keewatin 
centre. 

The magnitude of the distances cf transport of all erratics, 
more than 1,000km in the case o° the carbonate and dark 
etratics and at least 600km in the case of the red erratics, 
demonstrates that ice flow was mairtained from Keewatin and 
Quebec centres of outflow along discrete flow paths for 
significant periods of time, as already suggested elsewhere! 39. 
The duration of ice flow necessary to effect these distances of 
transport for erratics of any given tll sheet must have been of 
the order of several tens of thousands of years if the reasoning 
used by Shilts er al.'! or by Boultor et al? is followed. 

That erratic transport occurred a-ong specific flow lines over 
such long periods of time seems to be incompatible with the 
concept that there could have beea any prolonged period of 
glacial flow with a configuration other than that depicted on 
Fig. 3. Thus, it is concluded from ihe constraints of time and 
configuration of dispersal discussed above that ice flow was 
maintained from centres located east and west of Hudson Bay 
throughout one or more glacial stades of the Wisconsinan 
Stage. Lithological similarities between pre-Wisconsinan and 
Wisconsinan tills in the Hudson 3ay Lowlands suggest that 
similar centres also existed during earlier glaciations. 





Conclusions 

In the region around Hudson Bay, the configuration of 
dispersal patterns for distinctive suites of glacial erratics 
indicates that a centre of ice flow or ice dome could not have 
existed over the Bay unless some special conditions existed 
that prevented erosion and transportation of debris from the 


Bay’s limestone floor. Dispersa data agree with glacial 





ee data in that they indicate ice flow from 
centres on land in Keewatin and in Nouveau Quebec- 
Labrador. 

The distance of dispersal along clearly defined flow paths 
from the centres east and west of Hudson Bay is so great that 
the time required to form the major erratic trains of the 
Wisconsinan glaciation may have spanned most of that glacial 
stage, leaving little time for the development of a major ice 
dome over Hudson Bay. 

Thus, I conclude that it is unlikely that an ice dome could 
have existed over Hudson Bay during the Wisconsinan nor is 
it likely, based on compositions and striated boulder 
pavements of pre-Wisconsinan tills of the Hudson Bay 
Lowlands. that an ice dome existed during the earlier glacial 
stages represented by these deposits. Centres of ice dispersal 
are thought, rather, to have developed and decayed on land 
east and west of Hudson Bay. 
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Hudson Bay received ice flowing from Keewatin id 
Quebec throughout the last glacial stage. Reconstructions of 
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sheet might better be based on the multiple dome model 
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model. 
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Invertible DNA determines host specificity 
of bacteriophage Mu 
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The function of the invertible G region of bacteriophage Mu is apparently to confer different host specificities on Mu. 


Two products of genes S and U, situated in the G region are not nee ‘ded for the infectivity of Mu G(— 


) particles. In the 


Mu G(—) phage the S gene product and the 21-K polypeptide, presumably the product of gene U, are missing. Instead, 
two other polypeptides with different molecular weights are observed. 


THE invertible G region of bacteriophage Mu is 3,000 base 


pairs long and has short inverted repeats at its ends! When 
Mu 1s propagated lytically in Escherichia coli Ki2 the G 
region is fixed in one particular orientation G+}, whereas 


when Mu stocks are prepared by induction of a Mu cts 
prophage the DNA consists of 50°, G(+) and of 50°, G(—) 
molecules”. 

A Mu gene gin situated in the f part of the Mu genome 
(Fig. 1) is essential for the inversion of the G area’, Only 
G(+) particles can infect E. coli K12 (refs 3, 4), but it has been 
speculated that the G{—) slice may be infectious for 
organisms other than E. coli K12 (ref. 5). 

We now provide evidence that w Ges particles are viable 
and have a different host specificity from G( +) particles. 


Propagation in Citrobacter freundii 

It has been reported that Mu can be propagated in cells of C. 
freundii but that the organism seemed to have, besides a 
restriction system directed against foreign DNA in general, a 
second restriction system specifi ally directed against phage 
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strains’. However, the presence of such a s E restriction 
system seems unlikely. Another explanation is that C. freundii 
cells are not sensitive to the Mu G(+) phages, which are the 
predominant product of lytic growth on E. coli K12, but to 
the G({—) form. To test this, the efficiencies of plating (e.0.p.) 
of different Mu phage preparations were determined on E. coli 
K12 and Citrobacter hosts. It seems that the lytically 
Let Mu phage Muc2000, a clear plaque mutant of Mu 

_has an extremely low e.o.p. of 2.5 x 107° on the r` strain 
of Citrobac ter (Table 1, line 1) whereas the e.o.p. of a Mucts 
lysate obtained by induction is the same on E. coli K112 as on 
C. freundii (Table 1, line 2). This simple experiment strongly 
suggests that C. freundii is sensitive for Mu G(—) phages. (The 
nine log difference found between the e.o.p. of lytic Mu and 
induced Mu on C. freundii is much larger than could be 
expected from the e.o.p. data obtained by De Graaf et al.®. 
This difference is a result of the way the Mu phage was 
prepared by these authors: a spontaneous induction lysate of a 
Muc* tysogen with ~ 10° plaque-forming units (PFU) per 
mi~? consisting of 50%, G(+) and 50%, G(—) particles was 
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directly used to make confluent lysis plates on E. coli K12. 
The lysate of ~10?PFUml~' obtained in this way still 
contained 10° G(—) particles which led to an e.o.p. of nearly 
1074 on the C. freundii r` strain.) That the orientation of the 
G area is involved in this phenomenon follows also from the 
behaviour of induced Muctsgin® phages. In this Mu mutant G 
is fixed in the + orientation and consequently the phages 
form no plaques on the Citrobacter host (Table 1, line 3). 


(+4) en en = = - > 
+ pan 
rho rho 


Fig. | A model for the expression of gin during lytic development of Mu 


G{ +j and Mu {G — ) phages. 


G inversion during lytic development 

When Muc2000 was propagated lytically on C. freundii and 
titrated on different hosts it was found that the e.o.p. on an E. 
coli K12 r~ host was much higher (factor of 10°) than when 
lytically propagated Mu on E. coli Ki2 was plated on 
Citrobacter (compare lines 1 and 5, Table 1). Apparently, G 
inversion is more frequent during lytic development of G{—) 
phages than of G(+) phages. A likely explanation for this is 
that the expression of gin is dependent on the orientation of 
the G area. In the + orientation the G area might act as a 
transcription barrier for gin expression, if the gin promoter is 
located in the a region of Mu (Fig. 1). This idea is supported 
by the following result: when Muc2000 is propagated on an E. 
coli K12 suA strain, which is defective in the transcription 
termination factor p (ref. 7), the relative number of G(—) 
phages in a G(+) lysate is much enhanced (Table 1, line 4). In 
the prophage state expression of gin leads to a randomization 
of the orientation of the G region. However, our experiments 
show that Mu phages propagated lytically on E. coli K12 
normally contain very few G(—) phages. This suggests that in 
the prophage state gin is expressed from a different promoter 
and that this promoter is shut off during lytic development. 


Propagation on other hosts 


Other E. coli strains and bacterial species were tested for 
sensitivity to Mu G(+) and G(—) phages. With induced 
Mucts62 phage we found plaques on lawns of E. coli C and of 
Shigella sonnet. Two Klebsiella strains, Salmonella 
typhimurium, an Aerobacter strain, and E. coli B were found to 
be Mu resistant. 





Muc2000 G({—) phages propagated on C. freundii form 
plaques on lawns of E. coli C and S. sonnei with an efficiency 
approximately a factor 10’ higher in comparison with 
Muc2000 G{+) propagated on E. coi Ki2 (Table 1, lines | 
and 5). This suggests that S. sonnef and E. coli C are also 
sensitive to Mu G(—) phages. | 

However, there are some complications. As E. coli C is 
deficient in restriction functions the e.c.p. of induced Mucts on 
E. coli C should be 1. In fact the e.o.p. on E. coli C and on $. 
sonnei is much lower than 1 and, moreover, is difficult to 
determine accurately. Besides the few normal plaques found, a 
large number of extremely faint plaques were seen. This is 
probably due to a poor adsorption ef Mucts62 to E. coli C 
and S. sonnei which is not related to G inversion. Phage 
Muc2000, which compared to Mucts62 adsorbs better to E 
coli K12, also forms uniform clear plagues on E. coli C and 5$. 
sonnei. However, when these phages are propagated on E. coli 
C or S. sonnei and plated on Citrobacter or vice versa (Table 
1, lines 5 and 7) still mutual differences in the e.o.p. of a factor 
10-30 are observed. The reason for these differences is not yet 
known and was not further investigated. 


Restriction enzyme analysis 

The orientation of the G region is easily determined using 
restriction enzymes such as Hpal, whach cut asymmetrically in 
the G region®. Figure 2 shows the analysis of different DNAs 
treated with Hpal. The Hpal digest cf Mu DNA derived from 
phage lysates prepared on Æ. coli K12 is shown in lane b. The 
Hpal—E fragment of about 3,500 base pairs contains part of 
the G region. Mucts62 DNA obtained from an induced phage 
lysate contains an additional Hpal fragment of ~ 3,800 base 
pairs derived from the 50°, G{—) molecules (Fig. 2, lane c). 
Of these two Hpal fragments orly the 3,800 base pair 
fragment is present in the DNA of Mu phage propagated in C. 
freundii (lane d). The G region must be almost exclusively in 
the G(—) orientation in this DNA because the fragment 
present in the Mu G(+) has disappeared. Mu DNA from 
phage propagated on C. freundii, E. coli € and S. sonne? (lanes 
d-f ) gave the same restriction pattern. 


Genes in the G region 


Amber mutations in the genes § and U have been mapped 
inside the G region’. The Gi—) phage cannot infect cells of E. 
coli K12 which might indicate that the § and U gene products 
are not made during lytic development of Gi—) phages. A 
likely explanation for this is that S and U genes are expressed 
from a promoter located outside the G region in the x part of 
Mu (see Fig. 1). The expression of these genes from such a 
promoter will then be blocked after G inversion. To test 
whether the S and U gene products are essential for Mu G(—} 
phages we made induced lysates from an Æ. coli K12 strain 
lysogenic for MuctsSam and another which is lysogenic for 
MuctsUam and determined the titres on different strains 
lacking nonsense suppressors. Normal titres were found on the 





Table | Plating efficiencies of Mu phage lysates on different hosts 
Efficiencies of plating 
Mode of E. coli K12 E. cali KEZ C. freundii 5. sonnet E cali € 
Phage propagation Host E r? r“ p w 
1 Muc2000 lytic E. coli K12 1 | 25410" < 1077 <107" 
2 Mucts62 induced E. coli K12 1 i | (2°? } (4.1075) 
3 Mucts62gin induced E. coli K1i2 i i <p ajg" 107? 
4 Muc2000 lytic E. coli Ki2supA t i ig? Lh -> 
5 Mue2000 lytic C. freundii 26x107 2.0% 107° i 85x10? 75x 107° 
6 Muc2000 lytic $ sonnet 9 ie | | lac 69x107? j 25 
7 Muc2000 lytic E. coli C 10x 1075 27x J0? 2.0% 10 i 


All lytically propagated phage were made by the confluent lysis method. When the phage is propagated on a particular strain and titrated on the same strain, the 
efficiency of plating (e.0.p.) is arbitrarily set at 1. The e.o.p. values for induced Muers62 on S. sonnet and E. coli € (line 2) are given in parentheses as these values were 
extremely variable and dependent on plating conditions. All titrations were on 1.8", agar plates containing |", Difco trypten brodh: O8”, NaCl and O.4° Difco veast 


extract. 
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Fig. 2 4. DNA fragment patterns obtamed from Hpal digests of DNA 
derived from Mu lytically grown in E coli KEZ (6) Mu grown by 
induction of a Mucrs62 lysogen fc), Mu grown Ivtically in C. Jreundti id), 
S. sonnel te} and E cali Cif) ADNA digested with EcoRI f (a), Mu DNA 
was prepared by phenol extraction of phage, purified by equihbrium 
centrifugation in CsCl. Hpal ia gift from Dr van Ormond) reactions were 
carried out in 20mM Tris-HCl] pH 7.4, 7mM MgCl, mM NaCl and 
7mM mercaptoethanol for Lh at 37°C. The digested DNA was 
subjected to electrophoresis on a 1°, agarose slab gel. Electrophoresis 
a contained 89mM Tris, 89mM boric acik 23mM Nag E D TA, pH 

3 {TEB} After el lectrophoresis sat room temperature at L3 Vom", the gel 
was soaked in TEB containing Spgml t ethidium bromide. 1 ne DNA 
bands were visualized under UV light and photographed with a polaroid 
camera, The Hpul-E fragment of the G(+) and the E fragment of the 
Gie) ortentauien are aa ed. B. the Hpal restniction map of the Mu DNA 

is slightly different from the one described by Alet et al”. 


C. freundii strain and no plaques were found on the E. coli 
K.i2 strain on the Sam lysate and very few with the Gam 
lysate (Table These results indicate that the S and U gene 
products are a essential for Mu G{—)}) phages. (The non- 
permissiveness of C. freundii for nonsense mutations was tested 
with an induced Bum lysate (Table 2, line 1).) 

The § protein has a molecular weight (MW) of 56,000 (ref. 
10) for which a coding capacity of 1,500 base pairs is needed. 
We have looked at the structural proteins in Mu Vnom, 
propagated lytically in E. - 
3). It seems that the 56,000-MW polypeptide, the on of 





Table 2 Number of PEU per ml of Mu amber induction lysates on C. freundii 
and E. celj strains 


indicator strains 
E.coliK i2 supë E. coli Ki2su’ 


Lysogen , 
C. freundil 


E.coli K12, a 
supE: {Mucis62Bam} 1.4 10° < 40 < 10 
E cali R12, 
su’ (MuctsSam}* ix id <10 24% 10° 


Ficoll KA2 
sUpE: {MUC islam} 5.2 « 10° Diet 4.5 «x 10° 

i cscs es er one ee 
For plating conditions see Table 1 legend. *The difference in the genetic 

background isu’ and supE, respectively) of the Sam and Uam lysogens was 4 

coincidence and has no influence on the interpretation of the data. 
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gene S. is absent from phages propagated on Shigella. We see 
instead a polypeptide of MW 48,000. A gene coding for this 
size polypeptide would be about 1,300 base pairs long and 
would fit nicely into that part of the G region that can be 
deleted in Mu Gi+}) DNA. We propose that the 48,000-M W 
polypeptide is analogous to the § protem and shall refer to i 
as oS. 

A 21,000-MW structural protein present in phage 
propagated on E. coli K12 is absent from phage propagated 
on S. sonnet. Instead we see a 26,000-MW polypeptide (Fig. 3). 
The 21,000-MW polypeptide is a good candidate for the U 
product and 26,000-MW for the analogous U. Support for the 
identification of the U gene product with a 21,000-MW 
protein comes from the work of Magazin et alt? who reported 
that the 2-pMu hybrid 82-573, that contains # and the G 
region, codes for a 41,500 and 20,500-M W protein. 
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Fig. 3 Electrophoretic separation of the polypeptides of Mu Gi +) (two 


different concentrations} and Mu Gi—} phage particles. The molecular 
weight standards (Biorad: MW range 10000 to 100000; were 
electrophorised in lanes I and 5. Mu | lysates were obtained by confluent 
lysis on E. coli KI? Gl+} or $. sonnet Gi—~)} Purified phages were 


obtained by banding in CsCl and dialvsing against 0.01M Tris-HCI pH 
70: QOLM MgCl, The phages were precipitated in 5°, Uichloroacetic 
acid at O°C for 2h and were centrifuged for 30min at 45,000 rpm. in a 
SW 80.1 rotor. The pellets were solubilized in Laemmli sample buffer?” 
and the pH adjusted to 6.8. The proteins were desaggregated by heating 
the samples at t00 C for 3min. Polypeptides were separated by 
electrophoresis through a -em long linear [2.520% polyacrylamide 
gradient slab gel in the presence of SDS at [50 V for 18b. Pol ypeptide 
hands were visualized by staining with Coomassie brilliant bue. 


Aspects of regulation 

These experiments provide evidence for a new type of 
regulation of gene expression. This is achieved by the inversion 
of a stretch of DNA which contains structural genes. We have 
shown that in bacteriophage Mu inversion of a 3,000 base-pair 
DNA region, the G region, results in a different host specificity 
of the phage. This inversion gives new adsorption properties 
and an extension of the host range of phage Mu. A second 
regulatory aspect of the inversion phenomenon is that the 
frequency of inversion during lytic development of the phage 
seems to be regulated by the invertible region itself, In one 
orientation the region acts as a Bs iad eae nt tr ranscription 
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Fig. 4 Two models for the organtrabon of the G region of bacteriophage 
Mu In model a, geno S 1s completely mace the G region besed on the 
observation that no S ambers wero found to map outmde the G region” 
The position of geno U m drawn as far zs possible to the nght taking into 
account that the nghtmost 1,300 base pars of the G region are non- 
essential for Mu G(+) phages’? Gene U could also be located completely 
medo gene S The presence of separate genes S and U" for Mu G(—) 
phages ıs supposed because the S and U gene 

for Mu G(—) particles Theo smes are based on the a 


pposrance 
polypeptides m Mu G(—) virions mstead of the S and U gene products 
winch have disappeared (Fig 3). The drawing of the beteroduplex 
structure of G 1s according to the EM measurements of Chow et al,!*. In 
model b, the S$ and U genes do not overiap and there is a common part of 
` Sand S mdiated with Sc outude the G region The genes S and S i 
from each other m the part located made G, indicated with S, S, 

: respectively. 
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barrer for the expression of a gene gin. The gin gene 1s 
situated outside the invertible region in the f part of Mu and 
is needed for the inversion of the G area’. It is also of interest 
that the gene mom is located adjacent to gin (A. Toussaint, 
personal communication) and might be coordinately expressed 
with gin. The mom gene codes for a modification function of a 
general nature’?. If the function of G inversion 1s to prepare 
the phage for entering new hosts it will be extremely 
advantageous for the phage if a modification function is 
expressed simultaneously with gin to protect the phage DNA 
against foreign restriction enzymes. 


Organization of the invertible region 

All amber mutations in the genes S and U have been mapped 
inside the invertible region G. S codes for a 56,000-MW 
protein while U probably codes for a 21,00-MW 
polypeptide!®. We have shown that these two gene products 
are only essential for Mu G(+) phages as S and U amber 
mutants plate on C. freundli, which is sensitive to Mu G(—) 


phages. Therefore, we postulate that two other genes which we 


indicate as S’ and ,[U’.are also situated in the G region and are 
expressed in Mu G(--) phages instead of the S and U genes. 
We have some experimental evidence for the existence of S 
and U'. The S and U gene products are present in Mu virions 
propagated in E. coli K12 which is sensitive to Mu G(+). 
However, these proteins are absent in Mu G(—) virions and 
are replaced by two new polypeptides with molecular weights 
of 48,000 (presumably S’) and 26,000 (presumably U’) More 
recently, we have isolated amber mutants of Mu G({—) phages 
which are likely candidates for mutants in the genes S and U’. 
Three of these amber mutants seem to behave as non-ambers 
in E. coli Ki2. They fall in two complementation groups and 
are rescued by A-pMu hybmd phages.containing the f-and G 
regions of Mu. i 

As some 4,100 base pairs are needed to code for S, S, U 
and U’ their genes have to partially overlap if they are to be 
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accommodated ın the G region. Probably, S and U overlap 
each other as only 1,700 base pairs of DNA are available to 
code for S and U. This follows from. the fact that 1,300 base 
pairs of the right part of G can. be deeted in Mu G(+) phages 
without loss of viability’. We propose that S and U’ genes are 
situated in the 1,300 basé pairs that can be deleted in the Mu 
G(+) phages. Such a model is presented in Fig. 4a. However, 
if S is situated partially outside the G region, it is not 
necessary to postulate overlapping genes (sec Fig. 46). The 
presence of G-hke structures in P, and P, (refs 13, 14) 
supports model a. It ıs tempting te suggest that G is a unit 
involved in adsorption which has or had in the past the 
capacity to transpose itself to other DNA molecules. In fact 
the G region shows similarities witk transposable elements as 
this region is bordered by imver-ed repeats and a recA 
independent recombination system (gin) acts on these repeats. 
If model b ıs correct’ then a striking analogy exists with 
immunoglobulins. The polypeptide chains in an 
immunoglobulin molecule have a constant region and a 
variable region coded for by separate genes which are fused, 
probably by a deletion, a transposition or an inversion’ +‘ 
According to Fig. 4b, S and S’ would also consist of a 
constant common part coded for by a region outside the G 


area and a variable part located inside. G. A more precise 


determination of the position of § and analysis of the four 
proteins will reveal whether model a or b is correct. 

It is important to consider how a structure like the G region 
was created: it contains two pairs of genes, one pair being 
silent while the other 1s expressed. From electron microscopic 
studies it seems that the middle part of the G region, about 
1,000 base pairs, shows an inverted homology except for a 
small part around the centre (see elso Fig. 4). This suggests a 
rather extensive homology between S and U on one hand and 
S’ and U’ on the other hand. Such an extensive homology 
within G could be explained if G has evolved from a tandem 
duplication of S and U followed by an inversion of one 
duplicate. Subsequently one duplicate could have changed in 
such a way that adsorption to o-her hosts became possible. 
The nature of these changes is no: yet known but apparently 
involves at least the sizes of the structural tail fibre proteins (S’ 
<S and U’>U). It is of interest that we have found mutants 
of Mu that make slightly larger cr smaller S proteins. These 
were found during the screening in minicells of amber mutants 
of Mu unrelated to S, indicating that changes in S might 
occur with a rather high frequency. In this way Mu might 
maintain a high degree of flexibility to adapt to changes in the 
environment in respect to the availability of host receptor 
sites, 


Analogies with G inversion | 

Several other organisms exhitit regulatory mechanisms 
analogous to G inversion in Mi in that gene expression is 
controlled by genetic rearrangement. One example is the phase 
variation observed in Salmozella typhimurium”. This 
organism produces two types cf flagella encoded by two 
different genes. The onentation of a promoter situated on an 
invertible region of 800 base pairs adjacent to one of the 
structural genes determines which of the two genes ws 
expressed. Another analogy is with the regulation of the 
different mating type elements in yeast, a and a, which are 
expreased only after transposition from a silent position in the 
chromosome to the mating locus (cassette model**). In this 
type of mechanism, structural genes (genetic ‘cassettes’) are 
moved and thus activated. G inversion in Mu has aspects of 
both types of mechanism: like phase variation, host range 
switching in Mu involves inversicn; like mating type inversion, 
the structural genes themselves move. 

We thank Dr Jan van der Embden whose observations on 
G-like structures in S. aureus pbages stimulated the initiation 
of our experiments, and Dr Im Herskowitz for interesting 
discussions on cassette-type controls. This work was supported 
by Euratom grant 194-76 Bian tc M.G.G. 
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A mouse a-globin-related pseudogene 
lacking intervening sequences 
Elio F. Vanin, Gregory I. Goldberg, Philip W. Tucker* & Oliver Smithies 


Laboratory of Genetics, University of Wisconsin, Madison, Wisconsin 53706 


A mouse a-globin-related pseudogene (W230.5) completely lacks intervening sequences, and could not code for a 
functional globin polypeptide because of frameshifts. The widespread occurrence of globin pseudogenes in other species 
suggests that they are not ‘dead’ genes but may be impertant in controlling globin expression. 


INTERVENING SEQUENCES (introns) interrupt many eukaryotic 
genes! ~", In productive globin genes, that is, those producing 
functional globin polypeptides, these sequences are transcribed 
but are removed from the primary nuclear transcripts before 
the resulting mRNA is translated in the cytoplasm (reviewed 
in refs 5,7). The functions of intervening sequences are not 
known. 

The mouse genome has at least seven non-allelic globin 
genes: two adult f genes (B™ and p™""), two B-type 
embryonic genes (y and z), two adult a genes and an x-type 
embryonic gene (x). An adult x and two adult f genes have 
been cloned and sequenced®~'*. Each of the two f-globin 
genes has at the same position in the coding region a small 
116-base pair intervening sequence’ tt? which has only three 
nucleotide differences between the two genes'*. A second 
larger intervening sequence, 650 base pairs long in B'S and 
628 base pairs in f°, differs considerably in sequence 
between these two genes!*, although it is in the same position 
in both. Intervening sequences have been found in the coding 
regions of all productive f-type globin genes described to date, 
including the adult f-type genes from rabbit*''*, chicken’® 
and man'!®, and the human fetal B-type globin genes, y and 
4» (ref. 17). An adult æ-globin gene” from BALB/c mouse has 
also been shown to contain two intervening sequences, 122 
and 134 base pairs long, which occur in positions analogous to 
those of the B-type globins. A human adult a-globin gene has 
comparable intervening sequences (ref, 18, and S. Liebhaber 
and Y. W. Kan, personal communication). 

We describe here the nucleotide sequence of an a-globin 
‘pseudogene’, which we call ya30.5, previously isolated'?:*° 
from the DNA of outbred CD1 Swiss mice (Charles River 
Mouse Farms). «30.5 is clearly related to the productive 
mouse g-globin gene, but it lacks the two intervening 
sequences found in the productive gene; the intervening 
sequences are as cleanly missing as in fully processed mRNA. 
This unusual gene also has several additions and deletions, 
from 1 to 12 base pairs long, relative to the sequenced 
productive mouse a-globin gene’. These additions and 
deletions introduce frameshifts which would prevent 30.5 
from producing a functional -globin polypeptide; this is why 
we refer to it as an a-globin pseudogene. 

Nishioka, Leder and Leder (personal communication) have 
recently isolated and sequenced the gene equivalent to 230.5 
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from BALB/c mice, and we have found that AKR/J and 
SWR/J mice have an EcoRI fragment of DNA in their 
genomes comparable in size and hybridization properties to 
the W230.5 fragment. Globin pseudogenes are also found in 
other species'*®:*!~*3, and this widespread occurrence raises 
many questions about their evolution and function. 


Restriction map of ya30.5 and 

sequencing strategy 

The «globin pseudogene 30.5 was isolated, as clone 
Charon3AMm30.5 (refs 19,20), from a random collection of 
recombinant bacteriophages containing EcoRI fragments of 
liver DNA from the Swiss mice. Figure la shows the 


restriction enzyme map of the 4.7-kilobase pair EcoRI 
G EcoRI BamHi Hind til Bgi ii Bglill EcoRI 


b Bam Hi Hind ti 


| | | 


Hae IH , Hae itl 














p-ren 


AA pra 


Bst Ni Bst Ni Bst EH Bst NI 


100 bp 





Fig. 1 Restriction maps and sequencing strategy for yo30.5. a, 
Map of the 4.7-kilobase pair EcoRI fragment of mouse DNA in 
clone Charon3AMm30.5 {refs 19,20) b, The BamHI/Bgi} 
fragment subcloned into the BamHI site of pBR322 before 
sequencing. ¢, The strategy used in sequencing ya30.5. The black 
areas show the region of the cloned DNA which ts homologous 
to mouse g-globin mRNA. The horizontal arrows show the 
directions of sequencing. 7?P-end-labelling and DNA sequencing 
were by the Maxam and Gilbert procedures** modified as 
described by Slightom er ai.'’. Other experimental procedures 


were essentially as described elsewhere’ ’. bp. Base pairs. 
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(G. N Pavlakıs and J. N. Vournakis, personal communicaton) Note that the a3 sequence data do not cover nucleotide positions before — 115 


and after +561 


fragment in Charon3AMm30.5. Figure 1b shows the region 
subcloned into pBR322 before nucleotide sequencing, and 
Fig. 1c outlines the strategy used for nucleotide sequencing. 


wa30.5 is related to an adult -globin gene 

Figures 2 and 3 present the nucleotide sequence for ¥a30.5 
and compare it with the sequence of a productive a-globin 
gene from BALB/c muce®. The sequence of the equivalent 
pseudogene, a3, from BALB/c mice (Y. Nishioka, P. Leder and 
A. Leder, personal communication) 18 also given in Fig. 2. The 
nucleotide numbering’system used refers to wa30.5 and assigns 
number 1 to the nucleotide in wa30.5 which ıs homologous to 
the first nucleotide of a-globin mRNA. The schematic 
comparison of the nucleotide sequences of wa30.5 and of the 
productive a-globin gene presented in Fig. 3 indicates where 
the two sequences are identical (dark areas) and at the same 
time emphasizes where they differ in length (triangles above 
and below the horizontal lines). The points where a-globin 
mRNA begins and ends are indicated by vertical arrows. 

The first feature revealed by the sequence data of Fig. 2 and 
the schematic comparison of Fig.3 is that Wa30.5 is very 
closely related to the productive mouse a-globin gene. If we 
disregard additions and deletions, wa30.5 is identical in 
sequence to the mouse a-globin gene in 84% of the region 
coding for mRNA. When wa30.5 is compared with the 


nucleotide sequence of the mouse f"™ globin gene!! there 1s 
only 54% identity, which is not sigmificantly different from the 
58% identity found when the sequences of mouse a- and p™”- 
globin genes are compared with each other. These 
comparisons show that wa30.5 is a member of the a-globin 
family rather than the f-globin family, which confirms our 
previous hybridization data?®. Also, wa30.5 seems more 
like the mouse adult a-globin gene than the mouse embryonic 
x-type globin gene, x; the nucelotide sequence of wa30.5 
has codons corresponding to an adult a-globin amino acid 
sequence rather than to the embryonic globin sequence*‘ 
in nine discriminating positions which can be compared. 
Comparisons of the nucleotide sequence of wa305 with the 
sequences of the coding regions of all the adult a-globin genes 
for which sequence data are available show that #30.5 is 
more closely related to the mouse adult a-globin gene? (84% 
identity) than to either the human adult a-globin gene (74%) 
(S. Liebhaber and Y. W. Kan, personal communication) or the 
rabbit adult a-globin gene?* (72%). 


wa30.5 lacks both intervening sequences 

The second feature revealed by the data presented in Figs 2 
and 3 is that wa30.5 completely lacks the two intervening 
sequences characteristic of productive globin genes The 
absence of the intervening sequences in wa30.5 is clean, in that 
the nucleotide sequence immediately 5’ and 3’ to the 


contiguous in yx30.5; the nucleotide sequence in these regions 
of 030.5 is exactly the same as that seen in fully processed 
mouse x-globin MRNA (ref. 26, our unpublished observations, 
and G. N. Pavlakis and J. N. Vournakis, personal 
communication). It is as if the intervening sequences had never 
been there or had been perfectly excized. 


W230.5 is an a-globin pseudogene 

Inspection of the nucleotide sequence of ya30.5 shows that it 
has several signals which might be expected in a productive x- 
globin gene. There is a sequence (TAGAAG) at nucleotide 
positions —30 to —25 comparable to the version of the 
Pribnow-like box?” found in the productive «-globin gene 
(TATAAG) and thought to be important in the initiation of 
transcription’. There is a sequence (GGTCCAACACAC) at 
the nucleotide positions ~—1t0 to +2 comparable to the 
(GTTCGTCCTCAC) sequence postulated by Ziff and Evans?’ 
to be important in the ‘capping’ of mRNA. The expected 
translation imtiation codon (ATG) and chaim terminator 
codon (TAA) occur at the appropriate nucleotide positions 
(33-35 and 438-440). Finally, there is a sequence (AATAAA) 
at positions 514-519 which is identical to the so-called poly(A) 
addition signal (AATAAA) of Proudfoot and Brownlee’. We 
do not know whether these regions could provide adequate 
signals for all stages of normal transcription and translation, 
as the absolute requirements of these signals are not known. 
However, it is quite remarkable that, although the region of 
strong homology between 230.5 and the productive x-globin 
gene is extensive enough to include all these potential signals, 
beyond the outside signals the homology ts virtually non-existent 
isee Figs 2, 3). Thus, on the S’ (upstream) side of the two 
genes, the strong homology extends to nucleotide position 
~ 34. a few bases upstream from the Pribnow-like box*’. On 
the 3’ (downstream) side of the two. genes, the strong 
homology ends at nucleotide position 522, a few bases 
downstream from the Proudfoot-Brownlee sequence’’. The 
strong homology does not extend to the 3° end of x-globin 
mRNA, which is close to nucleotide position 541 (G. N. 
Pavlakis and J. W. Vournakis, personal communication). 

Even if y230.5 could be transcribed into RNA which was 
then processed to yield a functional message, it could not code 
for a functional x-globin polypeptide. Figure 4 shows the 
amino acid sequence which corresponds to the nucleotide 
sequence of 4730.5 on the assumption that it is translated in 
the same reading frame as the productive z-globin gene. The 
first 34 of these amino acid residues are very similar to those 
found in x globins**, but a frameshift after amino acid residue 
34, due to the addition in 230.5 of two bases, results in three 
chain terminator codons {one of each variety) shortly 
thereafter, and also causes the coded amino acid sequence to 
become unrelated (in italics) to x globin. Other frameshifts. 
due to the addition or deletion of non-integral triplets of 
nucleotides, occur elsewhere in the sequence of y30.5, and 
restore it to the z-globin reading frame briefly from residues 53 
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Because yx30.5 is clearly related in nucleotide sequence to 
an adult z-globin gene (Figs 2, 3), but could not code for a 
functional -globin polypeptide (Fig. 4), we call it an ¢-globin 
pseudogene. This terminology does not exclude the possibility 
that wx30.5 codes for a non-globin polypeptide. For example, 
it is conceivable (although unlikely) that 4230.5 codes for a 
polypeptide homologous to x globin in its N-terminal and 
C-terminal regions but shorter because of the excision of a 
currently unrecognized intervening sequence covering the 
chaim terminators caused by the frame shifts. 


The z-globin pseudogenes in two mouse 
strains are almost identical 


Comparison of the nucleotide sequences of Wx30.5 and the 
equivalent gene, x3, from BALB/c mice (Y. Nishioka, P. Leder 
and A. Leder, personal communication) shows (Fig. 2) that 
they are almost identical (>99°) identity excluding deletions 
and additions). Both lack the two intervening sequences, and 
both are pseudogenes in the sense that frameshifts would 
prevent them from producing functional globin polypeptides. 
The number of differences between the x-globin pseudogenes 
from the two strains is close to the level attributable to errors 
in sequencing: thus, relative to 230.5, the BALB/c 
pseudogene has five base substitutions and three single base 
additions or deletions 


How did the z-globin pseudogene 230.5 
evolve? 


Any evolutionary history of the «globin pseudogene, ya30.5, 
must take into account the following key observations: (1) all 
characterized productive globin genes of both x- and p-type 
have two intervening sequences at homologous places in their 
coding regions; (2) 4030.5 lacks the intervening sequences 
cleanly: (3) w30.5 is much more closely related to an adult 
a-globin gene than to the f-type genes, and more to the mouse 
than to the human or rabbit adult a-globin genes: (4) 230.5 
could not code for a functional globin polypeptide. 

The first of these key observations has led to the suggestion 
by Leder et al? that two intervening sequences became 
evolutionarily fixed in primitive globin genes before the x- and 
B-type genes diverged. If this is correct, three general types of 
evolutionary history can be suggested for ya30.5. Each has 
problems, and we have no means of excluding any of them, 
although we favour the second. 

First, ¥230.5 could be the present-day descendant of an old 
duplicate of a primitive globin gene which had never had 
intervening sequences. In this case, there are two important 
residual problems. Why did the pseudogene persist for so long, 
especially after it became unable to produce a functional 
globin chain? What mechanism or selective pressures caused it 
to co-evolve with the productive globins genes to the extent 
that it is recognizably related to an g-globin gene and 
particularly to a mouse adult a-globin gene? The simplest 
explanation for the evolutionary persistence of pseudogenes ts 
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Fig. 3 A schematic comparison of the nucleotide sequences of the productive adult -globin gene and of the pseudogene 230.5. The central 
two parallel horizontal lines represent regions of the two genes which are directly comparable. Each nucleotide identical in the two sequences 
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nied by a vertical stroke between these two horizontal lines; therefore, dark regions represent segments of extensive nucleotide 
in their lengths, and indicate the number of nucleotides in each length 


difference. (The triangle labelled 1.1 represents two single base additions separated by one base.) Triangles are drawn above the parallel lines 
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adult x gene is longer, and below the lines when pseudogene 230.5 is longer. Two vertical arrows show where a-globin MRNA 


begins and ends. 


anamanna NEA AUN eb ANNULAR A ANN E 





amenan tam peters sarees oof sateet tu ONE eene cm m enaena tea y taam A tt aaae a Rotem OAN ECON ot 


Pa — asain etanrenmeyre espa asasarea rire aaa rt 
aaa avins ta erna esi s. mer 


Gue a yee uAspLysAlaAspValArgThrYalTrpAspLysSerAlaGlyArgAlaAspřerGlyAla 


27 
GluAlaLyaGlyArgMetPheGlySerI LeSerProProArgProThrserLeuThrLeuMet * AlaSerdAlaArg 


Sc ccenes 57 
ProGlinValGinGlyden * CysThrGly * CysCysLyeProTrpProdlatepCysProl LeGlySerGluGin 


Prod LaleuProgind LaserCysGiySerArgThrThrsarserSer * AlaThrAlaCyeIvp * ProArgleu 


134...136 


AlaProProcys x PheTyrProSerProArgGlyAlaCyeleuSer x GlnlleProCysLeuCysTbrValLe 


ThrSerLysTyr *  * 


Fig. 4 The amino acid sequence corresponding to the 
nucleotide sequence of 230.5 on the assumption that it is 
translated in the same reading frame and from the same initiator 
codon as the productive a-globin gene. The numbered scales 
show amino acid residue numbers in g globins. In frame a-globin 
amino acids are underlined. Amino acids in a different reading 
frame from a globin, or that have never been seen in an g globin, 
are italicized. Asterisks indicate chain terminator codons. 


that they serve some important function, even though they are 
unable to code for globin polypeptides. The similarities 
between wa30.5 and the adult « gene might then be a 
consequence of strong selective pressures keeping their 
sequences from diverging, or it might be due to the existence 
of mechanisms other than selection for maintaining similarities 
between related genes within a species. Recent nucleotide 
sequence data from our laboratory suggest that the human °y 
and “y fetal globin genes have remained very similar as a 
result of intergenic exchanges of DNA occurring during 
recombinational events comparable to gene conversion’ ’. 

Second, ¥a30.5 could be the descendant of a much more 
recent duplicate of a mouse adult a-type globin gene which 
had both intervening sequences. In this case, the important 
residual problem is explaining how they were then lost so exactly. 
The exact loss of both intervening sequences by random 
deletions at the DNA level would require an improbable series 
of events the selective advantages of which are individually 
difficult to imagine. It is easier to imagine that a molecular 
mechanism exists able to remove intervening sequences exactly 
from DNA in a fashion comparable to that used at the RNA 
level. Evidence in support of such a mechanism is provided by 
recent data on the preproinsulin genes of chicken?!, rat™ 3? 
and human**. All three species have a preproinsulin gene, 
with two intervening sequences in homologous positions. 
However, the rat, unlike the chicken and human, has an 
additional functional preproinsulin gene containing only the 
smaller first intervening sequence. Bell et al??? and Perler et 
al.*! postulate that the two rat genes arose from a duplication, 
after which the larger intervening sequence was eliminated 
from one of the genes. 

Third, a completely different type of evolutionary scheme 
can be imagined whereby wa30.5 was recently derived from 
mouse adult a-globin mRNA. It is conceivable that a reverse 
transcript of a mouse a-globin mRNA was reintroduced into 
the genome, perhaps by recombination with a pre-existing 
a-globin gene. We know of no precedents for this type of 
mechanism except those related to the retroviruses, although 
the general concept was strongly advocated by Temin** in his 
protovirus hypothesis. This type of evolutionary scheme faces 
a major problem in accounting for the introduction of the 
reverse transcript into the germ line, because globin mRNA is 
normally produced in erythropoietic cells belonging to a cell 
lineage that is developmentally and temporally separated from 
the germ-cell lineage. Although the reverse transcript scheme is 
in general compatible with the sequence data for wa30.5, 
special explanations would be required to account for the fact 
that the extent of the homology between the wa and æ genes 
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does not coincide exactly with the mRNA boundaries. 


Have globin pseudogenes any function? 


430.5 is not unique in being a globin pseudogene. Maniatis 
and his collaborators have isolated several globin-related DNA 
sequences which cannot be identified with known globin 
polypeptides. In rabbits a gene, Gesigeiated B,, 38 found 5' to 
the productive adult f gene*’; it has limited sequence 
homology to adult and embryonic f-globin probes, it lacks a 
detectable mRNA transcript in the erythroid tissues examined 
(anaemic blood and bone marrow), and its larger intervening 
sequence does not hybridize to the larger intervening sequence 
of the productive adult f-globin gene**. Similar saben 
(WB, and wB,) which do not correspend to any of the f-type 
globin polypeptides have been identified in humans”? WB, is 
on the 5’ side of the productive adult p-type genes, and Wf, is 
on the 5’ side of the embryonic e gene. A gene, Yap which 
does not code for any known globin polypeptide, has also 
been identified on the 45’ side of the two productive human 
adult genes'*®. Thus, each of these unusual genes is located in a 
comparable position on the 5’ side of productive globin genes. 
(Note, however, that the position of 4230.5 in the mouse 
genome is not yet known.) 

Although the human sequences wf, and Wf, have not been 
studied in detail, the nucleotide sequences of both the rabbit 
genef, (E. Lacy and T. Maniatis, personal communication) 
and the human gene wa, (N. Proudfoot and T. Maniatis, 
personal communication) have been found to differ from the 
sequences of the corresponding preductive globin genes in 
several ways which would make them incapable of coding for 
functional globin polypeptides. They are consequently also 
pseudogenes, although they differ from the pseudogene ya30.5 
in having intervening sequences. However, their intervening 
sequences are unusual in ways which would be expected to 
prevent them from being spliced owt in the normal manner 
(E. Lacy, N. Proudfoot and T. Maniatis, personal 
communication). Thus, there are pseudogenes having unusual 
{or absent) intervening sequences associated with productive a- 
and f-type globin genes in all species for which detailed 
information is available. This leads us to conclude that they 
are probably important, and it is attractive to consider them 
as controlling, in some fashion, the productive globin genes. 
We think it unlikely that the glotin pseudogenes are dead 
genes without function. 


How might pseudogenes control productive 
genes ? 

We are investigating the possibility that pseudogenes might be 
‘diverting genes’ able to modulate the expression of productive 
genes by diverting transcription into a degradative pathway. 
This possible mode of action of pseudogenes has two 
prerequisites: first, that each globin pseudogene and its related 
productive genes are members of the same transcriptional unit, 
although not necessarily of the same transcript; second, that a 
mechanism exists to select which portion of this unit is used. If 
the pseudogene portion is selected for transcription from the 
unit, the transcript would be degraded because the pseudogene 
lacks normal intervening sequences. If a productive gene 
portion is selected, processing of the transcript, transport out 
of the nucleus and translation could occur normally. Examples 
of processes similar to those envisaged here can be found in 
the literature: in adenovirus type 2, different portions of the 
late transcript are used in different mRNAs?*; in a globin- 
SV40 system, transcripts not associated with normal 
intervening sequences do not yield globin polypeptides? 7". 

A second possibility is that wo30.5 is an ‘antigene’, by which 
we mean that wa30.5 is transcribed from the opposite 
(complementary) strand of DNA from that used im the 
productive gene. Such an anti-teanscript would have the 
potential for forming an RNA-RWA heteroduplex with the 
productive gene transcript in a manner similar to that 
proposed by Davidson and Britten’? for the transcripts of 
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some repetitive DNAs. The resulting structure, with a form 
similar to that shown in Fig. 3, might function as a positive 
controlling element in erythroid tissues, or as a negative 
element in non-erythroid tissues. (This idea does not exclude 
the possibility that pseudogene anti-transcripts form ternary 
complexes with the transcripts of the corresponding productive 
genes and the small stable nuclear RNAs recently implicated 
in RNA processing by Lerner et al. and Rogers and 
Wall??:*°) 

Preliminary experiments aimed at exploring the 
transcriptional status of the 30.5 pseudogene have been 
done in erythroid tissue. We prepared °**P-end-labelled 
fragments from Ya30.5 DNA which could be used as specific 
probes for the ‘sense’ and ‘antisense’ transcripts of the 30.5 
pseudogene. We tested, by the Berk and Sharp procedure*?. 
the ability of total RNA from mouse fetal liver cells (an 
erythroid tissue) to form RNA-DNA hybrids capable of 
protecting these probes from S, nuclease. We have been 
unable in these preliminary experiments to find evidence for 
significant protection by the fetal liver RNA of either the sense 
or the antisense probes derived from wa30.5, using conditions 
which allow easy detection of globin precursor RNA (A. J. 
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Kinniburgh, personal commmunication). Thus, if the 
pseudogene is transcribed in erythroid tissues, its available 
transcript must be at a steady-state level lower than that of 
globin precursor RNA. This result agrees with that already 
cited for the rabbit pseudogene f, (ref. 22). 

The general hypothesis that pseudogenes control the 
productive genes in some fashion, nevertheless, remains 
attractive and we are investigating the hypothesis further, 
including tests in  non-erythroid tissues. Certainly, the 
widespread occurrence of globin pseudogenes argues strongly 
for their functional importance. 
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Proximity of mRNAS’-region and 18S rRNA in 


eukaryotic initiation complexes 
Kunio Nakashima*, Edward Darzynkiewicz+ & Aaron J. Shatkin 


Roche Institute of Molecular Biology, Nutley, New Jersey 07110 


Messenger RNA was covalently linked to 18S ribosomal RNA in eukaryotic 40S and 80S initiation complexes by 
photoreaction with an RNA cross-linking agent, 4'-substituted psoralen. The sites of interaction of the mRNA capped 


5'-region included some 3'-ends of 18S rRNA. 





AN early step in protein synthesis is the binding of mRNA to 
ribosomal small subunits. The resulting initiation complexes 
in prokaryotes apparently are stabilized by base pairing 
between the 3’-terminal sequence of 16S ribosomal 
RNA,...CCUCCUUA, and a purine-rich nucleotide stretch 
located in mRNA on the 5-side of the AUG initiator 
codon!~*. The suggestion that mRNA-rRNA interactions are 
similarly involved in the initiation of eukaryotic translation* 
has been a topic of considerable speculation®~°. Comparative 
analyses have demonstrated a highly conserved 3’-terminal 
sequence in the small rRNAs of Escherichia coli’, Bacillus 
stearothermophilus'® and maize chloroplast! as well as in 
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yeast'?, slime mould, wheat, silkworm, mouse*, rat? and 
rabbit'* but the CCUCC sequence implicated in prokaryotic 
initiation is absent from eukaryotic 18S rRNA. Thus, 
conservation of the 3’ sequence may be related to rRNA 
processing or events other than initiation of protein synthesis. 
However, some eukaryotic virali and cellular'® mRNAs 
contain within their noncoding 5 region nucleotide sequences 
complementary to the 3’ end of 18S rRNA and consequently 


at least could contribute to stable initiation complex 
formation. 
Psoralens are tricyclic photoreactive compounds that 


intercalate into nucleic acids. Irradiation of polynucleotide- 
bound psoralen with long wavelength UV light produces 
adducts with pyrimidine bases. Because psoralens are 
bifunctional agents, they can also form cross-links between 
interacting pyrimidine-containing nucleotide sequences'’. 4’- 
Substituted derivatives of psoralen with improved 
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photoreactivity have been synthesized recently and have 
already proved useful for investigating genome structure— 
function relationships in RNA viruses'®. For example, 
photoreaction of reovirus with 4- -aminomethyl-4,5',8- 
trimethylpsoralen (AMT) produced RNA-RNA cross-links 
between the two complementary strands comprising the viral 
genome and inactivated its template function for the virion- 
associated RNA polymerase’®. These findings suggested that 
AMT photoreaction would be useful for probing other types 
of nucleoprotein complexes, such as those formed between 
mRNA and ribosomes during initiation of protein synthesis. 
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Fig. 1 Cross-linking of reovirus mRNA to 18S rRNA in wheat 
germ 40S initiation complexes. Reovirus mRNA radiolabelled 
with *H-methyl in the 5’-terminal cap, m’GpppG™ and internally 
with “*P-UMP was synthesized in vitro as described 
previously**?. The viral mRNA was nicked to fragments 
sedimenting at 4-6S by incubation in 50mM NH,HCO,,. pH 10, 
at 98°C for 3 min. The fragments were used to form 40S 
initiation complexes by incubation in wheat germ translating 
extracts in the presence of 0.2mM_ sparsomycin to block 
elongation and 0.4mM guanosine-5’- (B,y-methylene)triphosphate 
to decrease 60S subunit joining to 40S-mRNA complexes*?. 
Complexes were isolated by centrifugation for 4h and 189,000g 
in the SW40 rotor in 10-30% glycerol gradients containing 
10mM Tris-HCl (pH7?.4), 0.75mM Meg acetate and 70mM 
KCI?°. Fractions containing 40S initiation complexes (which also 
included free 60S subunits} were combined and irradiated with 
long wavelength UV light for 20 min at 0°C in the absence (a) 
and presence (b) of 28x10°*M  4’-aminomethy!-4,5'8- 
trimethylpsoralen (AMT) as described  previously**. The 
irradiated mixtures were incubated at 37°C for Ih with 
proteinase K (imgml”') and 0.5%, SDS, and the RNA was 
extracted with water-saturated phenol and analysed by 
centrifugation (SW-41, 131,000g, 16h, 5°C) in 10-30%; glycerol 
gradients containing 50mM Tris-HCl, pH 7.4, 150mM NaCl and 
imM EDTA. Fraction aliquots were counted in Aquasol (NEN) 
after determining the Ajgoam- 


We have used this approach to look for RNA-RNA 
interactions between the ends of radiolabelled mRNA and 
rRNA in eukaryotic initiation complexes. 


Cross-linking of reovirus mRNA and 18S rRNA 
in wheat germ 40S and 80S initiation complexes 


Most eukaryotic mRNAs are monocistronic. During initiation 
of translation ribosomes bind to mRNA at or near the $’ cap 
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and re-position, perhaps by a scanning mechanism, at the 3’- 
proximal AUG codon to start polypeptide synthesis°®. Previous 
studies with reovirus mRNA and mRNA fragments labelled 
with 7H-methyl in the 5’ cap, m’GpppG", and at internal sites 
with 7P have demonstrated that capped molecules are 
selectively bound to ribosomes*°-??. Thus when °H-methyl, 
32P-_UMP labelled, alkali-fragmented reovirus mRNA (chain 
length ~ 200 nucleotides) was incubated in wheat germ cell- 
free translating extract in conditions cf 40S initiation complex 
formation, 32° of the `H and 4° of the FP was bound to 
ribosomal small subunits and sedimented in a glycerol 
gradient in a position close to 40S subunits; similar results 
have been described previously?*:**. To determine whether 
mRNA and rRNA were closely apposed in these complexes, 
pooled fractions from the 40-608 region of the gradient were 
irradiated at 4352, in the presence and absence of the RNA 
cross-linking agent, AMT, and the RNA was extracted from 
the initiation complexes and analysed by gradient 
sedimentation. As shown in Fig. la, initiation complexes 
irradiated in the absence of AMT yielded labelled mRNA 
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Fig. 2 Cross-linking of reovirus mRNA to i8S rRNA and 
covalent binding of “H-AMT to rRNAs in wheat germ 80S 
initiation complexes. Radiolabelled reovirus mRNA fragments 
were incubated as in Fig. 1 except that mixtures contained 
0.2mM GTP in place of guanosine-5’-(3,7-methylene jtripbosphate 
to obtain 80S complexes. Complexes containing double-labelled 
fragments were isolated by glycerol gradient centrifugation and 
UV-irradiated in the absence (a) or presence (4) of 2.8 = f0°4M 
AMT. For c, fragments were prepared from mRNA synthesized 
in the presence of all four [o-?*P]labelled ribonucleoside 
triphosphates and unlabelled S-adenosylmethionine, and the 
incubation mixture, rather than isolated initiation complexes, was 
irradiated for 20min in 1 a 10°*M *H-labelled AMT (specific 
activity 14x 10°c.p.m. g`’. RNA was extracted and analysed 
by glycerol gradient NN as described in the legend to 
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fragments that sedimented at the top of the gradient, well- 
separated from the rRNAs. By contrast, complexes that were 
irradiated in the presence of AMT yielded a significant portion 
of both the `H (28%) and **P (25%) sedimenting in a 
ai slightly faster than the small ribosomal RNA (Fig. 

Like 40S imtiation complexes, 80S complexes irradiated 
with AMT also yielded a large fraction (38%) of the 
radioactive mRNA fragments cross-linked to 18S rRNA (Fig. 
2a,b). Apparently there was little interaction of mRNA 
fragments with the large rRNA in initiation complexes. 
However, the rRNAs in both ribosomal subunits were 
accessible to psoralen photoreaction. As shown in Fig. 2c, in 
conditions which resulted in crosslinking of °?P-labelled 
mRNA fragments to 18S rRNA, both rRNAs formed °H- 
labelled AMT adducts; psoralen average molar ratios were 0.8 
and 1.5 for the small and large rRNAs, respectively. 
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Fig. 3 Croee-hnking of vesicular stomatitis virus mRNA to 183 
rRNA in reticulocyte 80S initiation complexes. *H-methyl- 
labelled viral mRNA containing all radioactivity in the 5’- 
terminal cap, m’GpppA™ was synthesized in vtro in the presence 
of 2pM S-adenosyit-[Mo-*H] methionine (specific activity 70Ci 
mmol—!)*5. Rabbit reticulocyte lysates (treated with haemm)*° 
were used to form 80S initiation complexes as ım Fig. 2. Gradient 
fractions contaming complexes were combined, irradiated in the 
absence (a) or presence (b) of 28x10°*M AMT, and the 
extracted RNA analysed as described for Fig. |. 


Results essentially the same as those in Figs 1 and 2 were 
obtained with intact mRNA and when sedimentation analyses 
were done in denaturing conditions in 99% Me,SO-sucrose 
gradients, although the ribosomal and mRNAs were less weil 
resolved. With either intact mRNA or fragments, interaction 
with 18S rRNA was dependent on initiation complex 
formation. Cross-linked hybnd molecules were not obtained 
by AMT photoreaction of a mixture of mRNA and purified 
rRNAs. Furthermore, cross-linking of >H-methyl, °*P-AMP- 
labelled mRNA to rRNA was not observed following AMT 
photoreaction of incubation mixtures that were complete 
except for the absence of ATP which is required for mRNA 
binding to ribosomes?*:?°. 
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Interaction of 18S rRNA with other 

mRNAs in rabbit reticulocyte and 

wheat germ initiation complexes 

Various other 5’-terminally labelled viral mRNAs including in 
vitro transcripts synthesized by the virion-associated RNA 
polymerases of vesicular stomatitis (VSV), influenza and 
cytoplasmic polyhedrosis (CPV) viruses and genome RNAs of 
tobacco mosaic (TMY) and satellite tobacco necrosis (SSTNV) 
viruses were tested. Each of these RNAs interacted with the 
18S rRNA in wheat germ initiation complexes as detected by 
AMT photoreaction (data not shown). In addition, 40S and 
80S initiation complexes formed in rabbit reticulocyte lysates 
gave results similar to those obtained in the wheat germ 
system. For example, when initiation complexes of reticulocyte 
80S ribosomes and fragmented VSVY mRNA containing 5’- 
terminal °*H-methyl-labelled m’GpppA™ were photoreacted 
with AMT, 47% of the ribosome-bound radioactivity cross- 
linked to, and sedimented with the 18S rRNA (Fig. 3). 

Capped ribopolymers, synthesized by incubating 
polynucleotide phosphorylase, ribonucleoside diphosphates 
and *H-methyl-m’GpppG"-C m primer-dependent conditions, 
have proved useful for studies of structural and compositional 
effects on mRNA binding to ribosomes?’. Capped poly(U) 
forms only 40S initiation complexes with wheat germ 
ribosomes while capped poly(A,U) associates with 80S 
monosomes?’. However, as observed with natural mRNA, 
AMT photoreaction of the 40S-capped poly(U) complexes or 
of the capped poly(A, U}40S and 80S complexes resulted in 
polymer cross-linking to 185 rRNA only (data not shown). 


Sites of cross-linking of 18S rRNA 
to 5’ end of mRNA 


Initially we attempted to test whether the 3’ region of 185 
rRNA interacts with mRNA during initiation by using 

ribosomes but were unsuccessful in radiolabelling 
the 3’ terminus of rRNA in situ by incubating wheat germ 
extracts with °>*P-pCp and RNA ligase?®. Instead we used the 
same technique to label purified, cross-linked hybrids of 18S 
rRNA and mRNA fragments isolated from AMT-photoreacted 
wheat germ 80S initiation complexes. They were formed with 
5’ 3H-methyl-labelled reovirus mRNA that had been treated at 
pH 10 before ribosome binding to produce mRNA fragments 
containing a 3’-terminal phosphate. As a consequence, **P- 
pCp-labelling of the cross-linked RNA-RNA complexes was 
apparently limited to free hydroxyl groups at the 3’ end of the 
rRNA strands. The radiolabelled sample, which included an 
excess of 18S rRNA from ribosomes that did not bind mRNA 
in addition to rRNA-mRNA complexes, was digested with 
RNase T,. The resulting oligonucleotide fragments were 
loaded onto a column of acetylated dihydroxyboryl (DBAE)}- 
cellulose in conditions that result in the selective binding of 
those oligonucleotides that contain 2',3’-cis-diols?®. Since the 
3P was present as °*P-pCp at the 3’ end of rRNA (and T, 
RNase digestion results in oligonucleotides with a 3’-terminal 
phosphate), 99 % of the *?P-labelled fragments did not bind to 
the resin. The *H radioactivity, however, bound to the oxtent 
of 78% as expected for mRNA fragments containing 5- 
terminal m’?G* ppp* G™, that is, a 2',3’-cis-diol in the 5’-linked 
m’G (ref. 30). The bound oligonucleotides were eluted and 
rechromatographed on DBAE-cellulose. There was 
quantitative binding of the *H-labelled material, and more 
than 70% of the **P-labelled oligonucleotides were retained 
on the resin in the second pass (Fig. 4a), presumably due to 
cross-linking to capped mRNA fragments since in the absence 
of AMT photoreaction there was little °*P rebinding. 

The DBAE-bound sample was eluted and analysed by 
electrophoresis in a 20% polyacrylamide gel in denaturing 
conditions in 7M urea. Although the capped oligonucleotides 
released from at‘least six of the reovirus mRNA species by 
RNase T, digestion are 8 to 10 nucleotides long®’, the °H- 
labelled cross-linked sample migrated as a broad peak of 
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chain length ~15 to ~35 nucleotides as estimated from 
the position of marker dyes, bromophenol blue and xylene 
cyanol (Fig. 4b). The **P-labelled oligonucleotides were 
resolved into a fraction that co-migrated with the peak of 
`H and a larger, more heterogeneous component near the 
xylene cyanol dye. On the basis of the known 3- and 5- 
terminal sequences of rRNA and reovirus mRNAs, RNase T, 
treatment would release from 3’-°*P-pCp-labelled wheat germ 
18S rRNA® the radioactive oligonucleotide, AUCAUUG-77P 
and from a mixture of “H-methyl-labelled reovirus mRNAs, 
several 5'-capped A,U-rich oligonucleotides of chain length 8- 
10 nucleotides*'. Cross-linking by AMT of the rRNA 3’ end to 
mRNA 5’ fragments would result in hybrids of minimum size 
~ 15-17 nucleotides, a value corresponding reasonably well to 
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Fig. 4 Analysis of RNase T, digest of 5’ *H-methyl labelled 
reovirus MRNA cross-linked to 3’-*7P-labelled 18S rRNA. Wheat 
germ 80S initiation complexes were isolated, photoreacted with 
AMT and the cross-linked complexes of mRNA fragments with 
18S rRNA were obtained as in Fig. 1. rRNA in the complexes 
was radiolabelled at the 3’ end by incubation with 7*P-pCp and 
T, RNA ligase’®. After digestion with RNase T, (200ug RNA, 
100 units T, in 0.5ml 20mM Tris-HCl buffer pH 8 containing 
0.1mM EDTA) at 37°C for 1h, the digest was added to 2ml of 
buffer A°® and applied to a column (0.6% 5cm) of acetylated 
dihydroxyboryl-substituted cellulose (DBAE-cellulose). After 
extensive washing with buffer A, bound material was eluted with 
1M sorbitol in buffer A and precipitated by addition of 3 
volumes of ethanol and standing overnight at ~—20°C. The 
precipitated RNA was recovered by centrifugation and 
rechromatographed on DBAE-cellulose (a). Aliquots of fractions 
were counted in Aquasol. The RNA in fractions 85-115 (arrow 
indicates start of sorbitol elution) was recovered by ethanol 
precipitation and analysed by electrophoresis in a 20%; 
polyacrylamide gel in the presence of 7M urea. The 0.6 10cm 
cylindrical gel was fractionated into Imm slices that were 
dissolved in 18°, H,O, before counting in Aquasol {b}. XC, 
xylene cyanol dye; BPB, bromophenol blue dye. 
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Fig. 5 Nucleotide sequence analyses of 185 rRNA and mRNA~ 
rRNA complexes. AMT cross-linked complexes of mRNA and 
18S rRNA that had been 3’-end labelled with *°P-pCp, RNase T, 
digested and selectively bound to DBAE-cellulose two times 
(fractions 85-115 in Fig. 4a) were recovered by ethanol 
precipitation and irradiated with short wavelength UV light 
(254nm) for 2h at O°C in conditions that photoreverse AMT 
cross-links??. After photoreversal, the “P-labelled fragments were 
analysed by partial enzymatic digestion and polyacrylamide gel 
electrophoresis** in comparison with 3-terminally °?P-labelled 
18S rRNA. a, Wheat germ 18S rRNA labelled at the Y end with 
**P-pCp; b, RNase T, fragment from photoreversed rRNA- 
oligonucleotide. OH, alkaline hydrolysate: T,, U, and Phy, the 
respective RNase digests using conditiens described previously*’; 
Con, RNase T, fragments from phetoreversed complexes not 
further digested. 


the double-labelled peak at fractions 46-47 in Fig. 46. The 
formation of cross-links involving pyrimidine residues distal to 
the 3’ end T, fragment of rRNA might have two related effects 
consistent with the higher PAH ratio in the longer 
oligonucleotides: increased accessibility of the 3° end for 3° Pp- 
pCp addition by RNA ligase and decreased susceptibility for 
complete cleavage by RNase T,. Alternatively the radioactivity 
profiles may reflect cross-linking of some mRNA 5 ends to 
other sites in the 18S rRNA. Results similar to those in Fig. 4 
were obtained with reovirus mRNA-1I8S rRNA cross-linked 
fragments from wheat 40S and rabbit 80S initiation complexes. 

To confirm that the DBAE-bound, °*P-labelled 
oligonucleotides included 3’ ends of 18S rRNA, the cross- 
linked, double-labelled fragments eluted from the resin were 


the rRNA in non-denaturing conditions yielded patterns 


COOL AC Cee LN ana ra E S a aa a YARN AEA eminem A a E a r a a 


consistent with the published 3’ sequence® including a 
nuclease-resistant, presumptive hairpin structure extending 
from about residue 10 to 30 (Fig. 5a). Although some of the 
radioactivity in the irradiated oligonucleotide sample remained 
near the gel origin, the released 2p. labelled material migrated 
in a position corresponding to the T, limit oligonucleotide of 
rRNA (Fig. 5b, Con, arrows). This pligonuicieo tiie yielded a 


series of shorter products on digestion with alkali (OH). 
RNase T, treatment released some radioactivity which 
migrated near position | as in T, digests of rRNA, but most 
of the oligonucleotide remained undegraded (T,). It was also 
relatively resistant to Physarum RNase I in these partial 
digestion conditions (Phy). RNase U, treatment yielded two 
additional bands that corresponded in position to 
oligonucleotides obtained from rRNA by U, digestion (U,). 
These results indicate that the DBAE-selected, cross-linked 
fragments included some of the °*P-pCp-labelled 3’-terminal 
T, oligonucleotide from 18S rRNA. 


Role of base pairing 


Several lines of evidence? >46 support the early suggestion 


that initiation codon selection in prokaryotic mRNAs is 
influenced by base pairing between the 3’ sequence of 16S 
rRNA and a polypurine region about 10 nucleotides to the 5 
side of the initiator triplet. Similar kinds of experiment in 
eukaryotes have not been reported, but sequences 
complementary to the conserved 3’ end of 18S rRNA occur in 
the 5’ noncoding regions of many eukaryotic mRNAs. In some 
cases me e is Tuning vuh Succ sanik 
same range as prokaryotic initiator regions!’ eae 38 and in 
polyoma virus mRNA the 5S’ leader contains multiple copies of 
such a sequence®”. In other functional eukaryotic mRNAs, 
including species of reovirus®! and VSV mRNA*®. the 
potential for stable base pairing between 5’ ends and 18S 
rRNA 3-termini is so low as to suggest that it could have at 
most a minor influence on initiation, indicating that this type 
of base pairing is not obligatory for eukaryotic protein 
synthesis. The observation that the translation of prokaryotic 
virus mRNAs in wheat germ extract is strongly enhanced after 
enzymatic addition of a 5’ cap supports this conclusion?! 

In an effort to test experimentally whether mRNAs interact 
with rRNAs auring puka yoti initiation, _we Race used 


agent, AMT. By using *H-methyl- labelled ppd mRNA and 
3?P-pCp-labelling of rRNA, we detected cross-linking between 
mRNA 3S’ fragments and 18S rRNA 3’ sequences in both 405 and 
80S initiation complexes. It is not clear if cross-linking occurs 
at many sites in the 18S rRNA or is restricted to the 3’ end. 
Although the findings indicate that the opposite ends of 
mRNA and 18S rRNA are proximally located at least in some 
initiation complexes, the interaction clearly is not strictly 
homologous to ‘Shine and Dalgarno’ eid structures, 
One obvious difference noted previously? is the variation 
among eukaryotic mRNAs in the position of the rRNA 
complementary sequences relative to the initiator AUG, 
compared with the fixed position in prokaryotic mRNAs. 
However, since different 5’ leaders precede the initiator codon 
in eukaryotic MRNAs and ribosomes apparently re-position at 
the 5’-proximal AUG after attaching near the cap®, 18S rRNA 
3’-complementary sequences with functional effects on 
initiation could occur at different places within the $ 
noncoding region of various MRNAs. Another consideration ts 
that some mRNAs, and particularly synthetic mbopolymers 
such as capped poly(U), contain too few S’-proximal 
nucleotides complementary to the 37 sequence of 18S rRNA to 
form a stable base-paired structure of the prokaryotic type. By 
the cross-linking method capped poly(U), as well as mRNAs 
like adenovirus hexon mRNA which can form a stable base- 
paired structure between 5’ leader sequences and 18S rRNA 3 
ends'>, would be fixed to [8S rRNA by the formation of AMT 
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diadducts Beis pyrimidines that are even transiently 
juxtaposed. In some cases cross-linking presumably could also 
occur without base-pairing by the sequential reaction of AMT 
with two pyrimidines. 

It is important to emphasize that although initiation- 
dependent interactions, perhaps base-pairing, between mRNA 
S’-terminal regions and 18S rRNA can be detected by AMT 
cross-linking, their functional role if any in eukaryotic protein 


synthesis remains to be established. However, a stable 
interaction compatible with base-pairing has been 


demonstrated between 18S rRNA and globlin mRNA in 40S 
initiation complexes formed in a reconstituted mammalian 
cell-free protein synthesizing system (B. Erni and T. Staehelin, 
personal communication). It may be possible to test whether 
this interaction has a function in translation by using cloned 
rDNA including specific fragments complementary to the 3’ 
end of 18S rRNA?4 35.42, 

We thank Alba LaFiandra and Maureen Morgan for 
assistance, Drs M. Kozak and Y. Furuichi for discussion, Dr 
J. Hearst for “H-AMT, and the following for gifts of virus or 
viral MRNA: Drs A. Marcus (TMV), J. Clark (STNV), Y. 
Furuichi (CPV), A. Banerjee (VSV) and R. Krug (influenza 
virus}. 


Note added in proof: Recent studies indicate that mRNA 
cross-linking ts mainly within the ribosome-protected region. 
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Seven monoclonal antibodies have been produced against a membrane preparation from adult rat retina. Three 
antibodies reacted with particular regions of rat photoreceptor cell surfaces: RET-P1 labelled thz cell bodies, outer and 
inner segments (rods but not cones), RET-P2 labelled only outer segments and RET-P3 labelled only the cell bodies. 
Three antibodies reacted with glial cells; RET-G2 and RET-G3 were specific for Müller cells, RET-G1 also labelled glia 
elsewhere in brain. The seventh antibody (RET-N1) reacted with many types of neuronal cells, 





It is widely believed that differences between classes of neural 
cells are expressed in part by distinct patterns of cell-surface 
molecules'~*, Cell-surface molecules such as transmitter 
receptors and ion channels are basic to the function of the 
nervous system*°, These and other surface molecules may be 
important in determining the exquisite specificity of synaptic 
connections. 

Antibodies are almost uniquely suited for the detection of 
such cell-surface molecules since they can be used in 
histochemical assays to resolve single cells in mixed cell 
populations; they can be used in quantitative biochemical 
assays to determine the amount, molecular nature and tissue 
distribution of the antigens recognized; and perhaps most 
importantly, they can be raised against essentially any antigen 
or cell type of interest. Progress in producing antibodies 
against any but the broadest classes of neural cell types has, 
until recently, been hindered by the heterogeneity of the 
immune response generated against the available antigens®~’. 
The technique introduced by Milstein and co-workers'®"}, 
whereby antibodies are produced by cloned cell lines, has 
overcome many of these difficulties. Such monoclonal 
antibodies have already been of great value in biochemical, 
functional and genetic analyses of cell surface molecules!?~'*, 

We have chosen the visual system, and particularly the 
retina, as a model system in which to study the differences in 
cell-surface molecules of different subclasses of neural cells. 
This system has the advantage that many of the cells involved 
in the transmission of visual information from the 
photoreceptors to the primary visual cortex have been 
identified and reasonably well characterized with respect to 
their physiological responses and synaptic interactions!® 8., 
The retina has the additional advantages that it is readily 
accessible, it has only seven basic neural cell types, its layered 
structure generally allows assignment of cell type from position 
alone’”, and it is a region of the vertebrate central nervous 
system (CNS) from which single dissociated cells have been 
isolated and successfully used in physiological’? and 
biochemical studies?! 3? 

This article describes initial observations on seven 
monoclonal antibodies that recognize cell-surface molecules of 
rat retina. Three of these antibodies react with photoreceptors, 
although each stains subregions of the cell surface in a distinct 
way. Three antibodies react with Müller cells, the main glial 
cell type of retina, and the seventh reacts with many classes of 
neuronal cells throughout the brain. 


Production and immunological characterization 
of antibodies 

Retinas were dissociated from adult CD rats (Charles River 
Breeding Laboratories) and a crude membrane pellet prepared 
as described by Barclay et al.2*. Female BALB/c mice were 
given two intraperitoneal injections of 200ug of membrane 
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protein in Freund’s adjuvant 3 weeks spare Three weeks after 
the second injection mice were giver an intravenous injection 
of 100pg of membrane protein ir saline. Four days later 
spleens were removed and used for fusions. Spleen cells were 
fused with either P3-NS1/1-Ag4-1 or 8653 myeloma cells (gifts 
of C. Milstein and P. Goodfellow, respectively), and _ bybrid 
cultures selected and cloned as deser:bed previously! 5*4 

Hybrid- and clone-culture supernatants were tested ior 
antibody activity using an indirect trace radioactive binding 
assay as described by Williams**. Target particles consisted of 
adult rat retina that had been lightly homogenized and 
fixed with 0.5%  paraformaldehyde*®. Bound mouse 
immunoglobulin was detected usimg a '**I-labelled F(ab’), 
fragment of an affinity-purified rabbit anti-mouse IgG 
antibody. 

The seven antibodies described here have been selected from 
the products of four separate fusions. All seven antibodies 
were found to be of the IgG1 subclass when tested by 
Ouchterlony double diffusion against subclass-specific sera. 

The antibodies were initially selected for study because the 
early culture supernatants did no: react in a binding assay 
with rat thymocytes or by immunofluorescence with a 
fibroblast cell line grown out from newborn rat lung (data not 
shown). Thus they seemed to recognize antigens that were not 
expressed by all rat tissues. To stucy the antigen expression by 
different tissues in a more quantitative way, each antibody was 
absorbed with crude membrane preparations from retina, 
cerebral cortex and cerebellum, wath liver as a contro! non- 
neural tissue. The amount of membrane needed to inhibit 
antibody-binding activity by 50°. was determined (see Table | 
legend) and was used as a measure of the level of antigen 
expression of that particular tissue (Table 1}. Because these 





Table § Tissue distribution of antigens recognized by anti-retina antibodies 
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Antibody Antigenic activity of membrane 
Retina Cortes Cerebellum Liver 
RET-P] sü F <} <i 
RET-P2 2,326 o <} <] 
RET-P3 1S e <j <i 
RET-GI 238 |, 72e 600) <i 
RET-G2 87 < 1,3 7 
RET-G3 100 a ` 8 
RET-NI 312 9. 161 <i 





Crude membrane fractions** were presared from each tissue. Aliquots of 
monocional antibody solution, at a dilutien chosen so as to be limiting in the 
assay, were incubated with varying concen.rations of membranes for 2h at 4 C, 
The residual antibody activity was then measured using a trace radioactive 
binding assay. At least 10 dilutions of each membrane preparation were used 
with each antibody. The antigenic activity is defined as the dilution of a 20mg 
membrane protein per ml solution necesary to give 50%, inhibition of the 
binding activity of an equal volume of antibody solution. The values given in the 
table are taken from inhibition curves, the points of which were each the mean 
of two separate inhibitions each assayed in duplicate. 
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values are functions of both quantity of anugen and antibody 
affinity, only comparisons between different tissues for the 
same antibody are meaningful. From Table | it can be seen 


that RET-Pl. RET-P2 and RET-P3 antigens were 
predominantly if not exclusively localized in retina because 
only retina membrane was able to give measurable inhibition 
of antibody binding activity. RET-G2 and RET-G3 antigens 
were expressed strongly by retina, weakly by cerebellum and 
liver and not detectably by cortex. Neither antigen was 
detectable by immunofluorescent staining of cerebellum or 
liver sections (data not shown) so that it is not vet possible to 
ascribe the absorption to the presence of a few cells with high 
levels of antigen expression, many cells with low levels of 
antigen expression or even some nonspecific absorption that 
affects these two antibodies but not the others. RET-GI and 
RET-N1 antigens were strongly expressed by all three brain 
regions but were not detectable on liver. Although the 
absorption has the advantage of being quantitative, it cannot 
be used te determine which cell types in a tissue are expressing 
the antigen. For this, immunofluorescent staining of tissue 
sections was carried out 


Antibodies RET-P1, RET-P2 and RET-P3 
specifically label photoreceptors 

The immunofluorescent staining of sections of adult rat retina 
given by RET-P1 is shown in Fig. la and b. With the 
exception of the outer plexiform layer, the whole of the 
photoreceptor layer was labelled. Clear ring fluorescence was 
found around almost all of the photoreceptor cell bodies. The 
packing between the cell bodies appeared looser tow ards the 
outer limiting membrane and the intervening spaces often 
showed fluorescence. This was probably due to the fibres 
which connect the cell bodies with their inner segments* ’. The 
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Fig. | Immunofluorescent labelling of sections of 
adult rat retina by antibodies RET-P1l. RET-P2 
ind RI -P3 Ruts were killed by cervical dislo- 
cation and the retinas rapidly dissected. They were 
fixed for [th at 4 Cin | parak maldehyde, ().1 

vlutaraldehvde in OIM sodium phosphate buffer 
pH 7.6. After fixation the retinas were soaked in 
4) (wv) sucrose overnight. Sections (15u) were 


cul on a freezing microtome and dried onto sub- 


bed slides. Sections were preincubated with 5 

(wv) bovine serum albumin (BSA) in phosphate 
buffer for Ih at 4 C and then with the primary 
intibody for ISh at 4 ¢ The shdes were washed 
n two changes of a large excess of phi sphate 
buller lor lÜ min each at 4 C. Sections were then 


treated with a rhodamine-conjugated goat anti- 
mouse IgG preparation (Cappell) which was diluted 
BSA in phos 
phate buffer and normal rabbit serum. Before use 


in a solution of equal parts of 


the rabbit serum was passed over a column of 
mouse IgG coupled to Sepharose 4B to remove 
any heterophile anti-mouse IgG antibodies. After 
incubation for 45min at room temperature the 
slides were again washed with two changes of 
phosphate buffer and then a coverslip applied 
using 50", glycerol in phosphate buller as mount- 
ing medium, Slides were examined with a Zeiss 
ICM35 microscope, White light photographs were 
tuken with phase contrast optics. Fluorescence 
photographs were taken using epi-illumination and 
combinatio 


on H & W 


HMuUOTeSee nce 


excitation barner filter and reflector 
48-77 


Control hlm with 2min exposures for 


15-9902. Ph Mograpns Were LUA! 


and an automatic hght meter for phase contrast 
photographs. a. bh. RET-Pl antibods i, RET-P2 
antibody: « f RET-P3 antibody f A, control 


using a monoclonal antibody against a human cell- 


surface glycoprotein. a, c. e. g. Phase contrast: b. d 
i, hh, fluorescence. The arrow at the top nghi 
corner ol a indicates the only outer segment that 
can be detected as unlabelled in $ OS. outer 


seyments: IS, inner segments: OLM, outer limiting 


membrane: ONL. outer nuclear laver; OPL. outei 
pelxiform layer: INL. inner nucelar layer: IPI 
nner plexiform laver; GCL. ganelion cell layer 
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photoreceptor inner segments were labelled at about the same 
intensity as the cell bodies but the outer segments had a much 
brighter fluorescence. These differences presumably represented 
differences in antigen density which supports 
observations that the composition of the outer segment 
membrane is different from that of the rest of the cell? +”. 
This was much more decisively demonstrated by the staining 
pattern given by antibodies RET-P2 (Fig. le. d) and RET- 
P3 (Fig. le. f). Within the limitauons of the fluorescence 
assay, RET-P2 antigen was located exclusively on the outer 
segments and RET-P3 antigen was located exclusively on the 
photoreceptor cell bodies. differences in labelling 
patterns seen with these three antibodies suggest that some 
photoreceptor membrane molecules are common to all regions 
of the cell while others are restricted to discrete areas of the 
cell. It is not yet known whether this restriction ts caused by 
some form of anchorage of particular molecules in a fluid 
membrane to submembranous or extracellular elements or by 
localized areas of insertion of newly synthesized molecules in a 
non-fluid membrane. 

Experiments are now under way to determine the chemical 
nature of the RET-P1l, RET-P2 and RET-P3 antigens to see 
whether both membrane proteins and lipids are restricted in 
their localization. In addition, production of other antibodies 
that label specific regions of photoreceptors will allow an 
estimate of the number of compartments into which the 
photoreceptor cell membrane ts divided. 

Although RET-P2 antibody was not absorbed by cerebellum 
membrane. immunofluorescent labelling of cerebellum sections 
showed that it reacted with structures at the level of the initial 
segment of the Purkinje cell (data not shown). The exact 
nature of the labelled structures and their relationship to the 
photoreceptor outer segments have yet to be determined 
Neither RET-P1 nor RET-P3 stained any cerebellar structures, 
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The rat retina consists almost entirely of rods’, so that 
judging whether or not the three antibodies reacted with both 
rods and cones was almost impossible. To investigate this, the 
three antibodies were tested on a number of different species 
to see whether or not any of them reacted with a retina 
containing a higher proportion of cones. RET-P2 and RET-P3 
seem to be specific for rat but RET-P1 reacted with several 
species (including BALB/c mice from which the antibody- 
producing spleen cell was derived). A group of photoreceptors 
in a section of retina from the tiger salamander (Ambystoma 
tigrinum) is shown in Fig. 2. Cells 1, 3 and 5 are rods 
although the outer segment of cell 3 was removed during 
dissection. All three cells stain throughout their length with 
the most intense fluorescence being in the outer segment. The 
bright band at the junction of the inner and outer segments 
was probably due to labelling of the deep membrane 
invaginations at this region. These invaginations have been 
shown to represent the initial stage of pinching off of the disks 
of the outer segment*'. Cells 2 and 4 have the morphology of 
cones, that 1s, narrower cell bodies, narrower but longer inner 
segments and slender outer segments. The outer segments of 
cells 2 and 4 are almost certainly damaged but there is no 
trace of fluorescence on any part of the cell. This would 
indicate that antigen RET-P1 ts restricted to rods. As can also 
be seen in Fig. 2, the axons and synaptic pedicles of the rods 
were labelled. In several cases fine labelled processes were 
found to be given off from the thick pedicles. The lack of 
staining of the outer plexiform layer in the rat retina found 
with this antibody may simply be because such staining was 
below the threshold for visualization or alternatively may be 
real and may represent a difference in antigen 
compartmentalization between the two species. 


a 


Fig. 2 Immunofluorescent labelling of tiger salamander photoreceptors 


by antibody RET-P1. Sections were prepared and treated as described in 
Fig. 1 legend except that the animals were dark-adapted for 4h before 


being killed il Phase contrast h. fluorescence Scale bar represents Wu 


One obvious candidate for a photoreceptor-specific marker 
is the light-sensitive molecule rhodopsin. A rabbit antiserum 
raised against bovine rhodopsin stained both the outer and 
inner segments of frog photoreceptors**. This pattern was not 
given by any of the three antibodies described here. In 
addition, the anti-rhodopsin serum stained both rods and 
cones. None of these antibodies was inhibited by a partially 
purified preparation of bovine rhodopsin (a gift of Dr E. A 
Schwartz) used at concentrations where whole retina 
membrane gave complete inhibition (data not shown). Thus. it 
is unlikely that any of these three antibodies recognize 
rhodopsin but final resolution of this must await a chemical 
analysis of the respective antigens. 








Fig. 3 Immunofluorescent labelling of sections of a 
antibodies RET-G1, RET-G2 and RET-Gì3. Seci we l 
treated as described in Fig. | legend. a, A Müller cell ta} rom Gol; 
Stained retina as drawn by S. R. Cajal (ref. 35, | j% RET-G! 
antibody; d, e, RET-G2 antibody: /. € RET-G 
Fluorescence; c, e, g, phase contrast. Desienatioi 

described in | iz | legend. Scale ba 


Antibodies RET-G1, RET-G2 and RET-G3 
specifically label Müller cells 
Miiller cells have a unique morphology in that they are the 
only cell type to extend radially across the retina from the 
outer limiting membrane to the inmer limiting membrane**” 
The essential features of their structure. 
Stained cell (Fig. 3a), were picked out in the 
immunofluorescent labelling of sections of adult rat retina 
given by antibodies RET-G1 (Fig. 3b. c), RET-G2 (Fig. 3d, e) 
and RET-G3 (Fig. 3f, g) At the outer limiting membrane, 
each antibody labelled the fine finger-like Miiller cell processes 
that extend up between the inner half of the photoreceptor 
inner segments. Thick radial processes passing through the 
outer nuclear layer were also labelied although the single focal 
plane shown in the photographs was not always adequate to 
show a single process traversing the whole width of that layer 
Such fibres could frequently be followed visually. Virtually no 
tangential labelling was seen ip the outer nuclear layer 
indicating that the photoreceptor cell bodies had not reacted 
with the antibodies. The labelling in the inner nuclear laye 
was harder to interpret but probably represented Müller fibres 
following the contours of the cell bodies in this region on their 
way to the inner plexiform layer 

In very few cases was it possible to 


is shown tn the Golgi- 


clear [y 


see a Clear fing oil 
fluorescence around a cell body es would have been expected 
if the neuronal cell bodies had been labelled. Those few cell 
bodies that were labelled had the position expected for Müller 
cell bodies. The radial Müller fibres give oll fine tangential 


processes in the plexiform layers causing both plexiform lavers 


to be labelled. The labelling of the inner plexiform lavei 
showed three bands of higher intensity. One band was located 
at the junction of the inner nuclear and inner plexiform layers. 
one band was about half way through the inner plexiform 
layer and the other thick band was at the junction of the inne 
plexiform and ganglion cell layers and was continuous with 
the labelling of the bulbous feet that surround the ganglion 
cell bodies and optic fibres and end at the inner limitine 


membrane. This banded appearance of the inner plexiform 
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layer, which probably reflects the density of tangential glial 
projections, was closely similar to the autoradiographic 
staining of Miller cells seen following uptake of radioactive 
GABA in vitro (refs 36, 37 and unpublished observations with 
R. W. Baughman). 

As a further demonstration that antibody RET-G1 was 
reacting with Miller cells, immunofluorescent labelling of 
enzymatically dissociated adult rat retina cells*® was carried 
out. The results (Fig. 4) clearly show that this antibody 
labelled cells with the morphology characteristic of Müller 
cells. Cells with the morphology of bipolar cells and a variety 
of amacrous cells were not labelled in these preparations. 

Miiller cells and astrocytes have a number of structural and 
functional features in common, such as close apposition to 
neuronal processes*’, potassium ion transport*®, and y- 
aminobutyric acid transport*'. Thus it was not surprising to 
find an antibody, RET-G1, that reacted with glial cells in all 
regions of brain. The results in Table 1 show that cerebral 
cortex and cerebellum express more RET-Gl per mg 
membrane protein than retina although the differences provide 
no information about the relative amounts expressed per cell. 

In cerebellum, the cells expressing this antigen were found in 
all layers. The area illustrated in Fig. 5c shows labelled cell 
bodies in the granular layer and processes passing up through 
the unlabelled Purkinje cell layer to the molecular layer. 
Further studies will be necessary to determine whether this 
antigen is also on oligodendrocytes and glia of the peripheral 
nervous system. RET-G2 and RET-G3 antigens were 
expressed by Miiller cells but not to a significant extent by 
other glia. The nature and function of these two *Muller-cell 
specific’ antigens are unknown. The two can be distinguished 
by their fluorescent labelling pattern on adult retina. RET-G2 
antibody gave a relatively even labelling but RET-G3 antibody 
gave a highly punctate pattern of labelling in the inner 
plexiform layer. Studies at the electron microscope level will 
show whether these areas of increased labelling are related in 
any way to other structures in the inner plexiform layer, such 
as areas of glial processes close to synapses, 


Antibody RET-NI recognizes a 

neurone-specific antigen 

Antibody RET-N1 labelled several cell types in sections of 
adult rat retina (Fig. 5a). It labelled the whole length of the 
photoreceptor inner segments but not the outer segments or 
cell bodies although some very faint labelling was found over 





Fig. 4 Immunofluorescent labelling of enzymatically dissociated Muller 
cells by RET-G1 antibody. Retinas were dissected from adult rats and cells 
dissociated using published procedures**. The cell suspension was allowed 
to settle to the bottom of Petri dishes and the labelling carried out using 
l-h incubations at room temperature for primary and fluorescent 
antibodies. Three rinses with HEPES-buffered Hank's salts solutions were 
carried out after each antibody incubation, care being taken not to disturb 
the cells. Scale bar represents 10y 
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Fig. § a, Immunofluorescent labelling of adult rat retina by antibody 
RET-N1, The section preparation, labelling and the designation of retinal 
layers is as in the legend to Fig. 1. b, Immunofluorescent labelling of adult 
rat cerebellum by antibody RET-N1. c, Immunofluorescent labelling of 
adult rat cerebellum by antibody RET-Gi. For b and ¢ ammals were 


> 


anaesthetised with Nembutal and perfused through the ventricle with 2 

paraformaldehyde in phosphate buffer. Cerebella were then dissected and 

treated as for retina. M, molecular layer; P, Purkinje cell layer; G. 
granular layer. Scale bar represents 20 p 


the outer nuclear layer. Both plexiform layers were stained and 
many cell bodies in the outer half of the inner nuclear layer 
could be recognized. Axons of bipolar cells could be seen 
leaving some of these cells and passing through to the inner 
plexiform layer. There seemed to be fewer labelled cells in the 
inner half of the inner nuclear layer which may indicate that 
some amacrine cells were unlabelled. The ganglion cells were 
labelled. No traces of the characteristic glial labelling 
pattern—radial fibres in the outer nuclear layer and glial feet 
around the ganglion cells—were found, The absorption results 
(Table 1) indicated that RET-N1 antibody reacted with cortex 
and cerebellum. In agreement with this, the antibody was 
found to label cells at all levels in the cerebral cortex (data not 
shown). In cerebellum it also labelled several cell types. In the 
portion shown (Fig. 5b) it labelled Purkinje cells and brightly 
labelled pinceaux of basket cell terminals around the Purkinje 
cell initial segment. Many other cell bodies in the granular 
layer and processes in the molecular layer were also labelled, 
although in a pattern different from that given by antibody 
RET-G1. Thus antigen RET-NI may be a marker for most if 
not all neurones of the CNS although further work will be 
necessary to show whether or not it cross-reacts with types of 
glial cells not found in the retina such as oligodendrocytes. It 
will also be of interest to determine whether antibodies RET- 
G1 and RET-NI label glia and neurones, respectively, of the 
peripheral nervous system as these are of neural crest rather 
than neural tube embryonic origin. Experiments to investigate 
this are under way. 


Discussion 


The results presented above show clearly that monoclonal 
antibodies can be produced against subclasses of neural cells. 
It has yet to be shown formally that each antibody interacts 
with an integral cell-surface molecule rather than extracellular 
matrix or intracellular membrane material, but this seems 
likely. Fixation by itself is not an efficient way of allowing 
visualization of internal antigens in tissue sections. Addition of 
detergent to sections similar tọ those illustrated neither 
changed nor enhanced the labelling pattern, suggesting that 
external rather than internal antigens were recognized. Final 
demonstration of the cell-surface location of the antigens will 
be achieved by a combination of electron microscopic 
immunocytochemistry, biochemistry and studies in tissue 
culture on living cells. 
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The antibodies described here will be valuable for several 
studies. For example, they will be useful for studying the 
topography and development of particular cell types in the 
intact organism. Preliminary experiments have established that 
RET-P1, RET-P2 and RET-P3 are expressed at different 
stages of photoreceptor development and RET-Gi, RET-G2 
and RET-G3 are expressed at different stages of Muller cell 
development. Thus they are markers not only for adult cells 
but also for immature cells at discrete stages of development. 
Whether such stages are intrinsic to neural cells after the 
initial step of determination or whether they require distinct 
environmental tnggers is not known Experiments are in 
progress to test these alternatives by following cell maturation 
in defined in vitro culture systems. 

Another use of antibodies such as those described above, 
and others now being characterized, will be for the separation 
of cells and subcellular fractions from adult and developing 
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tissue for a variety of physiological anc biochemical studies. 

There is also the additonal hope that production of 
antibodies that recognize particular neural cell subclasses may 
lead to the identification of cell-surface molecules that mediate 
functions specific to those subclasses aad may, therefore, aid in 
an understanding of the molecular and genetic basis of neural 
cell development and function. 
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Pressure balance and pressure 
distribution along the 
dayside ionopause of Venus 


O. L. Vaisberg*, D. S. Intriligatort & V. N. Smirnov* 


* Space Research Institute, USSR Academy of Sciences, Moscow, 
USSR 
t University of Southern California, Los Angeles, California 90007 


The pressure distribution within the barrier fust 
outside the lonopause of Venus ts shown here to be similar to 
expected solar wind pressure variation provided the more real- 
istic shape of the fonopause is taken into account. The ion- 
ospheric pressure just below the majmnetic barrier is about equal 
to the solar wind pressure while magnetic feld pressure within 
the magnetic barrier amounts to about two-thirds of both ion- 
ospheric and solar wind pressures. So we can expect that one- 
third of magnetic barrier pressure is accounted for by the hot 
plasma contribution. 

The existence of a bow shock near Venus was established 
during the Mariner 5 fly-by mission’ and Venera 4 lander 
mission’ in 1968. The close location of this shock to the planet 
demonstrated that Venus does not have a significant internal 
magnetic field and that the ionosphere of the planet is capable of 
deflecting a major part of the incoming solar wind plasma. 


The Venera 9 and Venera 10 nission in 1975-76 made 
detailed studies of the shock and the wake region of Venus*”. 
Recently the Pioneer Venus Orbiter (PVO) performed 
important measurements of the strccture of the venusian ion- 
osphere and its interaction with the solar windt”. Above 200 km 
the dayside ionosphere is in a state of diffusive equilibrium with 
the O* ions as the main constituent. The elevated electron and 
ion temperatures in the ionosphere together with the number 
density below the ionopause provide, in most cases, enough 
pressure to sustain the solar wind dynamic pressure. The height 
of the ionopause is strongly inflLenced by the solar wind 
pressure**?, 

The magnetic field measurements from the PVO show that 
the magnetic pressure within the ionosphere is in most cases 
negligible, but that above the ioncpause there is a region of 
increased magnetic field where the magnetic field pressure 
approximately equals the solar wind dynamic pressure. This 
region of increased magnetic field presumably transfers solar 
wind pressure to the ionosphere*®’*”’®, 

Joint data on the solar wind, magnetic field and ionosphere 
are available only for the first period of PVO observations in 
December 1978 when the region of solar zenith angle (SZA) 
& 61.5° was studied. It is frequently assumed that external 
pressure exerted on the venusian ionropause changes as a simple 
newtonian law of specular reflection, cos? » (where ọ is the 
SZA). But the deviations of the ionopause shape from that of a 
spherical surface should give rise to significant deviations from 
the cos? law for large SZA. Furcher improvement may be 
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Fig. 1 Dependence of magnetic field pressure in the magnetic 
barrier on solar zenith angle. @, From ref. 19; ©, from ref. 16. 
Curves are: 1, cos? w°; 2, cos” x°, with y equal to expected angle 
between normal to ionopause and solar wind flow direction, and 3, 
hydrodynamic pressure variation along the boundary’ 1S. Curves 
are normalized to subsolar pressure value 3.7 x 107° dyn cm? 
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Fig. 2 Solar wind pressure (Psw), magnetic barrier pressure 
(Pua), increased by a factor of 1.5, and total (kinetic and magnetic) 
pressure of the ionosphere (Pı) below the ionopause plotted 
against observed ionopause altitudes on first orbits of PVO. Line 1 
is drawn to show the change of pressure values at the ionopause 
with altitude for SZA range 65°-75°. Mean ionospheric pressure 
model, line 2, obtained from means of measured number densities 
and ion and electron temperatures for the same SZA range `. 
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obtained by taking into account a more realistic approximation 
of the external pressure. To obtain an estimate of the external 
pressure variation with SZA we assumed that the surface of the 
ionopause can be obtained from a simple ionospheric pressure 
balance'”'*, The parameter H/ro, ratio of the ionospheric scale 
height to planetocentric subsolar dimension of obstacle, defining 
the approximate shape of the ionopause, was taken equal to 0.07 
(ref. 10). Figure 1 shows that the mean magnetic field pressure in 
the region just outside the ionopause, or in the ‘magnetic 
barrier’ closely follows the expected pressure variation along the 
boundary of the obstacle. The mean magnetic pressure within 
the magnetic barrier and its variations were taken from refs 
16, 19. To fit the observations the pressure curves were normal- 
ized to 3.7x 10°" dyn cm™° at y = 0 and this value is represen- 
tative for mean subsolar magnetic barrier pressure for the PVO 
period of observations. Data of Fig. 1 confirm that pressure 
within the magnetic barrier is determined by the pressure of 
i flow and show that this condition holds up to SZA 
~90°. 


lonopause altitude h, (km) 





10-9 1078 10-7 


Magnetic barrier pressure A, ,(dyn cm~?) 


Fig. 3 Magnetic barrier pressure distribution versus height for 
different solar zenith angles (indicated) obtained according to data 
of refs 16, 19. 


Distribution of measured values of ionospheric pressure just 
below the ionopause, magnetic pressure within the magnetic 
barrier, and solar wind pressure versus height of the ionopause 
for December 1978 are shown in Fig. 2. Data are limited to SZA 
between 63° and 90°. Solar wind pressure was estimated from 
the measured pV* value corrected for pressure distribution 
along the boundary (curve 3, Fig. 1). Magnetic field pressure was 
multiplied by a factor of 1.5 to fit both the solar wind pressure 
and ionospheric pressure. Figure 2 shows good agreement 
between the measured ionospheric pressure below the ion- 
opause and the solar wind pressure corrected for angle of 
incidence. It shows also that although the magnetic barrier has a 
major role in the transfer of solar wind pressure to the ion- 
osphere, the plasma pressure within the magnetic barrier may 
provide up to one-third of the total pressure. 

Comparison of the behaviour of the ionospheric pressure just 
below the ionopause with the mean ionospheric pressure dis- 
tribution for the same SZA range apparently shows significant 
differences between these distributions suggesting modification 
of the subionopause layer due to changing solar wind conditions. 
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Fig. 4 Observed ionopause altitudes versus solar zenith angle. 
Expected ‘instant’ ionopause profiles are shown for close to the 
mean solar wind ram pressure value (curve 1); one half of it (curve 
2); and doubled mean pressure value (curve 3), Dashed line, model 
ionopause profile for H/ ro = 0.07 and ro = 6,350 km. 


The magnetic pressure distribution within the magnetic bar- 

rier as a function of the ionopause altitude and as a function of 
SZA was obtained using data from (refs 16, 19). This dis- 
tribution, shown in Fig. 3 enables the ‘instant’ profile of the 
ionopause to be found for a given solar wind pressure, provided 
that the hot plasma contribution to the magnetic barrier pres- 
sure is taken into account. Assuming that the plasma pressure 
within the magnetic barrier is one-third everywhere, the shapes 
of the ionopause for close to the mean solar wind condition, half 
and double this value were obtained. Figure 4 shows that the 
behaviour of the model profiles is in reasonable agreement with 
the observed mean ionopause altitude dependency on SZA and 
with the observed distribution of ionopause crossings. Also, it 
can be seen that both the observational data and the ionopause 
model show that at SZA ~70° the shape of the venusian 
ionopause differs significantly from the simple hydrostatic 
equilibrium model of the ionopause (curve 4 in Fig. 4). This 
implies the important role of solar wind heating of the subsolar 
ionosphere '**°! and the significant influence of transport pro- 
cesses within the ionosphere at large SZA”. 
. The model of the subionopause pressure distribution with 
height and with the solar zenith angle seems to represent 
reasonably the observed behaviour of ionopause crossings at 
different SZA and allows one to obtain an ‘instant’ profile of the 
ionopause for given solar wind pressure. 
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Hydromagnetic dynamo in the 
cores of Uranus and Neptune 
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The explanation of the origin of a magnetic field of Uranus is 
difficult because the structure of the planet's interior is not well 
known and the strong thermal fiux, which is associated with the 
operation of hydromagnetic dynamos in Jupiter and Saturn, 
seems to be absent or very low. We show here that the composi- 
tion, physical state and electrical conductivity of the planet's 
core permits the generation of a magnetic field within the very 
low observational limits of its heat emission. We also suggest 
that the higher density and higher pressures in the core of 
Neptune could explain the suspected absence of a measurable 
field on that planet even though it is a relatively strong source 
of heat. 

While there are no rigorous theories which would permit us to 
make quantitative predictions of the magnetic fields of various 
planets it is usually possible to explain the presence or absence of 
these fields and sometimes even give a semiempirical estimate of 
their strengths’. Observations’ of 0.5-MHz pulses analogous 
to jovian emission suggested that Uranus has a magnetic field 
but the planet had resisted efforts to explain its field’s origin ina 
satisfactory manner. It now seems that a detailed consideration 
of convection and electrical conductivity in the planet’s core 
indicates the presence of a thermally driven hydromagnetic 
dynamo. 

The generation of magnetic fields in planets, whether by a 
thermally or precessionally driven dynamo, is very sensitive to 
details of the models of their interiors. The development of a 
satisfactory model of Uranus has been hampered by the 
availability of only approximate values of some of the important 
parameters, by the lack of good equations of state and by the 
difficulty in fitting, within reasonable limits, what is known about 
the chemical composition and evolution of the outer planets. In 
particular there is still an uncertainty of about a factor of two in 
the rotational velocity of the planet™®. This velocity strongly 
affects the structure of the outer parts of the planet and, to a 
much smaller degree, the size of the core. We have shown 
previously’ that a two-layer model of Uranus could account for 
the presence of a magnetic field only if the planet had a layer of 
metallic hydrogen or of a metallically conducting molecular 
hydrogen and even then probably only if the dynamo were 
precessionally driven by Miranda. This conclusion was forced by 
the fact that in this model the core turned out to be solid while 
the layer containing liquid HLO, NH, and so on had much too 
low an ionic electrical conductivity even though, as shown by 
experiment (W. J. Nellis, A. C. Mitchell, R. S. Hawke and R. K. 
Keeler, personal communication), the water would be pressure 
dissociated but not yet metallic. The above result was indepen- 
dent of the rate of rotation of the planet within the limits 
mentioned above. 

The new three-layer model of Uranus of Hubbard and Mac- 
Farlane” led us to review the situation as the model uses new 
equations of state and, within a wide range of rotational velo- 
cities, it seems to fit better the observational parameters as well 
as the chemical constraints. First, the mode! excludes the 
presence of a metallic or of a suitably conducting molecular 
hydrogen layer. Second, just as in the two-layer model, the 
liquid ‘ice’ layer has too low an ionic conductivity to permit the 
operation of a magnetic dynamo although a thin layer of ‘metal- 
lic’ H20 could appear right at the core boundary. It remains then 
to analyse the planet’s core which has a radius of 7,700 km 
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(r./R,~ 0.3), and contains 38, 25, 25 and 12% of SiO, MgO, 
FeS and FeO respectively. The melting temperatures of these 
compounds as a function of radius in the core were calculated 
using the same method as in our previous paper (assuming the 
Griineisen parameter to be the same for FeO and FeS) and the 
densities at which these compounds should become metallic 
were estimated using Herzfeld’s molar refractivity criterion’. 
The results are shown in Figs 1 and 2. It seems that in an 
isothermal core FeS and FeO are always liquid, MgO is always 
solid while SiO, is solid in the inner part of the core. FeO and 
FeS are metallic throughout the core, the sulphide being known 
to change from a low gap semiconductor to a metal at pressures 
of the order of kilobars’°. MgO and SiO, are metallic up to 
~85% of the radius of the core. 

It can be shown that initial gravitational condensation and 
radioactive heating led to a temperature of the interior of 
Uranus which was probably in excess of that required to keep 
the core metallic and entirely liquid. The outward flow of this 
heat produced convection which kept the core well mixed during 
this early high temperature phase. As the core cooled, however, 
large differences in the density of its constituents produced 
gravitational, diffusion controlled, separation between the 
heavy iron compounds and other lighter constituents which led 
to a significant evolution of additional heat. Further cooling of 
the core resulted in the formation of solid MgO which floated 
towards the surface of the core thereby releasing energy which in 
turn slowed down the cooling and the segregation. This self- 
regulating aspect of the process, reminiscent of that proposed”’ 
for the H-He system in the giant planets and necessary to 
explain the present magnetism and excess luminosity of 
Saturn’, may be still active because the theory is certainly not 
rigorous enough to ensure that the melting temperature of MgO 
near the surface of the core is indeed 1,000 K higher than the 
calculated temperature at this radius. It seems reasonable, 
therefore, to conclude that even now the core of Uranus is not 
isothermal but adiabatic. Unfortunately, lack of knowledge of 
the phase diagram of the multicomponent alloy and especially of 
mutual solubilities of the components in the early stages of the 
evolution of the planet makes a quantitative prediction of the 
rate of heat generation in the core almost impossible. The total 
energy available from gravitational interchange in the core can 
be estimated, however, to be ~10°° erg which distributed over a 
time scale of 10'° yr yields an average flux of the order of 
40 erg cm `° s™* at the surface of the planet, a value compatible 
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Fig. 1 Density profiles of the core and of its constituents: 
solid line, metallic; dashed line, non-metallic. Ry is the radius 
of the planet. 
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Fig.2 Melting temperature profiles of the constituents of the core 
(solid line) and the temperature gradients in the core (dashed lines). 
Ry is the radius of the planet. 


with the observational’? upper limit for Uranus of about 
10? ergcm™*s"*. The total original primordial energy of the 
planet was probably not less than 10°" erg. The range of possible 
compositions of cores of the giant planets introduces an 
uncertainty of about a factor of two into the above estimates. 

Assuming a superadiabaticity of V-V,=107°, a thermal 
expansion coefficient of the order of 10~° and a mixing length / 
~10-*r. one obtains for the convective velocity in the core 
v~10°'cms”’. In view of the highly heterogeneous chemistry 
of the core it seems reasonable to put electrical conductivity 
o = 107° e.m.u. which is typical of low conductivity metals. With 
these values for v and a, the necessary condition for the opera- 
tion of a thermally driven hydromagnetic dynamo—the 
magnetic Reynolds number, R=opulv where u is the 
permeability and L is the size of the core, has to be greater than 
10—is amply satisfied. The heat flux carried by this convection, 
as estimated using the expression ® = pC,vlT (V—V,) (2H ` 
(Scalo, personal communication) is about 10 erg cm™’ s™' at the 
surface of the planet. Here H, is the pressure scale height and C, 
is the specific heat, about 5 x 10° erg g` deg™’. 

The presence of an internal heat source in the core implies, of 
course, that the central temperature of the planet is somewhat 
higher than in the original model’, but this does not significantly 
affect the model's other features because the presence of a 
comparable flux is already taken into account and the thermal 
pressure is negligible. The approximate adiabatic gradient is also 
indicated in Fig. 2 showing that, except for MgO, all constituents 
of the core are liquid. One may add that Busse’s semi-empirical 
rule? applied to Uranus’ core leads to a surface field of the 
order of 107’ G. 

Applying the same kind of reasoning to the three-layer model 
of Neptune® one concludes that because of higher densities and 
pressure nearly half of the volume of its core is solid as compared 
to about one-third on Uranus. Thus one may expect the 
differentiation, the heat evolution, the rate of convection and 
the magnetic field of the core to be much lower than on Uranus. 
On Neptune, just as on Uranus, the ionic conductivity of the 
liquid ‘ice’ layer is too low and the probable layer of ‘metallic’ 
H,O at the core boundary too thin to permit the operation 
of a hydromagnetic dynamo even in the presence” of the high 
heat flux. 

It seems, therefore, that a slightly modified three-layer model 
of Uranus explains in a natural way the presence of a magnetic 
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field on this planet and does not require making rather prob- | 


lematic assumptions which were necessary for the two-layer 
model. Application of a similar analysis to the three-layer mode] 
of Neptune explains its very low, if any, magnetic field in spite of 
the high thermal flux. 
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Although the 11-yr cycle of solar activity was first recognized in 
1843 (ref. 1) and was subsequently traced back to the seven- 
teenth century’, it is still only poorly understood. The most 
obvious indicators of the activity cycle are sunspots, flares, 
plages, and so on. The corona as seen during an eclipse also 
reflects the cycle, appearing flattened at the poles near solar 
minimum and almost spherical near the solar maximum. All 
such phenomena are intimately linked to the solar magnetic 
fields, which exhibit complex but systematic variations. Whereas 
there are satisfactory qualitative models (see refs 5, 6) for the 
magnetic variations, the underlying physics is still obscure. The 
solar cycle also influences the Earth causing, for example, 
changes in geomagnetic activity, the magnetosphere and 
aurorae, the ionosphere, the flux of galactic cosmic rays and 
possibly. the weather. These modulations are not well under- 
stood but must be transmitted by one or more of the following: 
electromagnetic radiation; solar wind thermal plasma and its 
magnetic field; energetic particles. We here present new obser- 
vations on the changing three-dimensional form of the solar 
wind, which helps to relate some of the modulations. 

The solar wind also shows the effects of the solar cycle, but 
changes observed by ecliptic spacecraft are minor compared 
with the dramatic changes observed in the corona for example. 
Two processes are apparent in the observations of 1962-74 (ref. 
7). First, at sunspot maximum, there is an increase in flare- 
associated transient disturbances in the solar wind. Second the 
quasi-static structures of the solar wind such as magnetic sectors 
and high speed streams are much more evident and stable during 
the declining and minimum years of activity. In fact the 
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dominance of the high speed streams during the declining phase 
of the cycle is the most obvious change in the ecliptic solar wind. 
We show that an understanding of the three-dimensional wind 
structure explains the occurrence of such streams. | 

Direct spacecraft observations have reached + 16° in latitude 
although most are confined to +10°. These show very high 
latitude gradients of velocity during streams”, and they have 
helped to clarify the magnetic sector structure” but they are 
obviously limited in defining the overall latitude structure. 
However, the indirect techniques of interplanetary scintillation 
(IPS) (refs 10-13) and comet-tail observations’* can cover 
essentially all latitudes albeit with reduced precision. IPS 
observations from 1971 to 1979 show that the solar wind does 
respond dramatically to the solar activity cycle but the primary 
effects are in the polar regions. 

The IPS method, pioneered by Dennison and Hewish”’ relies 
on three spaced antennas to record signals from a small diameter 
radio source. The scintillations in the strength of the signals at 
each antenna are caused by inhomogeneities in the solar wind; 
the signals are cross-correlated to yield time offsets, from which 
the speed of the scintillation pattern can be deduced. 

The UCSD observatory, which operates at 74 MHz, and the 
methods of data analysis have been described elsewhere’ 7, A 
careful comparison of ecliptic IPS observations with spacecraft 
observations has ‘calibrated’ the IPS method. From this work 
we conclude that the IPS-observed speed is within +50 kms” 
of the solar wind speed at the point where the radio-wave 
scattering is strongest. We thus adopt the simplified inter- 
pretation that the IPS speed gives an estimate of the solar wind 
speed at that single point in space. We make IPS observations of 
eight radio sources daily, from which we typically obtain useful 
solar wind speed estimates at 3-5 such effective locations. The 
heliographic latitude of these locations spans 60°S to 70°N, 
However, the coverage is not continuous; northern latitudes 
(> 20°) are observed from March—July and October-November, 
while southern latitudes (> 20°) are observed June-July, each 
year (see Fig. 1 of ref. 19). 
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Fig. 1 Solar wind speed measured by IPS averaged into 15° 
intervals in heliographic latitude for the years 1972-79., The error 
bars are + twice the standard deviation in the average. 
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were averaged for Carrington rotations 1612-1617 (March—July 1974). b, Coronal holes indicated by a contour of low K -coronameter 
polarization brightness (1.5 x 10°” pB); the tick marks point towards low brightness, that is towards the holes. Data, supplied by Drs R. and S. 
Hansen, are averaged for the same period as a. 


The solar wind speed can be averaged over longitude to 
provide the speed versus latitude plots of Fig. 1. Their charac- 
teristic U-shape shows that the wind speed is on average 
considerably faster at high latitudes than at the solar equator’. 
This phenomenon is best described as evidence for\persistent 
fast polar streams from the north and south poles. In studying 
the long-term changes in Fig. 1, we must be aware of the reduced 
number of observations at high latitudes, with a corresponding 
increase in the error bars with latitude. Nevertheless, we can 
identify three phases in the evolution of the polar streams. 

First, during the years of declining activity 1973-75, equa- 
torial speeds are somewhat elevated and there is a gradual 
increase of speed between 0° and +60°. The distribution of 
mean wind speed with latitude and longitude averaged over six 
rotations is shown in Fig. 2a. Here it is apparent that the polar 
streams are tilted from the axis, remaining opposite each other 
but centred near latitudes of +50°. These streams are wide 
enough to reach the ecliptic, where they are seen as two fast 
streams per rotation and also cause an increase in the mean 
speed’. Figure 2b shows that these fast streams come from 
coronal holes, where the polar holes are shown to be tilted in 
much the same way. 

The second phase, 1976-77 (Fig. 1), shows slower equatorial 
speeds and a sharp transition from slow to fast between 15° and 
30° in both the north and south. This corresponds to a better 
alignment of the polar streams with the rotation axis, as revealed 
in latitude-longitude plots*'. Note that the gradient of the mean 
speed is greater than 10 kms’ ' per degree between 15° and 30°. 
This is comparable with instantaneous measurements of the 
latitude gradient made with two spacecraft (see refs 8, 9). The 
polar holes were also wide and axially aligned during these years 
of solar minimum as shown by K-coronameter data” and by 
eclipse photographs which are elongated along the equator due 
to low densities over the poles”. 

The third phase, 1978-79, shows a flattening of the U-shape 
curve, that is a dramatic reduction in the wind speed at 30-60 °N 
and S, implying that the polar streams are much narrower. Note 
that this change probably occurred at the same phase of the 
previous cycle. Hewish and Symonds'” observed higher speeds 
at north latitudes than at the equator in 1966, but not in 1967. 
Their restricted data coverage meant they could not draw any 
strong conclusions, but it is now clear that this is the same change 
which we see 11 yr later. 

The polar holes also contracted during 1977, as the new 
sunspots emerged at mid-latitudes. This implies that bipolar 
magnetic regions are dominating the mid-latitudes restricting 
the extent of the open field regions (polar holes). Figure 3 
compares average wind speed at 0, 30° and 60° with the area of 
the polar holes from 1971 to 1979. Hole area estimates from 
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observations of He 10,830 Å made at Kitt Peak are plotted for 
1974-78, together with earlier estimates by various tech- 
niques**. The areas are given as percentages of 47 sr at the 
photosphere. The slowing of the wind at 30° and 60° north and 
south in late 1977 to the present (a narrowing of the polar 
streams), is closely matched by the shrinking of the polar holes. 

The latitude boundary of the polar holes and polar streams are 
compared in Fig. 4 (assuming axial symmetry). The stream 
boundary is chosen to be the latitude at which the velocity is 
500 kms’. There are clearly large changes in the width of the 
polar streams. Between 1974 and early 1977, the polar stream 
boundaries were near +30° showing that 50% of 47 sr were 
occupied by solar wind with an average wind speed > 
500 kms”'. By contrast, from late 1977 to the end of 1979, the 
polar stream boundaries moved up to +65°, showing that the fast 
polar wind occupied only 9% of 47 sr. 
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Fig.3 The solar wind speeds averaged into 15° latitude intervals 

for six month periods are plotted against time in b and c. Single 

rotation estimates of polar coronal hole areas derived from pho- 

tospheric observations are plotted for the north polar hole ina and 

for the south in d. Symbols indicate techniques from ref. 24. The 

slowing of the wind above + 30° latitude in 1978 is matched by a 
narrowing of the polar holes. 
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When these changes in the fast polar streams are compared 
with changes in the polar coronal holes, it is apparent that the 
polar hole boundaries do not change as much as the polar stream 
boundaries. Although there are real variations between rota- 
tions, the mean hole boundaries remain at +60° (13% solid 
angle) through early 1977, shrinking to +70° (6% solid angle) in 
1978. Data are not yet available for 1979. The ratio of the solid 
angle for fast polar streams to that for coronal holes defines an 
expansion factor which characterizes the degree to which the 
coronal holes open out faster than radial as they become fast 
streams. This ratio decreased from 3.8 for 1974-77 to 1.5 for 
1978. Whereas the numerical value of the ratio cannot be easily 
related to the areal expansion factor as defined and measured for 
a northern polar hole“, the change in the ratio indicates that the 
areal expansion factor of the polar holes decreased substantially 
as the holes narrowed. A large expansion factor implies that the 
solar wind is accelerated to supersonic speeds closer to the base 
of the corona than for a smaller areal expansion”®. 

The agreement with IPS observations in 1967 and 1968, and 
the agreement with the polar hole variations shows that the 
changes in the fast polar stream are part of the solar cycle. 
Studies of polar faculae over many solar cycles” suggest that the 
polar holes narrow for several years at the peak of activity. The 
polar magnetic field polarity also reverses near solar maximum. 
Clearly the polar holes; defined as unipolar open field regions, 
must undergo a major change and disappear altogether when 
the fields reverse. Eclipse photographs tell a similar story. The 
flattened images at solar minimum indicate the large low density 
holes over the polar regions; the circular images at solar maxi- 
mum indicate no such polar holes. The changing three-dimen- 
sional solar wind structure reported here helps explain the solar 
cycle modulations of several phenomena. 

The average level of geomagnetic activity varies with solar 
cycle but the pattern shows differences from one cycle to the 
next. Two mechanisms are thought to be responsible”: the 
increase in solar wind transients near the maximum phase of the 
cycle, and the increase of ecliptic fast streams in the declining 
phase. Both processes cause enhanced geomagnetic activity 
index. However, their relative importance change from cycle to 
cycle, so that the peak index sometimes occurs near the maxi- 
mum phase, sometimes in the declining phase, or sometimes 
extends between the two. In particular, it has been suggested?” 
that the previous solar cycle (number 20) was unusual in the 
dominance of ecliptic streams and associated geomagnetic 
activity during the declining phase. Such cycle-to-cycle vari- 
ability is easier to understand in the context of the three- 
dimensional stream structure. The recurrent ecliptic streams are 
seen when the long-lived polar streams are tilted far enough 
from the axis to intersect the ecliptic. For obscure reasons, such 
tilting is greatest in declining solar activity. However, we suggest 
that the degree of tilt varies from one cycle to the next causing 
recurrent ecliptic streams and accompanying geomagnetic 
activity to be more pronounced in some 11-yr cycles than in 
others. 

The average flux of galactic cosmic rays detected at the Earth 
is also modulated by the sunspot cycle, such that minimum 
cosmic ray flux occurs at sunspot maximum and vice-versa”. 
The spherically symmetrical diffusion models for this modula- 
tion predict an 11-yr variability in the strength of inhomogenei- 
ties in the magnetic field and also a radial gradient in the cosmic 
ray flux, both of which are now contradicted by observations’. 
The present results indicate a need for models where the 
magnetic geometry in three-dimensions is important (such as 
those of Jokipii et al.,**), especially when combined with the 
recent correlation of polar hole area and cosmic ray flux**. We 
suggest that at solar minimum wide polar holes connect to wide 
fast polar streams, which are presumably unipolar and may in 
turn be connected to the interstellar magnetic field, allowing 
easy access of cosmic rays. At solar maximum the polar holes are 
constricted by high latitude active regions, causing a narrowing 
of the polar streams, that is a smaller area of easy access which 
reduces the cosmic ray flux. 
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Fig.4 Solid curve (in the north) and horizontal bars (in the south) 

indicate the contour of 500km $`* average solar wind speed. The 

latitude boundaries of the polar holes are indicated by various 

symbols: +, He 10,830 A; x@W, different techniques (see ref. 24); 

A, Fe 5,303 A (threshold at 1.5 107° of disk centre brightness, 
data from Sacramento Peak Observatory). 
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Fast solar wind streams from the polar coronal holes persist 
for at least 6 yr but contract as the solar activity cycle approaches 
maximum. The polar coronal holes are observed to narrow at 
the same time, presumably in response to the changing solar 
magnetic field. The link between coronal holes and fast wind 
streams is thus extended to polar latitudes and to a major 
fraction of the 11-yr cycle. This picture throws considerable light 
on the problem of solar cycle modulation of galactic cosmic rays, 
geomagnetic activity and the presence of fast ecliptic wind 
streams. 
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Peninsula method 
of ULF signal generation 


A. C. Fraser-Smith & O. G. Villard Jr 


Radioscience Laboratory, Stanford Electronics Laboratories, 
Stanford University, Stanford, California 94305 


Natural pulsations of the geomagnetic field in the ultra-low- 
frequency range (ULF; <5 Hz) have been studied for many 
years, but progress has been limited by the lack of controlled 
experiments on their generation and propagation. Clearly, a 
method for producing the pulsations artificially on a controlled 
basis would contribute greatly to our understanding of their 
properties. In 1975 we participated in a theoretical study’ that 
described a method for generating artificial Pc 1 geomagnetic 
pulsations (0.2-5 Hz) by driving a large alternating electric 
current with frequency in the Pc 1 range around a relatively 
nonconducting peninsula in an enclosed sea or large saline lake. 
The study predicted that the alternating magnetic field of the 
current loop in the sea could disturb the lower ionosphere above 
the peninsula and that hydromagnetic (HM) waves at the Pc 1 
frequency would propagate away from the disturbed region to 
large distances in the ionosphere and magnetosphere. Two 
important conditions for the generation to take place were that 
the amplitude of the ULF magnetic field fluctuations should be 
greater than ~1nT (refs 2,3) and that suitable propagation 
conditions should exist for the HM waves. We report here the 
results of two experiments on the ‘peninsula method’ of Pe 1 
pulsation generation conducted during 1975-76. Our results, 
when combined with those from a recent peninsula experiment 
by Soviet scientists**, strongly support the proposed method of 
Pc 1 pulsation generation. 

Our peninsula experiments used the North Neck Peninsula on 
Chappaquiddick Island, Massachusetts (Fig. 1), which is located 
in an enclosed body of seawater (enclosure of the peninsula 
provides well defined boundary conditions and protection from 
wave action; it is not a necessary condition for ULF signal 
generation). During the summer of 1975 we carried out a 
passive experiment using the seawater around the peninsula as a 
receiving loop. Two electrodes constructed of thin copper sheet 
~().45 m square were inserted in the water on either side of the 
peninsula and connected by shielded cables (total length, 300 m; 
total resistance, ~10 9) to an electronics package consisting of a 
ULF differential amplifier, a timer, a calibrator and a low pass 
filter with an overall voltage gain of 200 at a frequency of 1 Hz. 
The resistance of the cable~seawater—cable circuit as seen by the 
electronics package was ~12 Q, implying that the resistance 
between the two electrodes was roughly 2 Q. The output of this 
system, which had a flat frequency response over the Pc 1 
frequency range, was recorded on a slow-speed analogue 
magnetic tape recorder, 

Measurements of ULF geomagnetic pulsation activity were 
made each night between 26 August and 5 September, and 
several well defined Pc 1 events were recorded. A spectrogram 
of one particularly long-lasting and large-amplitude event is 
shown in Fig. 2, together with spectrograms of the same event as 
seen at Roberval, Quebec, and at Stanford, California (see Fig. 3 
for locations of the stations). Although this was a preliminary 
experiment, and some desirable controls were necessarily lack- 
ing, it demonstrated that Pe 1 pulsations could be measured 
across the neck of a peninsula. Further, the high signal-to-noise 
ratio of the measurements, as shown by the data in Fig. 2, 





0028-8 36/80/290242—-G2 301.06 


Nature Vol. 286 17 July 1980 
supported the peninsula current loop concept, as a large receiv- 
ing area would be required to provide the high ratio. 

An exploratory small-scale active experiment was conducted 
during the summer of 1976. Electrodes were installed at roughly 
the same locations on either side of North Neck Peninsula as 
during 1975, but this time they were larger and were constructed 
of galvanized iron pipe. They were spaced ~180 m apart and 
connected to a ULF current source by heavy-gauge insulated 
aluminium wire (wire diameter 0.52 cm), and the resistance of 
the current path was 0.4 Q, as compared with 12 Q the previous 
year. The ULF current source used four automobile starter 
relays in a bridge circuit to produce a pseudo sine wave alternat- 
ing current; it could deliver a maximum current of 60 A into the 
0.4 Q load, and its frequency was adjustable in the range 0.5- 
12 Hz. Power was provided by two 12-V automobile batteries 
connected in series. 

There were three parts to this active experiment: (1) a fluxgate 
magnetometer was used to measure the magnetic field produced 
on the peninsula and its vicinity; it had a flat frequency response 
from d.c, to 500 Hz, and its noise level was ~1-2 nT in the 
0.2-5 Hz band; (2) a three-axis electric field (or current) probe 
was constructed and used to measure the ULF currents flowing 
in the seawater around the peninsula. It had three orthogonal 
pairs of contacts spaced 0.5 m apart, and each pair fed a pream- 
plifier with a voltage gain of 100 and a bandpass of 0.5-5 Hz. 
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Fig. 1 Map of Chappaquiddick Island, Massachusetts. The 

experiment was conducted on North Neck, which projects into 

Cape Poge Bay (upper right), and the location of the electrodes on 

either side of the Neck is superimposed on the map. The longitude 
lines are 2.8 km apart. 


The calibrated outputs from the preamplifiers were separately 
monitored on a portable chart recorder, and the minimum 
electric field amplitude that could be measured was about 
IimVm™`, (3) Finally, measurements of the magnetic field 
produced above the peninsula were made with the total field 
magnetometer on a P-3C Orion aircraft. 
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The magnetic field measurements on the peninsula were 
largely dominated, as expected, by the field of the electrode feed 
wires. This field was calculated, and it was found that the 
calculated values were ~20% greater than the measured values. 
The difference can be attributed to current flow directly through 
and under the peninsula. Noise caused by boat motion limited 
the probe measurements to points within ~300 m of the elec- 
trodes, and the principal result of these measurements was 
finding that the current flow was largely radial at all distances 
where measurements were possible. This finding indicated that 
some of the current paths would enclose a large area: a necessary 
condition for a large magnetic moment for the ‘peninsula 
antenna’. Further evidence for this latter condition was provided 
by the aircraft measurements, which were made during eight 

-passes over the peninsula at altitudes in the range 160-320 m. 
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Fig. 2 Spectrograms of a long-lasting Pc 1 geomagnetic pulsation 

event, as recorded at Roberval, Quebec (RO), Chappaquiddick 

Island, Massachusetts (CH), and at Stanford, California (ST), on 2 

September 1975. The recording at Chappaquiddick Island was 

made with a ‘peninsula antenna’; the other recordings were made 

with conventional ULF solenoid antennas. A power failure caused 
the blank interval in the Roberval record. 


The sensitivity of the magnetometer was reduced after each 
pass, and even on the last pass, with minimum sensitivity 
(measurement range 0-40 nT), the peninsular current loop 
produced off-scale readings. 

Although these experiments supported the feasibility of the 
peninsular current loop concept, they only gave indirect 
information about the magnetic fields produced in the ion- 
osphere. We therefore computed the amplitude of the magnetic 
field produced at an altitude of 100km above the peninsula 
during our active experiment, using a standard finite difference 
relaxation method to obtain the electric potentials and current 
distribution in the seawater and then the Biot—Savart law for the 
magnetic field. The amplitude obtained was 0.017 + 0.008 pT. 
This is about 49 times larger than the field that would be 
produced by the same total current flowing through a wire laid 
along the shoreline of the peninsula from one electrode to the 
other. Assuming a 20% loss of current through the peninsula (as 
suggested by our magnetic field measurements) the field 
produced by the peninsula~seawater combination is still ~35~ 
40 times larger than the comparison value. Note that this 
comparison does not take into account the greater power that 
would be required to drive the current through the wire outlin- 
ing the peninsula. | 

An experiment was recently reported by Soviet scientists in 
which a large current produced by a portable magnetohy- 
drodynamic (MHD) pulse generator was driven through the sea 
surrounding the. Rybachiy Peninsula (69°N, 32.5°F), and the 
resulting magnetic field was measured over the adjacent Kola 
Peninsula**, The maximum duration of the current pulses was 
~6s, and measurements showed that the equivalent magnetic 
moment of the current loop around the peninsula was 

10" A m’. This loop was reported to take an equivalent area of 
about 5,000 km’, implying that the amplitude of the current was 
20 kA. As the resistance of the loop was 90-mf (this includes the 
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Fig. 3 Map of North. America, showing the relative geographic 
“locations of the ULF recording stations at Chappaquiddick, 


Massachusetts; Roberval, Quebec; and Stanford, California. 


resistance of the cables joining the MHD generator to the sea on 
either side of the peninsula; these cables weighed 160 tons), a 
power of about 36 MW was required. Measurements of the 
magnetic field were made at distances up to 750 km from the 
peninsula, and at 320 km-the electric and magnetic fields had 
amplitudes of about 0.01 V m7! and 1 nT, respectively. 

These results are in good agreement. with the predictions of 
Lipa et al.'. Note the very small resistance of the peninsula 
current loop and the resulting large current (and loop magnetic 
moment) for a moderate power. They imply that a substantial 
(22nT) ULF magnetic field can be produced in the lower 
ionosphere above the peninsula: one of the primary require- 
ments for the artificial generation of Pc 1 pulsations. 
Unfortunately, the Soviet experiment seems to have been 
wholly devoted to the deep electromagnetic sounding of the 
Earth’s crust, and no measurements to detect artificially 
generated Pc 1 pulsations were reported. 

We conclude that the proposed ‘peninsula method’ for ULF 
signal generation in the ionosphere and magnetosphere’ is not 
only feasible but that it is likely to have considerable economic 
advantages over the use of a large horizontal wire loop on the 
ground. These advantages include lower construction and run- 
ning costs and the production of much greater ULF magnetic 
field amplitudes in the lower ionosphere per unit of input power. 

We thank D. M. Bubenik, J. L. Buxton and H. Lewis for 
assistance, Mr and Mrs G. F. Hodder and the late Mr and Mrs E. 
Hartell on Chappaquiddick for their co-operation, and also the 
personnel at the US Naval Air Station at Brunswick, Maine, who 
made the airborne measurements. This work was supported by 
the US Defense Advanced Research Projects Agency through 
an Office of Naval Research Contract and by the Office of Naval 
Research. 
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The interactions of 420-500 MeV/c K` in the 11T hydrogen 
bubble chamber HYBUC have been used to produce a sample 
of 120,000 X* decays in flight’*. We describe here how these 
decays were used to investigate the effects of longitudinal 
accelerations between 0.5 and 5.0 x 10'*g on particle lifetimes. 
Any observed effect of acceleration on lifetime would indicate 
that the Lorentz transformation and/or the dynamics of particle 
decay is sensitive to acceleration. These data suggest that 


-x accelerations which change the Lorentz factor and which can 


return a relativistic elementary particle clock to rest do not cause 
any observable change in lifetime. This null result complements 
earlier measurements of the effects of transverse acceleration on 
muons’*. Thus ensembles of elementary particles are ideal 
clocks which are invariant under intense accelerations. 

The momentum range of the &* in the HYBUC sample 
(200-650 MeV/c) is particularly suited to the study of the 
effects of acceleration on lifetime, because the proper time for 
decay in the sigma rest frame is a significant fraction of the 
stopping time as measured in the laboratory. The mean decay 
length for a momentum of 200 MeV/c at production is 40% of 
the particle range for 2° and 21% for the 2°. The average value 
of this ratio over the momentum range of this experiment is 10% 
for the =” sample and 5% for the £* sample. 

The slowing down of the sigmas in hydrogen is an elec- 
tromagnetic process with forces and accelerations that are large 
compared with gravity. The average accelerations are of the 
order of 10'°g. The instantaneous accelerations are much 
greater than these average values and estimates are model 
dependent. Impact parameter calculations give instantaneous 
accelerations as high as 107g. 

The values of the lifetime c7 have been determined using the 
maximum likelihood method with a lifetime function norma- 
lized with a finite interval of proper time for each event. The 
lower limit of these intervals corresponds to cutoffs which 
eliminate scanning losses due to short sigma tracks (0.4 cm for 
£+, and 0.6 cm for £). The upper cutoff is the minimum of: (1) 
the path length at which the sigma would have left the chamber, 
(2) the path length at which the sigma would stop; (3) a large 
proper time cutoff (cr = 15cm for 2°, 20cm for 2°). To take 
into account the energy loss in liquid hydrogen, the proper time 7 
is obtained by integrating the instantaneous momentum over the 
path length, 


cr=m | dx/p(x) 
where x is the distance travelled in the laboratory and the 
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momentum p(x) is obtained from the range-momentum tables 
and kinematic fits to the event. Note that this integral assumes 
the accuracy of special relativity applied to transformations from 
the laboratory system to the particle rest frame. $ 

As the acceleration which a particle experiences dese: on 
its momentum, we have examined $* lifetimes as a function of 
both the momentum at production and decay. Using the 
momentum at production is less subject to bias than at decay. 
However, if the history of acceleration has any observable effect 
on an elementary particle, then one could distinguish particles 
on the basis of this effect and, therefore, the momentum and rate 
of energy loss at the time of decay are of interest. Nuclear 
interactions are momentum dependent and could affect the 
lifetimes as a function of momentum. They, however, are <1% 
in our sample and the scanning requirement of a clear decay 
vertex would exclude small angle scattering events’. The &* 
samples were divided into five equal momentum bins as 
functions of the momentum at both production and at decay. 
The 20 different lifetime determinations were obtained by a 
maximum-likelihood method and are plotted in Figs 1 and 2, 
There is no measured variation of lifetime as a function of 
longitudinal acceleration at the level of a few per cent and 
ensembles of sigmas behave as ideal clocks, which are not 
changed by average stopping accelerations of the order of 10°°g. 





E 
K 
6.0 26 1.5 10 075 0.57 0.49 
f d 
A (2) x 108 (em s?) 
E \ dx /lab 
Fig. 1 The £* lifetimes cr (cm) as a function of production 


momentum and rest frame longitudinal acceleration. 


Broadening the discussion we note that our mean values of cr 
for the 5 are in close agreement with earlier experiments’. The 
particle data tables do not show any observed systematic 
difference in elementary particle lifetimes as a function of the 
stopping power of the detector. Sigma lifetimes have been 
measured in ‘free flight’* and in nuclear emulsion and these 
measurements are also plotted in Fig. 2. These lifetimes are 
constant to within a few per. cent. 

The effect of transverse acceleration on the muon lifetime has 
been investigated by the g—2 muon experiment at CERN". 
Relativistic muons were held in an orbit by magnetic fields which 
produced accelerations of 10°*g perpendicular to the muon’s 
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Fig. 2 The * lifetimes cr (cm) as a function of momentum at 
decay. The longitudinal acceleration depends on the stopping 
power of the detector. The lifetimes from HYBUC data (hydrogen) 
are compared with the lifetimes measured with emulsion” ' and 
free flight*. The rate of energy loss at minimum ionization is 22 


times greater in emulsion than hydrogen. 


velocity. The measured values of cr for orbiting and free muons 
were the same to better than 1%. This remarkable result 
indicates that in the case of transverse acceleration, ensembles 
of muons can be considered as an ideal clock’. 

Longitudinal acceleration permits us to start two clocks in the 
laboratory, to accelerate one, return it to rest and then to 
compare it with the clock that has remained at rest. Transverse 
accelerations alone would not permit the same experiment. The 
data indicate that the behaviour of a clock is independent of both 
longitudinal and transverse accelerations. Arguments that 
accelerations change the clock are not correct. 

We have shown that there is no observed dependence of 
lifetime on acceleration at the level of a few per cent over the 
range from ‘free flight’ to 10'*g, and we conclude that the 
Lorentz transformation gives the correct relationship between 
clocks subject to acceleration. 

We thank Dr J Bell for enjoyable. discussions and critical 
comments. This work was supported by the NSF grant 073- 
08392 and the Bundesministerium fiir Forschung und Tech- 
nologie, FRG. | 
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A theory for important magnetization processes such as 
magnetic viscosity and the production of a moment on cooling? in 
a magnetic field is presented here. The results for viscous 
phenomena differ from those obtained by others in that the time 
dependence of the viscosity depends en the size distribution of 
the magnetic grains. The moment produced on cooling in a 
magnetic field is calculated for an arbitrary distribution of grains 
for the first time. The effect of the cooling rate on the moment 
produced is found not only to be independent of that dis- 
tribution but also of the temperature dependence of the satura- 
tion magnetization. 

The moment produced om cooling as affected by the rate of 
cooling. Cooling rate effects have been considered by York’, 
Pullaiah et al? and Dodson and McClelland-Brown® who all 
derive results for assemblies of identical grains. They show that 
the blocking temperature is higher, the higher the cooling rate. 
and the resultant moment is reduced. In determining palaco: 
intensities, then, a difference in cooling rates will lead. tc 
differences in the field intensity deduced. ' When rocks which are 
cooled over millions of years are measured using cooling time: 
of minutes the difference can be quite large, and a severe 
overestimate of the ancient field will result. 

Previous authors have only calculated this effect for assem. 
blies of identical grains. However, the magnetization which i 
observed is an integral over a distribution of grains of differen 
sizes. This integral is found not to be sensitive to the grain siz: 
distribution, and the cooling rate effect to be sample dependent 
only if the magnetic constituents are different. 

The calculation of magnetic viscosity presented here use 
fewer approximations than generally used, and the time 
temperature relation obtained differs from the expressior 
which can be found in the literature (see ref. 4 for detailed 
references). 

All materials which display viscosity are in disequilibriun. 
The viscosity is the evolution of the system towards an equilit- 
rium state. Consider an assembly of identical particles, of whic 
n” are oriented so that their energy is higher than that of th 
decline n which are in a ground state. The difference n= 

~A” will tend towards an equilibrium value e at a rate given 
by 























d7 (H= ay) 


nme, 
ee 


dt a 
where 7 is a relaxation time. 
This equation integrates easily to yield 
N= Teg? (t= Meg) inoe 2) 


Note that although this calculation is for single domain grains, 
the results apply to all systems which obey equation (1). 

If equation (2) is multiplied by the appropriate moment and 
integrated over all assemblies the change i mn total magnetization 
with time is obtained. The moment is JV where J is the 
saturation magnetization per unit volume. 

The relaxation time is given by 
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Where c is a rate assumed to be constant, K is the anisotropy 


constant, k is Boltzmann’s constant and T the. temperature. 
Only X and V will vary. Thus defining Wy (K) as the probability 
that a grain of volume V will have a K lying between K and 
K +dk, similarly that N(V) is the probability that V lies 
between V and V+dV, and N is the number of grains. 


M(t) = Meg +Nf | WAK) JV (n - Meghna g 


x exp[—er e -KVATIN(Y) dV dK —sé(4*Y 


where 
Mea = NfÍ Negd VN(V)WAK) dV dK. 


The first term in the integrand corresponds to viscous decay of 
the initial magnetization in zero field, the second to the acquisi- 
tion of a moment from a demagnetized state. 

Evaluating the time derivative of equation (4) and assuming 
that W(K) is independent of V: 


cee 


xexp[—cre *** "IN(V) dV (5) 


where An (K, V) 7 (n a Mea) aids 

As c~10'°s"' the integrand is small for small KV. It 
increases rapidly with KV as KV approaches about 30kT, 
reaches a maximum, and decays exponentially as KV increases 
further due to the term e `E VET, 

Thus the V integration can be performed using saddle point 


M'(t)= nf W(K) ak | JV Ano(K, V)[- 


methods’. If Vp is the solution of KV, = kT inct 
K max (2r) 31/2 
kT | a 
x IVe W(K) dK (6) 


A suitable average, K, can always be found such that 


B -Emn kT ) (= 
IM'(t) = Ano( K, In ct)N( == Inet 





x tan ct)J (7) 


K of course, is temperature dependent, and must lie between 
he maximum and minimum possible values of K. 

This result leads to three conclusions: first, that the time and 
emperature dependence are connected through T/K and in ct. 
second, that the form of this relationship depends on the 
yrevious history of the sample, and it is impossible to draw 
‘eneral conclusions from experimental results unless the initial 
tate has been specified. Third, that it depends on the grain size 
distribution. This last result differs from Dunlop's who 
concludes that this distribution is not critically important. 

The simplest initial state is probably that in which the sample 
tas been completely demagnetized. Consider then the acquisi- 
ton cf a viscous moment by a completely demagnetized sample: 

In this case 








Ang= Keg = —~JIV,H/3kT (8) 
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It should be possible to express the distribution as a power series 


N(V) = a, V’ 


Ir the following only one term in the series will be used, but the 
“extension to the general case is obvious. 
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Thus, assuming N(V)= AV’, and if the anisotropy is due to 
the shape of the grains, K = aJ°, and 


kT In ar 


iM‘) = BH( a 


(10) 
where B is a constant. 


A parameter which is frequently quoted is the viscosity 
coefficient. 


mp tM'(t) (11) 
S is often found to be proportional to the temperature’*“. This 
is true at low temperatures where J does not change very much, 
therefore r must be ~1. (Note that a log normal distribution 
yields r~~1 for the larger grains.) However, equation (10) 
would suggest that the intervention of the temperature depen- 
dence of J would lead to a more complex temperature depen- 
dence in general. 

Equation (10) is readily integrated to yield 
BH /(kT\*""' gn EEES 
A good way to determine N(V) or r would be to plot M(t) 
versus T (or T/J* if high temperature results are used) for equal 
values of t. 

The expression obtained for the viscous moment differs from 
those obtained by others. 

First, the moment depends on (In ct)” where m is determined 
by the grain size distribution. In general, however, it will be 
difficult to observe this experimentally because (In ct)” = 
(inc)™+(inc)"'(int), and a int dependence will be 
observed except after very long times. 

Second, the simple relationship M(T, In ct) = M(7T> In ch) 
which is frequently used’ will not hold in general. 

The time and temperature dependence of magnetic viscosity 
depends on the previous history of the sample. Therefore, unless 
N(V) att = Ois known an experiment on magnetic viscosity may 
yield bizarre, but meaningless, results. This is probably most 
important for experiments on viscous decay. On the other hand, 
if viscous acquisition is being measured it is probably safest to 
start with a completely demagnetized sample. 

Finally, an interesting comparison of equation (12) with 
experiment is possible: Pullaiah et al. remark that a magnetiza- 
tion acquired by heating a specimen of magnetite at 400 °C for 
10 days is not removed before 550°C if heating steps of 5 min 
are used. The samples were, in fact, expected to be completely 
demagnetized by 450°C if the relationship between time and 
temperature is the one they derive, namely 


Fa 


Mith= 


T,Inct, TT; Inet, 
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However, equation (12) indicates that the relation should be 


(te a)" _ (2 =) 
T-I (T) In ch 
With this result if r =—1 (which roughly corresponds to a log 
normal distribution), the temperature for complete demag- 
netization becomes 500°C, and for r = —1.6 it is 550°C., 

Similar arguments can be used to explain Pullaiah er al.'s 
observation that unblocking of NRM occurs at temperatures 
lower than they expected. 

Next it is interesting to calculate the moment acquired during 
cooling. 

The solution of equation (1) is complicated by the fact that n., 
and T are functions of time. Formally the solution is 
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where tis the time at which the moment is measured after the 
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material has cooled. Equation (13) may be rewritten 


n=| 7 *nelt){exp| -| rat] ar| (14) 
($) t 


For small ¢, that is initially, the argument of the exponential is 
large and therefore the integrand is small. It is small again as 
t> t, because the relaxation time r becomes very large. Thus, the 
method of steepest descents is again appropriate, and letting 


© KV f" i T 
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the value of n is 
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ft- is obtained from g'(t,)=0. In fact t will never be needed 
explicitly, but the condition g’(t,)=0 gives, if d/dt(K/T)=a 


KV ke 
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This equation may be solved for the temperature; this tempera- 
ture would then be the blocking temperature. It will be con- 
venient to modify the definition slightly so that the blocking 
temperature is 





2r)” KV 
e kintke/ Va) 
where Ka must be evaluated at the blocking temperature. 


Now, returning to equation (16) we can evaluate n by intro- 
ducing the expression for neq, equation (8) 


Te = 





(18) 


and 


g'i j= Re 
7 k 


k dt 

In equation (16) the values of J and a, which are temperature- 
dependent, are evaluated at Tp. For single domain grains, where 
shape anisotropy dominates, K is proportional to J? (ref. 8). 

The parameter a depends on the particular way in which the 
material cools and is temperature and time dependent in 
general. The algebra becomes simpler if a is assumed to be 
constant. This is a relatively good approximation: it corresponds 
to a cooling law such that d/dr(1/T)= constant. A similar 
approximation is made in ref. 3. If a is constant 
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combined with equations (20) and (21), (16) yields the eminently 
reasonable result that n is given by the equilibrium expression 
evaluated at the blocking temperature: 


_JaVH 
3kT, 


The magnetization is now 





VE 
m=n{/ uv ~|N(V)WiK) dV aK (21) 
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K may be replaced by its average as before, however, its 
temperature dependence must be retained. 


Assuming that N(V) obeys a power law N(V)=AV’, equa- 
tion (21) becomes 
NJHA MHA f ” Ja 
eee Veo V 


‘It is convenient to integrate with respect to either J, or Ta. 


~ Assuming that K 


= bJ” and that J=J,(1-7/T.''", equation 
(22) yields a hypergeometric function which reduces to 


NAJH p 2 <T. \, ke |" ae 
= Vv" Be (23) 
ME a E NT z) eV Ge 





In obtaining this result In ke/ Va which varies slowly with V has 
been assumed to be constant, and taken outside the integral. Ver 
is an appropriate average V, 

Vm is the blocking volume at the highest temperature of 
interest. Most of the moment is preduced in the range from 
about 50 K below the Curie temperature to room temperature. 
Therefore V,, will be taken to be tke volume of those grains 
whose blocking temperature is ~50K below the Curie 
temperature. Vm is ~30 times Vo, the blocking volume at room 
temperature. 

Note that the grain size distribution only influences the cool- 
ing rate effect by possibly affecting Vg, and this is completely 
negligible. Note also that the cooling rate dependence does not 
depend on the temperature dependence of J, at least of the order 
of the approximation used here. 

We can now estimate the effect of a change in cooling rate on 
the resultant moment: In (kc/V.sa@) may be estimated as 
follows, a =[A(K/T)/A_t] so that_m going from the Curie 
temperature to room temperature K/T increases from zero to 
K,/T, where Ky, and Te refer to room temperature, thus 

ke _ KTo Ni 
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now V.gKo/kTo is of the order of 30 and if c ~3x 10%” 
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If At is changed by a factor of 10 the moment should change by 
about 6% for magnetite. For haematite‘, on the other hand, if 
K =aJ* the change should only be about 3%. 

These results are in broad agreemert with the calculations of 
Dodson and McClelland-Brown’, -n the sense that the 
integrated change in moment is in the low range of values 
obtained by them for an assembly of identical grains. 

At present the only experimental results are those of Fox and 
Aitken’: for various samples of potter» they obtain an increase 
of between 3% and 9% in the moment tor a decrease of an order 
of magnitude in the cooling rate. This agrees with the results 
obtained above as the carriers of the magnetization in pottery 
are believed to be monodomain grains ef magnetite. It would be 
desirable, however, to have more prec'se experimental results. 

An approximate expression for the moment produced during 
cooling from just below the Curie temperature has been 
obtained. We conclude that: the effec: of cooling rate on the 
resulting moment is not sensitive to the grain size distribution or 
the temperature dependence of J. But is sensitive to the form of 
the temperature dependence of K on J; an order of magnitude 
increase in cooling rate leads to a 6% decrease in moment for 
magnetite, but only 3% for haematite. l 

I thank Dr D. J. Dunlop for commests, Dr M. J. Aitken for 
communicating experimental results before publication. This 
work was supported by a grant from tae Natural Science and 
Engineering Council of Canada. 
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carbonate minerals at 
low levels by evolved CO, analysis 
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Recent differential thermal analysis (DTA) investigations of 
carbonate minerals using a flowing CO, furnace atmosphere’? 
have shown that amounts as low as 0.25% (2,500 p.p.m.) may 
be detected in natural or synthetic mixtures, a significant 
improvement on that possible using static air DTA or con- 
ventional X-ray diffraction techniques. We show here that 
carbonate minerals can be routinely detected in the hundreds of 
p.p.m. concentration range using a non-dispersive IR CO, 
detector linked to a DTA furnace and describe modifications to 
the technique which permit the detection of certain carbonates 
below 100 p.p.m. The method described gives both an analytical 
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Fig. 1 CO, evolution profiles obtained from: a, 0.2%; b, 

500 p.p.m.; and c, 50 p.p.m. nominal concentrations of carbonate 

minerals in alumina. Evolution profiles in a and b were obtained 

using a carrier gas flow rate of 300 ml min ' and in ¢ with a flow 
rate of 100 mi min . 
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Fig. 2 Plot of evolved CO, peak temperature versus log mass of 
CO, evolved for the eight carbonates investigated. 


determination of CO, and an identification of the mineral 
species responsible for CO, generation. It should be of use in the 
study of trace constituents in rocks, sediments, soils and ores and 
as a quality control technique in industrial processes. 

Details of the DTA-EGA (CO) system have been given 
previously’. Briefly, this consists of a DTA furnace swept at 
300 ml min™' by a carrier gas stream consisting of a 2: 1 mixture 
by volume of nitrogen and oxygen and linked by a stainless steel 
line to a non-dispersive IR CO, detector. This has two analysis 
cells capable of measuring up to 1,000 and 10,000 p.p.m. CO, in 
the carrier gas stream, although for the present study only the 
most sensitive cell was used. Output signals from the detector 
are fed into an external chart recorder which also monitors 
sample temperature. Additional, more sensitive ranges on the 
chart (0-500 and 0-100 p.p.m. fsd) are obtained through x2 and 
x10 signal amplification switches on the detector. 

A standard mass of sample (150 mg) is lightly packed into a 
dimped Pt- crucible and this placed in the DTA head. A heating 
rate of 15°C min™ is used. Areas of the CO, evolution profiles 
on the chart are measured with a planimeter and the amount of 
CO, evolved obtained by calculation’. 

Eight X-ray pure natural anhydrous carbonates were 
examined: witherite, strontianite, calcite, dolomite, magnesite, 
siderite, smithsonite and cerussite. Each mineral was ground to 
pass a 200-mesh sieve and mixed with alumina to give a dilution 
sequence covering the range 2% to 50pp.m. The 
alumina/carbonate mixtures were placed in glass screw-top 
bottles and mechanically shaken for 20 min. No precautions 
were taken to obtain a statistically uniform 150 mg sample for 
analysis as the amount of carbonate mineral present was 
determined from the area of the CO, evolution profile. 

Figure la~c shows CO, evolution profiles given by the eight 
carbonates at nominal concentrations ranging from 0.2% to 
50 p.p.m. At 0.2% (Fig. 1a) all the carbonates give sharp peaks 
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with virtually no baseline drift. Areas of the peaks vary in 
proportion to the CO, contents of the minerals which range 
from 52.2% for magnesite to 16.5% for cerussite. Detection 
limits are obviously influenced by this factor, although with 
decreasing concentrations other factors become increasingly 
important. In the concentration range examined, CO, release 
from witherite is governed more by solid-state reaction with 
alumina than by simple dissociation’. As a result, CO, evolution 
occurs over a relatively large temperature range and the mineral 
does not give recognizable peaks at concentrations <500 p.p.m. 
Kinetics of the dissociation are also relevant: cerussite, although 
containing less than half the CO, content of smithsonite, can be 
detected at lower levels because of its sharp CO, evolution 
profile (Fig. la, b). 

Figure 2 summarizes the data obtained for the dilution 
sequences using a carrier gas flow rate of 300 ml min™'. Values 
in p.p.m. to the left of the figure represent the lowest concen- 
tration at which each mineral gives a well-defined CO, peak. 
Reducing the carrier gas flow rate would be expected to improve 
detection limits due to the effective increase in CO; content of 
the carrier gas. However, at slower flow rates convection cur- 
rents in the furnace assume a much greater importance. These 
are especially noticeable in the 150-450 °C range and cause 
irregular flushing of the evolved CO, and a consequent increase 
in background noise-to-signal ratio in the detector. Detection 
limits for cerussite and smithsonite, which dissociate within this 
temperature range, were not, therefore, significantly improved 
at slower carrier gas flow rates although satisfactory CO, peaks 
were obtained from magnesite, calcite and strontianite at 
nominal concentrations of 50 p.p.m. using a carrier gas flow rate 
of 100 ml min“! (Fig. 1c). 

Plots of evolved CO, peak temperature versus log mass of 
CO, evolved (Fig. 2) are straight lines which become shallow 
curves in the lower concentration ranges (this curvature is 
experimental and is a function of the rate of diffusion of CO, 
from the carbonate~alumina mixture). In general, the higher the 
dissociation temperature of the carbonate, the greater the slope 
of the line, a similar relationship to that existing between plots of 
DTA dissociation peak temperature and mass of the various 
carbonates at higher concentrations’. The exception is siderite 
which shows no variation in CO, peak temperature with dilu- 
tion; note that Warne® found that the temperature of the 
endothermic DTA peak of this mineral was also relatively 
insensitive to dilution. 
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The CO, peak temperature-concentration relationships 
presented in Fig. 2 provide the basis for both identification and 
quantification of individual carbonates present at low levels in 
natural mixtures although it is apparent that distinction between 
calcite and dolomite is impossible in the experimental conditions 
used and some difficulty might be anticipated in differentiating 
between magnesite, siderite and smithsonite, especially when 
variations in thermal behaviour of the natural minerals are taken 
into account. This topic will be discussed in detail elsewhere but 
note here that placing a porous cap over the Pt-crucible resulted 
in a marked separation of dolomite and calcite peaks at concen- 
trations of 1% and above (Fig. 3). Evolution of COQ, from 
magnesite is also retarded to a much greater extent than from 
siderite or smithsonite by the porous cap and this mineral is 
readily distinguishable in 0.5% artificzal mixtures with the other 
two carbonates. 

This work was carried out while A.E.M. was in receipt of a 
Natural Environment Research Council CASE studentship. 
The paper is published by permission of the Director, Institute 
of Geological Sciences. 
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The shape of reef corals is affected by light level’? and by wave 
stress’*, leading to the well-known zonation of coral form 
associations with exposure and depth“. Growth form also 
seems to be constrained by geometric factors’. Similarly, 
coral calcification rate, of importance both for coral form and for 
net reef growth, is light dependant’”’”, and may be affected by 
other factors such as wave stress and sediment flux. Here the 
growth structure of raised Pleistocene reefs in New Guinea, of 
both fringing and barrier types, is explained in terms of varia- 
tions of coral framework growth rate across the reef profile. A 
model for growth rate in terms of wave stress, light level and 
other variables is outlined, first by examining the effects of these 
factors on coral form and diversity. 

Growth form responses to several factors are outlined in Pig. 
1, on the following basis. (1) Light response: Porter's general 
argument that surface-to-volume ratic should diminish as light 
increases’ is contradicted by types which show globose to platy 
polymorphism'*. A better index, consistent with Porter's 
argument, is the ratio of polyp-covered surface to the projected 
surface area seen from above. (2) Hydrodynamic stress 
response: adaptation will be to increase structural strength as 
wave/current stress increases’’':'*. (3) Sediment flux effect: 
advantageous forms, where sediment fux is high, would inter- 
cept the smallest proportion of settling sediment per unit surface 
area, for a given polyp size’. (4) Subaerial exposure: significant 
on many reef flats, the best adaptation is Ekely to be that which 
maximizes stored water capacity by minimizing surface-to- 
volume ratio as well as maximizing sideways spreading. Note 
that Fig. 1, outlining these responses, is not exhaustive and 
interpolations can be made in any row, for example, types 7 and 
8 have similar or lower polyp surface, projected surface ratios 
than type 1, and can be placed at the left in row 1. 
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Fig. 1 Coral form responses to environmental stresses. 


Net reef growth not only depends on coral calcification rate, 
but is also affected by the type of framework built by the local 
assemblage of forms. Figure 1 indicates that form assemblage 
will vary with the net balance of the four stress factors, which 
vary with position, as follows. Light diminishes with depth, 
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although it seems not to be stressful until the depth where 
photo-adaptation (increasing zooxanthellae) ceases to 
change’’*, Wave stress increases with square of wave height and 
declines negative-exponentially with depth. The stress imposed 
by settling sediment should increase slowly down the windward 
forereef; it is significant on the reef flat, and also is high where 
sediment overspill to the backreef is high. Subaerial exposure on 
the reef flat increases with height above lowest spring tide level. 
These variations are shown in Fig. 2 for an idealized reef 
cross-section. Characteristic coral community forms, projected 
in Fig. 2 in the light of Fig. 1, are consistent with zonations 
described by others?®**, Note that when wave exposure is very 
high, the encrusting coral zone at the reef margin (shown at ‘7° in 
Fig. 2) often is replaced by algal bioherm*"®. 

Hypothetical diversity curves also are shown in Fig. 2, based 
on net stress (= sum at any point of stresses shown graphically in 
Fig. 2). Diversity ranges from maximum when environmental 
stress is small, down to zero when any factor is limiting”. 
Diversity curves in Fig. 2 are based on an assumed inverse- 
linear relationship between net stress and diversity. The curve 
for the forereef compares well with Porter’s results from a 
Panama reef’? when these are smoothed to eliminate variations 
related to local topographic effects. No account is taken, in 
compiling Fig. 2, of the ‘intermediate disturbance’ effect’? on 
diversity of events such as cyclones. 

Coral morphology and diversity zonation have been accoun- 
ted for by others in terms of depth variation of wave stress and 
light’*'®'’. In this regard, the semi-quantitative relationships 
underlying Fig. 2 are valuable. It is also suggested that growth of 
coral framework is constrained by the four stress factors in the 
same way as is diversity in Fig. 2, that is, that growth diminishes 
as net stress increases until any factor becomes limiting. This is 
tested by simulating reef growth and comparing the results with 
known reef growth structures. 

A simple computer model to simulate reef development was 
arranged as follows. Each of the four stress factors was given a 
range 0-1 and net stress taken as the arithmetic mean at any 
point on the evolving profile. Growth ceases where any factor 
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Fig. 2 Idealized variation of coral community forms and diversity from sums of stresses across simple reef section. 
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1. Stable sea level 


sea level stable 


2. Sea level rise= % of ~ 
max. coral growth rate 


3. Sea level rise = max 
coral growth rate 


Fig.3 Reef growth: computer model results using stress factors as 
in Fig. 2, with different rates of sea-level rise. 


reaches the limiting value of 1. Wave behaviour was modelled as 
Airy waves outside the breaker line, solitary waves inside it, with 
standard equations for bed shear, and so on.” Energy dis- 
sipation at wave break was assumed to be 75%. Maximum 
possible growth rate was 1 cm yr™’. Light stress was assumed 
0-15 m depth and to increase then to become limiting at 40 m. 
Waves of 2m at 8s (800 W m`’ of wave crest) were input 
(assumed not to be limiting). Sediment flux, taken as equivalent 
to the rate of wave energy loss from bed friction, was assumed 
limiting when wave power loss reached 100 W m™ per m of 
wave advance. These values are taken in accordance with my 
observations of modern and Pleistocene reefs at Huon Penin- 
sula, New Guinea’, with which model results are compared, 
below. Variations from these values alters scaling dimensions 
but not the form of the results. 

Reef development is affected by previous topography which 
developed sub-aerially during Pleistocene low sea levels?” 
This is simplified in the model by using a rectilinear initial 
substrate, which accords with the New Guinea case’'. The rate 
of sea-level rise during deglaciation, relative to maximum 
potential growth rate of framework, is also important for reef 
growth structure*', although the extent to which Darwin’s 
hypothesis, that barrier and lagoon structure arises from rising 
relative sea level (submergence), is debated”. Accordingly, Fig. 
3 shows three runs of the computer model, with sea-level rise 
rates of 0.0 cm yr’, 0.5 cm yr™*, and 1.0 cm yr“! respectively. 
The first two cases induce formation of a fringing reef; in the 
third case a barrier and lagoon develops. 

The model is compared with late Pleistocene reefs for which 
the growth history is known, shown in Fig. 4. These developed 
during sea-level changes centred on the last interglacial period, 
-© 133-120 kyr ago, and are now exposed well above sea level 
through tectonic uplift, at Huon Peninsula, New Guinea?! 

_ (examples 1, 2 in Fig. 4), and at Atauro Island, Timor’ (exam- 
ple 3). Also shown is the pattern of ‘absolute’ sea-level change 











for the period”. Mean growth rates differ between the Huon 
and Atauro examples; Huon reef Vila grew 50 m in <10,000 yr 
(> 0.5 cm yr™'), while the Atauro reef grew 40 m throughout the 
entire interval of 145-115kyr (0.13 cmyr™'). The rate 
difference is not due to uplift rate or substrate slope differences 
as these are matched in one or the other of the Huon cases (Fig. 
4), and is probably caused by clastic sediment flux which is much 
greater at volcanic Atauro than at Huon Peninsula, where the 
hinterland is limestone. This is supported by the fact that Huon 
Peninsula coasts away from the limestone region have a vol- 
canogenetic hinterland, high clastic flux, and only minor reefs. 
Coral zonation in the Huon reefs, described by Chappell”, is 
consistent with Fig. 2 (no major algal bioherm occurs at reef 
crest on this moderate-energy coast); these zones are simplified 
to backreef (B), shallow forereef (5), and so on, in Fig. 4. Major 
facies boundaries trace the course of reef growth. 

The structures in Fig. 4 compare well with computer model 
predictions in Fig. 3 when growth rate-—sea-level rise rate rela- 
tionships are considered. Maximum growth rates in Holocene 
reefs at Huon Peninsula, which are comparable to the raised 


for the NW Huon section slightly exceeded this, at ~1.0 emyr” 


(uplift for this section being only 0.05 cm yr `), and a barrier- 
lagoon structure developed (see model case 3 in Fig. 3). Relative 
sea-level rise rate for the south-east Huon case is lower than 
maximum potential growth rate, at 0.6 cm yr™', due to rapid 
tectonic uplift (0.4 cm yr™' at this section), and a fringing reef 
formed (see model case 2 in Fig. 3). In the Atauro case the 
potential reef growth rate seems to have been much lower than 
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Fig. 4 Mapped cross-sections of late Pleistocene reefs at Huon 
Peninsula, New Guinea”, and Atauro Island, Timor”. 
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relative sea-level rise rate, resulting in formation of a trans- 
gressive shelving reef which continued to grow slowly through 
the interglacial and into the early phase of the subsequent falling 
sea level. 

In conclusion, raised Pleistocene reefs at Huon Peninsula, 
where major variations of uplift rate along the coast provide the 
opportunity for examining reefs formed under different relative 
rates of sea-level rise, are compatible with a model for reef 
development which relates growth rate to net environmental 
stress. As the model is semi-quantitative, its predictions as to 
growth rates, coral forms and coral diversity, as functions of the 
four stress factors invoked, are readily testable through further 
observations. 
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Recent papers on the evolution of the planktonic Foramini- 
ferida have stressed the importance of repeated patterns” in the 
Neogene and Palaeogene, as well as in the Cretaceous’ *. Most 
authors have recognized the importance of gross morphological 
characters (the biocharacters of Steineck and Fleischer’) and 
used them to illustrate the evolution of the superfamily Glo- 
bigerinacea, as well as a prime tool in classification. Cifelli' and 
Frerichs relate such patterns of evolution to the available 
palaeotemperature data, and while temperature is clearly 
important I shall show that it is not the complete story. Here the 
evolution of the planktonic Foraminiferida is reconsidered in 
the light of recent advances in the understanding of dis- 
tributional controls of the modern fauna. I suggest that well- 
known ‘iterative’ trends indicate successive attempts at coloniz- 
ing deeper levels in the water column. 

In the planktonic environment, and especially in the surface 
waters where the planktonic Foraminiferida are most abundant, 
faunas avoid competition by adjusting their regional dis- 
tributions to the different surface water and temperature 
regimes and by sometimes seeking different levels in the water 
column in their adult growth form. Bé° has summarized his 
extensive knowledge of the modern fauna, and confirmed a 
threefold subdivision of the water column; shallow-water fauna 
(0-50 m), intermediate-water fauna (generally 50-100 m) and 
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deeper-water fauna (with adults normally below 100 m). This 
distribution can be identified in the Cretaceous using oxygen 
isotope data’ or, more conventional, stratigraphic information’. 

Using planktonic:benthonic ratios (counted on the 
500-250 um grain-size-fraction) a depth curve® has been 
produced for the Albian—Santonian interval of the Cretaceous 
succession in south-east England. A sample interval of 1 m (or 
less} was used throughout that study and the reliability of the 
graphs produced was tested by regional correlation”'’. That 
water depth curve has many major features in common with 
other postulated depth curves for the same area ™'?, although 
there are some minor differences'*. Onto this depth curve Hart 
and Bailey® have reconstructed the evolutionary trends of the 
mid-Cretaceous planktonic Foraminiferida, placed at their 
predicted water depth (following the Bé° model) and confirmed 
by their distribution in the shelf seas prevailing over north-west 
Europe at that time. In all the examples cited, mid-Cretaceous 
evolution either proceeds horizontally within the same depth 
zone, or migrates downwards into a lower depth zone. I know of 
no examples of evolution following a trend up into a higher level 
in the water column. As indicated by Hart and Bailey*, the 
distribution of an individual species and its appearance in time 
is, therefore, a function of the water depth available over the 
shelf during any particular interval. Differences in the known 
stratigraphic ranges of certain species are to be expected when 
one compares the UK succession with those recorded in the 
oceans by the Deep Sea Drilling Project’*, or even areas like the 
Tethyan/Alpine region of Southern Europe'*. Using this 
experience of the mid-Cretaceous fauna the central part of Fig. 1 
was constructed, and then extended to include both the 
late Cretaceous/Cenozoic and the Triassic/Jurassic/early 
Cretaceous, with the aid of data from the literature ®. The 
depth preferences for each of the biocharacters is given where 
this is possible (following refs 6, 8), although this is clearly a 
great approximation the further one goes back through the 
geological record. There are also some characters that do not 
appear in all parts of the record, the most obvious being the lack 
of twin-keeled forms in the Palaeogene and Neogene, and the 
absence of biserial morphotypes at present. 

Throughout the preparation of Fig. 1 the regional dis- 
tributions of genera and species, together with their 
palaeoecological associations, have been considered. While the 
proposed model seems to cover most stratigraphic situations, 
there are clearly many cases where local palaeo-oceanographic 
conditions have created apparently anomalous occurences of 
deeper-water morphotypes in what are regarded as shallow- 
water sediments (for example, Globotruncana spp. in the 
Campanian/Maastrichtian marginal calcarenites of Scania, S. 
Sweden; Rotalipora spp. in the Lower Middle Cenomanian 
calcareous sands of south-east Devon’; the apparently 
contradictory distribution of certain spinose/smooth species in 
parts of the Palaeogene; and the occurrence of some species of 
Acarinina and Morozovella in Palaeogene shallow-water 
sediments). Interesting, and important, as these individual cases 
may be, they do not negate the longer-term, overall trends 
outlined here. 

Following my experience of mid-Cretaceous planktonic 
foraminiferal evolution’, it is possible to consider the complete 
Triassic to Recent time interval. Figure 1 shows the successive 
appearance of certain biocharacters exhibited by the whole 
superfamily Globigerinacea from its benthonic source (fully 
discussed by Masters'*) in the Triassic(?). This original, primi- 
tive, shallow-water ‘globigerinid’ form remains virtually 
unchanged until the mid-Cretaceous (Aptian) when the first 
evolutionary explosion began. During, and following, the 
Aptian and Albian there was a very rapid appearance of new 
morphotypes of planktonic Foraminiferida, and their suggested 
depth stratification from this time onwards up the geological 
succession can be enclosed by the dotted line shown in Fig. 1, 
and contours the repeated conquest of deeper, surface, water 
habitats. This ‘envelope’ is also represented in Fig. 2, on which 
are also indicated the oceanic anoxic events of Schlanger and 
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Fig. 1 Depth stratification model for the evolution of the planktonic Foraminiferida. Pseudotex., Pseudotextularia; Chiloguem., Chiloguem- 
belina, Plum., Plummerita; Hant., Hantkenina, Tic., Ticinella; Rot., Rotalipora; T. top., Truncorotaloides topilensis (Cashman), Globigerinaid’ s, 
Globigerinoides; Archaeo., Archaeoglobigerina; Rug., Rugoglobigerina; Orb's, Orbulinoides; Cataps., Catapsydrax, Pian., Planomalina; 
Pseudohast., Pseudohastigerina, Clavig., Clavigerinella; T. cent., Turborotalia centralis (Cushman & Bermudez). D.h., Dicarinella hagni 
(Scheibnerova); P.h., Praeglobotruncana helvetica (Bolli); G.c., Globotruncana calcarata Cushman; G.g., G. gagnebini Tilev; G.ga., G. gansseri 
Bolli; D.co., Dicarinella concavata (Brotzen); M.c., Morozovella caucasica (Glaessner); T.t., Truncorotalia truncatulinoides (d'Orbigny), Pg., 
Praeglobotruncana gibba Klaus; and G.co., Globotruncana contusa (Cushman). | 
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Jenkyns’’ { together with the modifications proposed by Arthur 
and Schlanger'® and Jenkyns" *), These anoxic events coincide 
with the levels of maximum faunal change (for example, the late 
Cenomanian-early Turonian boundary, the Aptian—Albian 
interval, and the Coniacian—Santonian interval). The ‘envelope’ 
is also similar, in broad outline, to many published trans- 
gression/regression models''’*, especially that figured by 
Schlanger and Jenkyns'’; the present curve is produced simply 
by matching foraminiferal test morphology against a Recent 
water depth scale‘. 

This close similarity suggests that the evolution of the plank- 
tonic Foraminiferida may be a function of increasing water 
depth on or near the shelf, which is, after all, where productivity 
is at its highest. This would be particularly true if a rising sea 
level was actively eroding its shorelines, thereby providing a 
vital nutrient source (Fig. 4 of ref. 19). This argument cannot, 
however, be applied to the Miocene—Pliocene interval where the 
same evolutionary patterns have been produced by a falling sea 
level. The same problem exists if one applies a temperature 
model; rising temperatures in the mid-late Cretaceous, and 
generally falling temperatures in the Miocene—Pliocene. Per- 
haps one should consider the stability of the stratification of the 
water column as the control. The oceanic anoxic events'’'° 
imply a certain degree of stagnation of the water column, 
probably created by overproduction of phytoplankton in the 
surface waters, and a lack of O.-rich waters being introduced 
into the ocean basins from cold polar sources. In such a situation 
the oceans probably become very sluggish and highly stratified. 
Such a stratification of the water column immediately implies a 
host of physical/chemical constraints’’ including temperature. 
If the plankton in the water column were stimulated into high 
productivity by a rising sea level over the extensive Cretaceous 
shelf seas, there is the possibility that the associated O,- 
depletion of the water could have contributed to the localized 
(and ‘in some cases quite widespread) stagnation of the ocean 
floor (and the expanded shelf areas at times of high sea level) ina 
highly stratified situation. 

During three main intervals of time (mid-late Cretaceous, 
Palaeogene and Neogene) the planktonic Foraminiferida 
apparently adapted (or were forced to adapt) to the status quo, 
and when the stratification was disturbed (by the terminal 
Cretaceous Event”, and the late Oligocene Event) they were 
then obliged to repeat their evolution as a direct response to the 
new situation. 

This response has provided the successive appearance of the 
morphological features reported in Fig. 1 and the concomitant 
palaeotemperature values recorded by Douglas and Savin’. 
These various attempts to occupy the same levels in the water 
column have produced some remarkable examples of 
homeomorphy. Perhaps the best is the repeated evolution of the 
deeper-water plano-convex forms, with the successive 
appearance of the completely unrelated Praeglobotruncana 
helvetica (Bolli), Dicarinella concavata (Brotzen), Globetrun- 
cana gansseri Bolli, G, gagnebini Tilev, Morozovella caucasica 
(Glaessner), and Truncorotalia truncatulinoides (d’Orbigny). A 
not so extreme form of this morphotype (Globotruncana stuar- 
tiformis Dalbiez) was assigned to deeper levels in the water 
column on the basis of isotopic determinations by Douglas and 
Savin’. 

While the proposed model (Fig. 1) is clearly for further 
discussion and research it does highlight many problems of 
foraminiferal classification. Can Masters'® be supported in his 
attempts to rejuvenate the use of Globigerina for Cretaceous 
species, when some workers in the Cenozoic feel unjustified 
in using that name back beyond the Neogene? It would also 
seem to indicate that in many places in the Cretaceous we 
are not using a phylogenetic classification, although the 
desirability/undesirability of such an approach is not being 
promoted by this account. 

The recent work on isotopes/palaeotemperatures’ has 
suggested a depth stratification model for planktonic Foramini- 
ferida as far back as the Albian, and this is supported here. Also, 
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if one could establish a direct relationship between eustatic 
changes (and their associated transgressions and regressions), 
phytoplankton productivity, evolution, and the production of 
anoxic sediments at selected levels in the geological record 
(particularly in the Cretaceous) then this would provide an 
interesting avenue of palaeo-oceanographic research. 
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The primary photochemical process in algal and green-plant 
photosynthesis is a one-electron transfer reaction from a 
chlorophyll donor species to an electron-acceptor molecule, 
with the electron transfer taking place across the thylakoid 
membrane probably within a special reaction-centre protein’. A 
similar process takes place in bacterial photosynthesis. We have 
mimicked this reaction through the synthesis described here 
using the method of Kong and Loach’, of a single molecule 
(P-Q) (I) containing a porphyrin (P) linked to a quinone (Q) by 
a hydrocarbon chain. When illuminated with visible light an 
intramolecular electron transfer occurs from the porphyrin to 
the quinone creating the biradical P:-~Q* which can be detected 
by electron paramagnetic resonance (EPR) spectroscopy. In 
certain conditions the electron transfer is reversible. 
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There has been considerable interest in constructing various 
models to mimic the in vivo photochemical system. These have 
< ranged from models of the primary donor and. intermediate 
~-electron—acceptor complexes” , monolayer assemblies ~ 
o vesicles''’*, intramolecular exciplex complexes *- -18 to chloro- 
~~ phyl-quinone electron transfer in solution’’. The P-Q 
compounds with n =2 and 3 were previously synthesized by 
Kong and Loach’. They reported that the benzoquinone oxida- 
tion state quenches the fluorescence of the attached porphyrin in 
dioxane and petroleum ether with a very low fluorescence yield 
in the latter solvent. Tabushi ef al?” reported that in (ID) 
fluorescence was considerably quenched compared to that of the 
unlinked porphyrin. They have attributed the fluorescence 
quenching to electron transfer but presented no direct evidence 
for such a mechanism. 





(If) 


In the synthesis of P-Q (I with n = 3) we followed the method 
of Kong and Loach’ except that we started with the more stable 
2,5-dimethoxylphenylacetic acid. The purity of the final 
compound was assessed by NMR and mass spectra which were 
consistent with (I) and by obtaining a single spot on thin layer 
chromatography using two separate solvents on silica gel. We 
also found that the fluorescence of P-Q (n = 3) in methanol at 
room temperature is quenched to an extent of 90% compared 
with that of the free porphyrin; however, this observation alone 
does not prove that photochemical electron transfer has taken 
place. More direct evidence can be obtained from EPR 
measurements. Both steady-state and transient EPR 
measurements were carried out for concentrations of P-Q 
between 10°* and 10° M in a frozen methanol plus 2% chloro- 
form solution between 12 and 165K. The P-Q UV-visible 
optical spectrum obeys Beer's law for concentrations up to 
5x 107* M. Above that there are some changes in the spectrum 
which could be due to dimerization. However, all measurements 
were carried out down to 10°*M with little or no change in 
behaviour. For T < 150K, photolysis with a 200 mW 647 nm 
Spectra Physics Krypton cw laser beam or with a Phase- 
R620nm pulsed dye laser generated an irreversible light- 
induced EPR signal. The spectrum (Fig. 1a) was found to be 
nearly invariant for tem yeratures below ~ 150K. The g factor 
and the lineshape are similar to those of the unlinked porphyrin 
P: (Fig. 1c). However, on subtracting the Pt spectrum from that 
of Fig. la (to the extent of one-half of the latter’s integrated 
intensity), the difference spectrum of Fig. le is obtained, which 
is neither that of Pt (Fig. 1c) nor the unlinked quinone Q“ (Fig. 
1d). We have performed several control experiments in which 
the unlinked components P and Q were photolysed in methanol 
at low temperatures. When the concentration of Q is 1,000 times 
that of P, we observe irreversible intermolecular electron trans- 
fer, as shown in the EPR spectrum of Fig. 1b. When the 
spectrum of Pt is subtracted from Fig. 1b in the same manner as 
before, the difference spectrum of Fig. 1f is generated. This 
spectrum is similar to that of the unlinked Q” (see Fig. 1d) 
allowing for some spin exchange broadening effects. However, 
when P and Q are mixed at the same low concentration, the 
quantum efficiency of production of the EPR photolysis spec- 
trum is much less than that generated by photolysis of the same 
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concentration (2 x 107* M) of the P-Q complex as shown in Fig. 
2. Both meso-tetratolylporphyrin in chloroform/methanol and 
meso-tetra(4-carboxyphenyl)porphyrir inmmethanol were used, 
and nearly the same low yield of radicals was obtained. 
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Fig. 1 Typical irreversible EPR spectra observed after the - 
200 mW 647 nm Krypton cw laser photolysis (except for c and d) > 
of linked and non-linked P and Q compounds in methanol obser- 
ved at 100K with EPR detection conditions of 0.2 mT modulation. 
amplitude at 100 kHz and 1 mW microweve power at ~ 9.0 GHz 
The vertical line in each case indicates the >” g factor: a, eee 
spectrum observed from the linked compound P-Q at 2x10 
concentration; b, photolysis spectrum sbserved from 10% è 
meso-tetra(4-carboxyphenyl)porphyrin with 10°'M benzo- 
quinone; c, meso-tetratolylporphyrin radical cation (obtained by 
iodine oxidation) at half of the integrated amplitude or conces- 
tration of part a; d, spectrum of semireduced quinone (obtained ty 
the air oxidation of 2,5-dihydroxyphenylecetic acid) at half of the 
integrated amplitude or concentration of part a; e, difference 
spectrum of a (P-Q) minus c (P”) which removes the theoretical 
50% contribution of P” from the PO photolysis spectrum; į 
difference spectrum of b (P* and O°) min: asc (P>) which removes 
the theoretical 50% contribution of F” from the separated 
component spectrurt. 


On the basis of these steady-state EPR measurements, we 
conclude that the irradiation of P-Q results in an initial 
intramolecular electron transfer with high yield; however, there 
is also probably a low-yield contribution to the spectrum 
resulting from some electron transfer irto the solvent or inter- 
molecular transfer to the quinone mmiety of another P-Q, 
molecule. i 

As a further test of our intramolecular electron TE | 
hypothesis, we carried out flash-photclysis experiments with 
EPR detection”’ as the temperature was raised from 90 to 
~ 160K (about 15° below the melting point of methanol). A 
large irreversible EPR signal was generated by photolysis at 
about 140K, as shown in Fig. 2. However, as the temperature 
approached 160K, the EPR kinetics became almost totally 
reversible, as shown in Fig. 3. The reversibility at 160K was very 
strong as the recorder pen of the Varian E-12 100 kHz EPR 
spectrometer jumped with each ~~ 1 mJ flash of the red-filtered 
Photochemical Research Associates Medel 610A Pulsed Light 
Source. The magnetic field profile cf the EPR transients 
matched very well to the spectrum showr: in Fig. 1a. Note that no 
reversible EPR signal could be observed by photolysis of solu- 
tions of the mixed unlinked components P and Q in conditions 
identical to those in Fig. 3 at 160K. : 
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Fig. 2) Amplitude of the g = 2.0 EPR photolysis spectra induced 
by 620nm photolysis at 140K in methanol followed by rapid 
«cooling to 100K (where the spectra were measured as in Fig. 1) 


plotted as a function of the number of pulsed dye laser flashes with 


_~20 mJ per flash and a flashing rate of 1 Hz: for 2x 10°" M P-Q 
{x}; and for meso-tetra( ieee e Pan and benzo- 


quinone each at 2* 10 (O}. 





EPR response (arbitrary units) 
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Fig. 3 Typical flash induced reversible EPR kinetics observed at 
160K at the first derivative low field maximum of the spectrum of 
Fig. la for 2x 10°* M P-Q in methanol. The pulsed xenon light 
source was filtered by a Corning CS-262 Alter with ~ 1 mJ per flash 
and the flashing rate was 0.1 Hz with 256 flashes accumulated in 
each kinetic trace and with EPR detection conditions of 0.5 mT 
modulation amplitude at 100 kHz and 5 mW microwave power at 
~§.0 GHz: a, time-domain of 200 ms; b, time domain of 5s; 
c, logarithmic time domain up to 5s. 


Note that the observed Jedro tande kinetics (see Fig. 3) 
aré approximately logarithmic i in time over nearly four orders of 
magnitude, as shown in Fig. 3c. Ke et al.” have carried out a 
quantitative analysis of the charge recombination in photosys- 
tem I of green plants at low temperatures, and have shown that 
log ¢ kinetics can be observed for an intramolecular electron- 
transfer process. They showed that the log t kinetics can be 
explained by assuming a rectangular distribution function for 
the distances separating the reacting species, or for some other 
parameter, such as the activation energy, for which the rate- 
constant is an exponential function. On the basis of the restricted 
temperature domain for the observations of electron-transfer 
reversibility in the present work, we assume that we are observ- 
ing a rectangular distribution in activation energies rather than a 
distribution of donor-acceptor distances leading to a tempera- 
ture-independent electron tunnelling expression. Thus, at ~ 15° 
below the melting point of methanol, we assume that there is a 
range of activation energies for the electron to return to the 
primary donor arising from the relative motion of the donor and 
acceptor ends of P-Q at this temperature. This range of activa- 
tion energies could arise from the various conformations of the 
hydrocarbon chain linking the quinone acceptor to the porphy- 
rin donor, 

We have used the route of Kong and Loach’ to synthesize a 
donor-acceptor-molecule which, in certain conditions, exhibits 
reversible photochemical intramolecular electron transfer. 
Similar photochemical reactivity for P-Q has been observed at 
room temperature in acetronitrile J.L.Y. Kong and P. A. 
Loach, personal communication). This system is an excellent 
model for the primary photochemical electron-transfer process 
in reaction centres of photosynthesis as both the confinement of 
donor and acceptor together and reversible photochemical 
electron transfer have been duplicated. This well-characterized 
model system should give us considerable insight into the 
mechanism of the im vivo reaction. We are continuing these 
studies with a view to stabilize the charge separation reaction 
and to study the effect of distance and molecular structure on the 
kinetics and mechanism of the intramolecular electron-transfer 
process. 

This research was supported by a Strategic Grant in Energy 
from the Natural Sciences and Engineering Research Council of 
Canada. We thank Professor P. A. Loach for helpful discussions. 
This is publication no. 242 of the Photochemistry Unit. 


Note added in proof: It has come to our attention that Dalton and 
Milgrom” have prepared porphyrins with attached quinones. 
However, they only report substantial fluorescence quenching. 
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“teste ning pnaaunnannrrenner nee tr tr anaana aa eaaa NEI PN SARE I NA tA yon npraromemanru nana mann: 


The CO, released in photorespiration is believed to result from a 
complex ‘mitochondrial reaction in which glycine is converted to 
equimolar amounts of CO 2, NH, and the C-1 group of N*,N"- 
methylene-tetrahydrofolate'”. Because _photorespiratory CO, 
production may amount to 80 umol per h per g fresh weight“ 
the stoichiometry of the decarboxylation reaction indicates that 
NH, release from glycine exceeds primary NO; reduction“ 
Leaf cells must therefore be capable of rapid NH, re- 
assimilation in photorespiratory conditions. It has been 
suggested” that NH, could be refixed directly into glutamate by 
mitochondrial glutamate dehydrogenase (GDH), utilizing the 
NADH generated during glycine decarboxylation”. This 
seems unlikely'™” because of the high K,, for NH, exhibited by 
GDH in vitro. An _ alternative suggestion”, "that 
photorespiratory NH, could be re-assimilated into elutamate by 
the sequential action ‘of cytoplasmic glutamine synthetase (GS) 
and the chloroplast enzyme glutamate synthase (GOGAT)'*", 
is supported by circumstantial evidence from in vitro studies'*". s 
Here we provide direct evidence for such a pathway, based 
on the results of experiments with mutants of Arabidopsis 
thaliana (L.) Heynh which are deficient in leaf GOGAT 
activity. 

These mutants are inviable in atmospheric conditions that 
permit photorespiration, but are fully viable and 
phenotypically indistinguishable from the wild type when 
maintained in an atmosphere that suppresses 
photorespiration® (1% CO, in air). This conditional lethal 
phenotype, shared by several other mutants with defects in 
photorespiratory carbon metabolism'®'’, provided the basis 
for the isolation of the mutants’®. 

Leaf extracts of wild-type Arabidopsis contained levels of 
ferredoxin- dependent GOGAT activity (Table 1) comparable 
to that observed in other speciest™ +8. NADH or NADPH 
(0.2mM) were relatively ineffective as electron donors, 
supporting about 4°% of the activity obtained with ferredoxin 
in otherwise identical assay conditions (results not presented). 
Leaf extracts of the mutant lines CS30, CS103 and CS113 
contained less than 5°% of the wild-type level of ferredoxin- 
dependent GOGAT activity (Table 1). Mixing of mutant and 
wild-type extracts restilted in additive activity, suggesting that 
the low activity of mutant extracts was not due to the presence 
of an inhibitor. The presence of normal levels of ribulose 
bisphosphate (RuBP) carboxylase activity in all exträcts 
indicates that recovery of chloroplast enzymes was similar in 
each case. Extracts of the mutants also contained normal 
levels of activity for GDH, GS and several enzymes related to 
photorespiration (results not presented). Thus, the mutants 
seem to be specifically defective in the synthesis of functional 
leaf GOGAT. oo 

A single nuclear mutation seems to be responsible for the 
enzyme deficiency and the conditional lethal phenotype. 
Reciprocal F, hybrids from crosses of wild-type and mutant 
lines showed the wild-type phenotype and had about 50°, of 
wild-type GOGAT activity (Table 1). The mutant phenotype, 
scored as the onset of chlorosis after 4 days exposure to 
standard atmospheric conditie ans'*'® segregated 3:1 (wild 
type:mutant) in the F, progeny resulting from crosses of wild- 
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Fig. 1 Changes in a, photosynthesis race and levels of b, NH3: 
c, glutamate; and d, glutamine during Blumanation of wild-type 
and mutant Arabidopsis in photorespiratory conditions. Plants 
were grown in a 1%, CO, atmosphere?" on an artificial medium 
irrigated with a solution containing 2.5mM KH PO, (pH 6.5). 
SmM KNO, 2mM = Ca(NQ,), 2mM MgSO, and 
micronutrients. The plants were placed in darkness in standard 
atmospheric conditions several hours before use io allow 
equilibration of metabolite pools. The plants were then placed in 
a photosynthesis chamber at 25 °C and centinuously ae with 

a gas stream (357 nll" ' CO,, 50%, O,, balance Na) which exited 
through an infrared gas analyser. Ai time zero, a planis were 
illuminated at 300 peinsteinsm~*s"'. At the indicated intervals, 

plants were removed from the chamber and the leal material 
ground in 2ml chloroform/methanolwater (5:12-1) An 
additional 1.5 ml of chloroform and Imi of water was added, and 
the phases separated by. centrifugation, Chlorophyll was 
deed on an aliquot of the organic phase. NH, was assayed 
in an aliquot of the aqueous phase by a œ 
procedure*!. Amino acid. concentrations were determined ae 7 
Beckman (Model- 119CL) amine acid ana:yser. Mutant and wild- 
type averaged 18mg chlorophyll per g fresh weight. The 
response of the gluS mutant strain CS3 is indicated by the 
solid lines and symbols (@) and that of the wild type by broken 

lines and open symbols (CO). Ch. chlorophyll. 






type x mutant. F, hybrids, obtained by crossing the mutants in 
all possible combinations, showed the mutant phenotype and 
were deficient in GOGAT activity (see for example CS103 
x CS113, Table 1). The lack of complementation is evidence 
that the mutants carry defective alleles cf the same gene, which 
we have designated gluS: Co-segregation of the mutant 
phenotype and enzyme deficiency was Beste by first t scoring 


phenotype at the rosette stage. The pi slants: were ae i 
transfer to a CO,-enriched environment for 2 weeks, then 64 
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randomly chosen plants were ” assayed mandia. for 
GOGAT. We observed an absolute correspondence between 
low enzyme activity and mutant phenotype. 

The photosynthetic characteristics of the gluS mutants are 
similar to those of Arabidopsis mutants deficient in 
phosphoglycolate phosphatase!® and 
aminotransferase’ ”. In atmospheric conditions that limit the 
oxygenation of RuBP? (1°, CO, and 21% O, or 350uli~? 
CO, and 2% O,), photosynthesis (carbon dioxide fixation) 
continued indefinitely at wild-type:rates (results not presented). 
However, in photorespiratory conditions (357 pl $ CO,, 50°, 
O,, balance N,), the photosynthesis rate of the mutants was 
initially oar to the wild type but rapidly declined to about 
7°, of that rate (Fig. la). The inhibition was reversible, for if 
the mutants were subsequently shifted to atmospheric 
conditions which suppressed photorespiration, photosynthesis 
was fully restored within about 30min. Photosynthesis was 
also restored, irrespective of atmospheric conditions, by 
placing the plants in darkness for a similar period. 

The inhibition of photosynthesis and reduced viability of the 
mutants in standard atmospheric conditions may be attributed 
to the accumulation of high levels of NH, during illumination 
in photorespiratory conditions (Fig. 2b). During 25min of 
illumination in 357 p11” € CO,, 50% O,, balance N,, free NH, 
in mutant CS113 increased 20-fold to a final intracellular 
concentration of about 3mM. In the same conditions the 
coricentration of NH, in the wild type remained below about 
0.4mM. The high concentration of NH, in the mutants would 
be expected to cause the observed inhibition of photosynthetic 
CO, fixation by uncoupling photophosphorylation!?. In 
conditions of high CO, or low O,, carbon flow through the 
photorespiratory pathway is negligible so that little NH, is 
released from glycine. Photosynthesis and growth of the gluS 
mutants are therefore unimpaired in conditions which prevent 
photorespiration, 

The accumulation of NH, in the gluS mutant in 
photorespiratory conditions is attributed to the virtual 














Table 1 Glutamate synthase activity in extracts of wild-type and 
mutant lines of Arabidopsis 





Glutamate synthase RuBP carboxylase 


Strain activity * activity” 
Wild type 5:3 30.4 
CS30 0.2 29.7 
CS103 0.2 de BE 
CS113 0.4 30.7 
F, (W1 x CS113) 2.8 311 
F, (CS103 x CS113) 0.3 34.5 
Mixturet 2.8 30,0 





Extracts were prepared by grinding leaf material in 50mM 
KH,PO, (pH 7.2), 12.5mM_ fi-mercaptoethanol, 0.5mM EDTA and 
0.5mM EGTA. The extracts were centrifuged (30,000¢ for 15 min), 
passed through a column of Sephadex G-75, and dialysed against the 
same buffer for 12h. Glutamate synthase activity was determined by 
measuring the formation of ‘'*C-glutamate from labelled 2- 
oxoglutarate. The complete 500 ul assay mixture!® contained: 25 umol 
KH-PO, (pH 7.2), 6.2umol f-mercaptoethanol, 0.25umol EDTA, 
0.25ymol EGTA, 5umol aminooxyacetate, 1 pmol L-glutamine, | pmol 
“C-oxoglutarate (0.5 Cipmol”'), 50ug spinach ferredoxin (Sigma), 
08mg Na,S,0,, 08mg NaHCO, and 60-70pg of extract protein. 
The reaction was initiated by the addition of the dithionite and 
bicarbonate and terminated after lOmin at 24°C by the addition of 
60u of 3% H,O,. Product formation was measured by liquid 
scintillation counting following fractionation of the labelled 
compounds by ion exchange chromatography. Control reactions. 
lacking reductant, produced 1%, of the dipm. obtained in the 
complete reaction mixture. RuBP carboxylase activity was measured 
as described previously’®. Protein was determined by a dye binding 
assay’? 

“Enzyme activity is expressed as moles of product per h per mg 
protein. 

fEqual volumes of wild-type and mutant (CS113) extract were 
mixed immediately before assay. : 
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Fig. 2 Products of '*CO, assimilation by wild-type and mutant 
Arabidopsis. Intact plants were placed in a photosynthesis 
chamber and flushed with a humidified gas stream containing 
350i} CO, 21% O,, balance N,. At time zero the plants 
were illuminated (00peinsteinsm~?s~'). At the indicated 
intervals the system was closed and ‘*CO, introduced. After 
2min the plants were quickly (3-55) removed to liquid nitrogen, 
The labelled products were extracted and separated as described 
previously’. The CO, concentration in the chamber remained 
between 300 and 350 u11"' during the period of incorporation. a. 
Basic fraction (amino acids); b, acid-1 fraction (organic acids and 
sugar monophosphates}; o, combined acid-2 and acid-3 fractions 
(mostly sugar diphosphates}: d. neutral fraction (sugars). The 
response of the mutant strain CSI13 is indicated by solid 
symbols and that of the wild type by open symbols. 


disappearance of free glutamate in leaf tissue (Fig. le), and 
thus the lack of an amino acceptor for re-assimilation of NH, 
by GS. The reduction in glutamate corresponds roughly to the 
increase in glutamine (Fig. Id) as NH, is initially refixed by 
GS. The glutamine pool in the mutant then stabilizes because 
further synthesis is prevented by the lack of glutamate, and the 
GOGAT deficiency prevents conversion» of glutamine to 
glutamate. The observation that NH, is not rapidly refixed 
into glutamate verifies the suggested'’ low in vivo activity of 
GDH in an assimilatory direction and confirms the 
importance of the GS/GOGAT pathway in the re-assimilation 
of photorespiratory NH,'!'*. 

The low aaaea. concentration of eluiamate caused a 
plethora of secondary metabolic aberrations evident from the 
pattern of '4CO, incorporation into the products of 
photosynthesis (Fig. 2). In this experiment, plants were 
allowed to photosynthesize in standard atmospheric conditions 
for various periods, then given’a short (2min) pulse of '*CO, 
and the photosynthetic products were analysed. During the 
first few minutes, the labelling pattern of mutant and wild type 
were essentially indistinguishable. However, after several 
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minutes of hee the proportion of label in aig Cut oo fruit evolves large amounts of wound 
amino acid fraction of the mutant drepped considerably (Fig. ethylene'?~'*. We found that disks excised from the pericarp 
2a). This is attributed to reduced availability of glutamate as of green tomatoes produced relatively little ethylene in 


response to isolation (Table 1}, but when each disk was further 
cut into 12 sectors (wounding), there was a substantial increase 
in ethylene production. In the same tissue, production of ACC 


an amino donor for the synthesis of glycine from glyoxylate. 
As a result, the intracellular concentration of serine declined to 
about one-fifth of the wild-type level (data not presented} as 


© serine was utilized, by way of © serine-glyoxylate increased even more rapidly as a result of wounding (Table 1). 


aminotransferase, for glycine synthesis. Aminoethoxyvinylg zlycine (AVG) is a potent inhibitor of 


The central role of glutamate in cellular metabolism ethylene biosynthesis s^ and of ACC synthase from tomato 
precludes a succinct description of the manifold effects frut’. When sectors of pericarp were incubated on O.l mM 


AVG after wounding, ethylene production was inhibited 89°, 
after the first hour (2.07 nmol per g per h in control compared 
with 0.23 nmol per g per h in AVG-treated sectors). 

In further experiments, we determined the activity of ACC 


resulting from glutamate depletion. In this respect it is not 
surprising that the mutants are inviable in normal atmospheric 
conditions. More surprising, perhaps, is the normal growth of 
the mutants in non-photorespiratory conditions. This implies 


that the plant does not require leaf GOGAT activity for NH, synthase at short intervals after wounding of pericarp Ussue 
assimilation from primary nitrate reduction. Rather, the sole and correlated the results with the fime course of ACC 
requisite function of leaf GOGAT seems to be the re- accumulation and ethylene production. The activity of ACC 


synthase, as determined in vitro, was lew in freshly cut sectors, 
tripled within 20min and increased 1O0-fold within 40min (Fig, 
lj, remaining fairly constant thereafter. The amount of ACC in 
the tissue increased approximately linearly after a lag of about 
20min; thus, the accumulation rate of ACC in vivo essentially 


assimilation of photorespiratory NH4. 
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Ethylene is produced by plants at specific stages of their life 
cycle and is involved in the regulation of many developmental 
processes, such as fruit ripening, flower fading, leaf abscission, 
growth in aquatic plants and initiation of flowering in 
bromeliads'*. Ethylene is also formed when plants are subjected 
to stress by, for example, wounding, noxious chemicals, drought 
or waterlogging ~™ „in both cases the biosynthetic pathway begins 
with methionine'*. It proceeds to ethylene by way of S- 
adenosylmethionine (SAM) and 1-aminocyclopropane-1- 
carboxylic acid (ACC), a recently discovered intermediate“, in 
ripening fruit’ and auxin-treated pea stem sections”. We now 
report that wound-induced ethylene synthesis also proceeds by 
way of ACC and that it is regulated at the level of the ACC- 
forming enzyme (ACC synthase). Wounding of pericarp tissue 
of tomato fruit (Lycopersicon esculentum Mill.) results in rapid 
enhancement of the activity of ACC synthase and, consequently, 
in a greatly increased rate of ACC synthesis. 


fPermanemt address: MSU-DOE Plant Reseurch Laboratory, Michigan State University, East 
Lansing, pies 48824, 
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paralleled the activity of ACC synthase in ruro (Fig. 1). The 
activity of ACC synthase was only y about 20°, of that expected 
from the rate of in rico ACC synthesis, and we have been 
unable to discover where the lass occurred. Finally. the rate of 
ethylene formation, calculated from the total formed alter 
wounding, increased after a lag of 30min for at least 100 min 
and was proportional to the amount of ACC in the tissue. 





Table | Effect of EON sang: On KEU ED aney ACC production 


E tayi ACC 
Incubation Treatment nmol nmol 
ume (hj nmol per g nmel perg 


por g per l per g per h 


0 137 os 
{ Intact 0.12 0.12 3R] 244 
I Wounded 0.72 0.72 3,73 7 AG 
2 Intact G.25 0.13 Le z 
2 Wounded 3.04 2.32 {8.40 9.67 





Disks of 11.5mm diameter were cut from the pericarp of glasshouse- 
grown green tomato fruit icv. Linda} amd trimmed to Imm by 
removing extra tissue that formerly faced the inside of the frun. They 
were incubated in pairs, epidermis facing upwards, on moist filter 
paper in 25-mi serum vials sealed with rubber stoppers at 28°C. Disks 
were wounded by cutting each into 12 equal sectors. Ethylene was 
determined by gas chromatography. ACC was extracted with ice- 
cold ethanol (4 mi for two disks), and insoluble residue was removed 
by centrifugation, The supernatant was taken to dryness and the 
residue was redissolved in | mi water. Of thes. 0.1 ml was tested in the 
ACC assay of Lizada and Yang'®, based om the liberation of Sea 
from ACC in alkaline solution containing Hg** and NaOCl We had 
verified that all material in the crude ethanelic extract which released 
ethylene in the ACC assay of Lizada and Yang ee eae rapes 
with authentic ACC on cellulose thin-layer plates (solvent 2 of Boller 
eral), 


The tissue already had the capacity te liberate ethylene from 
ACC during the lag phase, as reflected by the bigh rate of 
ethylene production in freshly cut sectors incubated on LOmM 
ACC (Fig. 2). The rate of ethylene production during the first 
lOmin after cutting was 0.66nmol per g per h and increased 
to a steady rate of about 2nmeol per g per h within $0 min 
The maximum rate of ethylene ida was reached faster in 
tissue on 10mM ACC than in that on 1 mM ACC. Attainment 
of the maximum rate of conversion of ACC to ethylene was 
probably delayed because of the time required to take up ACC 
into the pericarp sectors. The maximum rate of ACC- 
dependent ethylene formation might Rave been limited by 
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saturation of an ACC uptake system and/or by saturation of 
the ethylene-forming system. 

Ethylene synthesis after wounding, as in other situations, is 
inhibited by cycloheximide®''*. When sectors of pericarp were 
incubated on cycloheximide (25pgml~') for 2h, the tissue 
produced 86°, less ethylene and contained 84° less ACC and 
96", less ACC synthase activity than untreated sectors. 

These results indicate that ethylene is produced from ACC 
in tomato pericarp tissue in response to wounding. Such 
ethylene formation seems to be induced through rapid 
enhancement of ACC synthase activity. Because cycloheximide 
inhibits the development of this enzyme activity, it is likely, 
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Fig. 1 Ethylene evolution, ACC content and ACC synthase 
activity m wounded pericarp disks from green tomato fruit. a, 
Ethylene production. From each of two freshly harvested tomato 
fruits (cv. Moneymaker}, seven disks were cut. Each was wounded 
immediately by cutting into 12 equal sectors. Pairs of wounded 
disks, one from each fruit, were incubated for different times on 
moit filter paper in sealed 25-m] serum vials. After incubation, 
ethylene was determined! *, and the tissue was frozen in liquid N,. 
Data are mean values from three identically incubated samples. 
The rate of ethylene production was calculated for each time 
interval of the experiment. b, ACC content and activity of ACC 
synthase. The frozen sectors from a (six disks, 1.8g fresh weight 
total} were combined, pulverized in liquid N, with pestle and 
mortar and extracted in 3m! OQIM K-HEPES buffer, pH 8, 
containing 4mM dithiothreitol (DTT) and 0.4uM_ pyridoxal 
phesphate. After centrifugation (10min at 10,000g), two 0.i-ml 
samples of supernatant solution were used directly for ACC 
determination’®. The rate of increase in ACC content was 
derived for each time interval of the experiment. The true rates of 
ACC formation were probably 10%, higher if all ethylene formed 
was derived from ACC. Centrifuged extract (2 ml) was desalted 
on a column of Sephadex G-50 (2x 6cm) with 2mM K-HEPES 
buffer, pH8, containing 0.1mM DTT and 0.2uM pyridoxal 
phosphate as eluting buffer, and the eluted protein was used to 
determine ACC synthase activity with 504M SAM as substrate”. 
Enzymatically formed ACC was determined according to Lizada 
and Yang’®. 
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Fig. 2 Rate of ethylene formation in wounded pericarp 
incubated on ACC. Freshly cut disks of pericarp from a single 
tomato (cv. Linda) were cut into 12 sectors each, and the sectors 
from two disks were incubated in sealed 25-ml serum vials on 
filter paper wetted with water or 1mM or 10mM solutions of 
ACC. Ethylene was determined by gas chromatography‘ after 
10, 20, 40, 60, 100 and 170min. From these data, the mean rate 
of ethylene formation was calculated for each time interval. 
Control vials containing ACC solutions without tissue produced 
less than 2pmoil h`? ethylene. 


though not proven, that ACC synthase is newly formed rather 
than activated when the tissue is wounded. The last step in 


seem to be regulated in wounded tissue. This follows from two 
kinds of experiments. First, wounded pericarp disks already 
had the capacity to convert added ACC to ethylene during the 
lag phase of wound-induced ethylene synthesis. Second, when 
no ACC was added, the rate of ethylene formation was 
proportional to the level of endogenous ACC throughout the 
experiment. This also indicates that the system converting 
ACC to ethylene is not saturated at the concentrations of ACC 
reached in the wounded tissue. 

The regulation of wound ethylene synthesis in tomato 
pericarp resembles that of ethylene synthesis in senescing 
tomatoes. In the latter case, the activity of ACC synthase and 
the concentration of ACC increase during maturation of the 
fruit, when ethylene formation is initiated®. Similarly, auxin at 
high concentrations seems to induce ethylene synthesis in 
etiolated pea epicotyls by enhancing ACC synthase activity’. It 
remains to be seen whether developmental, stress and 
hormonal stimuli all regulate the activity of ACC synthase 
through the same mechanism or whether different modes of 
control are exerted to modulate the activity of this important 
enzyme in ethylene synthesis. | 

We thank Professor Ph. Matile, in whose laboratory this 
work was carried out, for his hospitality, Dr G. Defago for 
plant material and Mr P. Mötteli for technical assistance. The 
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Heterozygosity at enzyme 
loci and morphological variation 
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Two recent reports’? have concerned the relationship between 
genic heterozygosity, as indicated by electrophoretically detected 
enzyme loci, and an individuals tendency to depart from the 
mean om a variety of morphological traits. Using different 
methods to assess differences im 


mantpalated stocks of orgasisms’ to variation in natural 
poputations. As Eanes’ points out, it is necessary to determine 
the generality of this result. Both these studies’? consider 
polkilotherm animals (a fish and am imesect), so it would be 
particularly imteresting to look for the relationship im 
homolotherms. As a contribution to this end, I present here the 
results (Table 1) of an analysis of variation in the Rufous- 
collared sparrow, Zonotrichia capensis‘. I found no difference in 
levels of variation either between the homozygote and 
heterozygote classes or between classes of individuals 
heterozygous at different numbers of loci. My resalts thus 
suggest a differemce between homolotherms and poikilotherms in 
this : 
My data concern variation at four enzyme loci (mannose-6- 
phosphate dehydrogenase, M6PI; 6 phosphogluconate 
dehydrogenase, 6-PGD; glucose-6-phosphate dehydrogenase, 
G6PD and a-glycerophosphate dehydrogenase, c~-GPD) and in 


11 metrical characters, (tarsus, tail length and three bill, four 


toe and two wing measures). As the sexes- differ significantly 
on several variables they are considered separately. 

There are some difficulties in comparing levels of variation 
among population samples or subsamples. These and some 


possible “solutions are reviewed by Van Valen’. In the 
univariate case, one customarily compares sample variances. 
Additional variables may justifably be considered 
independently, provided there is low ccrrelation between them. 
This is the approach. adopted by Eanes’, considering variation 
in two wing characters in the butterfly. Danaus plexippus It is 
unwise, however, to test the null hypothesis, o? homozygotes 
=o heterozygotes, by use of an F-test. The F-distribution is . 
rather sensitive to deviations from normality of the measured 
distributions, which can give spuriously high values of F. The- 
simplest way to test such a null hypothesis is that given by 
Levene’. One constructs a new variadle y,=|x,—x| for each 
case i and tests the samples for anes in y by means of 
a t-test. 

In most circumstances it is arati best to consider 
variation in several characters collectively, by some 
multivariate method, rather than separately, as even small 
degrees of correlation between variatles introduce potential 
bias through, in effect, making the same test several times. 
This is particularly relevant when using the sign test’ to assess 
a hypothesis. Mitton’ has used two tecaniques for extracting a 
single measure of variability from his seven moeristic 
characters: computing the mean coefficient of variation, C.Y. 
and the determinant of the variance-covariance matrices, |£]. 
These are compared among the homozygote and heterozygote 
classes, and the results tested by the sign test. In fact, matrices 
may be tested for homogeneity of dispe-sion, and a probability 
ascribed’, but one should note some undesirable properties of 
[E| as a statistic of multivariate variabélity. If even one of the 
characters used in computing || has a very low variance, then 
|Z| becomes very small regardless >f vanation in other 

Small differences in such very small numbers will 
have large effects on the ratios between them, and so 
interpretation of these ratios becomes difficult and potentially 
misleading. Similarly, any degree o? correlation between 
variables, which is almost inevitable when using more than 
three or four variables, reduces |Z| to very small values. 
Table 1 shows the results of applying a multivariate test for 
matrix homogeneity. Three of five tests among males are 
significant, but probably spurious given the very tiny values of 
|E] (of the order of 107°). Van Valen“ also discusses the use 
of pmncipal components in this kind of analysis. This 
approach eliminates the problem of ccrrelated variables, but 
exaggerates the problem of low variance in one or more 
variables, as the last principal components to be extracted 


Table 1 Companson of variability in morphological characters Among genetic subgroups in samples of Rufous-collased sparrows, Zonotrichia 
l - capensis 





M6PI 6PDG 
Hom Het Hom Het 
Males : 
N 76 49 103 22 
Er 0.054 0 070 0059 0 061 
Hom/Het 0.782 NS 0.962 NS 
Matrix í 
homogenaty, P 0.041 * 0.372 NS 
Females 
N 37 10 36 11 
rs? 0.059 0.043 0.059 0.042 
Hom/Het 1.387 NS 1.398 NS 
Matrix 
homogenesty, P — 0.000t 


G6PD a-GPD Heterozygosity 
Hom Het Hom Het Low High 
74 38 88 37 68 44 
0.062 0.063 0.060 0.060 0.055 0075 
0.983 NS 1 000 NS 0.739 NS 
0.037* 0.321 NS 0 OO8T 
37 9 41 6 21 25 
0.058 0.055 0058 0.039 0,063 0 52 
1.059 NS 1.502 NS 1 196 NS 


0.585 NS 


Heterozygosity ıs the number of loci, of four, at which an individual is heterozygous In males, Low =0-1 loci; in femalss, Low =0 loci. Different 
GIONA WACA CO TO MAKE sampe iFa Comparable Es? is the simple sum of all character variances within given subgroups. Hom/Het 1s the ratio 
; significance level tested by Levene’s method (sce text) Matrm homogensity is the P level given by a multvanate test for the 
homogeneity of the two variance-covanance matrices. Where no valuo is given, as in the females, this ıs because the test could not be carned out 
due to matrm singularity caused by there being more morphological variables than cases in the heterozygote class. NS, Not significant All 


analyses performed on In-transformed measurements. 
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usually account for a very small fraction of the total variance 
in the sample. There are no objective methods available 
appropriate to the present purpose, for setting a level for 
exclusion of these later components, and in any case this loses 
information. 

By analogy with the univariate case, Van Valen recommends 
the use of total sample variance for j variables, x87. This 
eliminates problems of correlation and low variances by 
making them irrelevant. If the variables are log-transformed, 
scale effects are eliminated as is the need for some multivariate 
c.v. Differences in Zs? may again be tested for significance by 
an extension of Levene’s test: y,;=(2£,(x,,;~—%,)°*, again using a 
t-test for differences in p. The results of such an analysis of my 
data fail to show significantly different levels of variation either 
between the homozygote and heterozygote classes considered 
separately, or between classes of individuals heterozygous at 
different numbers of loci. Because the studies of Mitton’ and 
Eanes* use other methods of analysis, it is not possible to 
make a close comparison between their results and mine. 
However, some points are worth mentioning. First, the 
absence of a significant result in this single sample from one 
species does not, of course, demonstrate the absence of the 
effect. What it does is raise the possibility of a difference 
between homoiotherms and poikilotherms in this regard, one 
which is consistent with other considerations about 
development and adaptation, as indicated below. It has been 
widely suggested that development of homoiotherms is more 
resilient to environmental insult than that of poikilotherms 
and invertebrates, and that their growth rates and final size 
are more determinate’. Again, genetic enzyme polymorphism 
among vertebrates as a whole is lower than among 
invertebrates, and homoiotherms are slightly, though non- 
significantly, less variable than are poikilotherm vertebrates'®. 
This perhaps reflects different tactics of adaptation among very 
different kinds of organisms, and suggests the possibility that 
heterozygosity and polymorphism may have quite different 
significance in organisms with widely different organization 
and ecological situations}. This specifically suggests a 
relationship between levels of genic heterozygosity, body size 
and mobility which is consistent with predictions from Levins’ 
theory of adaptive strategies in relation to environmental 
grain'*. Thus, vertebrates which are typically larger and more 
mobile, so experiencing the environment in a more fine- 
grained fashion, exhibit lower levels of genic polymorphism. 
There are other studies considering variability and 
heterozygosity (at the population level), but these also consider 
variation in poikilotherms and invertebrates'*:'*. Clearly, 
there is a need for investigation of variation in a wider range 
of taxa, particularly the higher vertebrates, before we can 
make generalizations about the relationship between genic 
heterozygosity and morphological variability. 

This work was supported by NSF grant GB38344 to 
Fernando Nottebohm. I thank Roger Green, Shiva Singh and 
the reviewers for their comments. 
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Bone remodelling depends on a balance between formation and 
resorption. Little is known of the biological factors involved in 
bone formation, whereas there is much evidence that 
physiological factors, such as parathyroid hormone (PTH) and 
active metabolites of vitamin D,, influence resorption. Cells 
responsible for osteogenesis and osteoclasis occur in close 
proximity, suggesting that both might be controlled by the same 
physiological factors in the micro-environment of the body fluid. 
To clarify the factors stimulating bone formation or 
accelerating osteogenic cell activity, we have examined the 
effects of vitamin D, metabolites and PTH on bone formation 
in vitro. We report here that combinations of those meta- 
bolites especially 12,25-(OH),D, and 24R,25-(OH),D,, directly 
stimulate calcification on bone synergistically with PTH. 

We used the culture system described before':*. Femora of 
9-day-old chick embryos were obtained by removing adherent 
soft tissues under a dissecting microscope. Each femur was 
transferred to a roller tube containing |.5ml of medium. To 
allow for differences between embryos, the bones from one side 
of an embryo were cultivated in control medium and those 
from the opposite side of the same embryo in experimental 
medium. Basal medium was a mixture of BGJb-HW2 (ref. 3) 
and 1{i-day-old chick embryo extract (CEE) (9:1) PTH 
(1Uml~'), 1%,25-(OH),D, (0.02 and 2.0ngmi™'), 24R.25- 
were added to the mixture, singly or in combination, to 
examine their effect on calcification. Roller tubes were 
incubated at 37°C for 6 days, rotating 10 times per hour tn a 
roller drum which held them at an angle of 5. The medium 
was replaced every other day. At the end of cultivation, the 
calctum of most pair-mate bones was determined and 


Table 1 Calcium level of 9-day-old chick embryonic femur after 6 days 
cultivation using PTH added to the basal medium as control 


Calcium level 


ing per femur} 


Concen- 
tration No. Control Treated  Caleification 
Treatment ingml~?)} of pairs bones bones ratio“ 
1%.25-(OH),D, 0.02 
+ 24R.25-(OH),D, 0.5 li 44240.74. 7.544079 2OTEOALOT 
+ 25-OH-D, 2.5 l 
14,25-(OH),D, 0.02 š Wachee can ds Bigs. a ee beeps ie, 
i a3 S 3 4.40 + 0.63 714060 2. 24t 
1 4R25-OH),D, aN 4404063 7.714060 2.0440 
i4,25-(OH),D, 0.02 zaa E sg 
+25-0H-D, 35 10 5.614056 5714+057 10540.09 
i l i ; 65+069 8984-0438 LISHI 
+25-OH-D, 2.5 i PODS k 
1%,25-(OH),D, 0.02 6 50340.79 555+ 099 1.054006 
14,25-(OH).D, 2.0 5 6604112 69640.79 1.38 40.25 
24R.25-(OH),D, 0.45 5 ORR +121 ILIS + LIZ 10640053 
24R.28-(OH),D, 50.0 S 8.744 L21 8.144083 0.974008 
25-OH-D, 2.5 S S654174 4802146 10040.13 





Values represent mean +s.em. The amount of calcium deposited in the femur 
was determined by OPCP method?*. Control femur was cultivated in the basal 
medium plus PTH. 

*The ratio of calcium levels in treated femora to pair-mate control bones. 

+P <Q.005, 
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Fig. 1 


{haematoxylin and eosin stain); b, the same specimen as in a (von Kossa’s stain}: c 





Diaphyses of the femora from 9-day chick embryos after 6 days cultivation. a, Bone cultured in the medium CEE: BGJb-HW2 (1:9) 


bone cultured in medium containing the three 


metabolites of vitamin D, (von Kossa’s stain); d, bone cultured in medium containing PT H (von Kossa’s stain}: e, done cultured in medium 
containing PTH and the three metabolites of vitamin D, (haemotoxylin and eosin stain}: f, the same specimen as in e (von Kassa’s stain. All 
x 400, 


histological development of residual pairs was examined 
microscopically with haematoxylin-eosin and von Kossa’s 
stain, 

Femora cultured in basal medium or in medium with 
vitani D, rE formed only osteoid tissue with no 


SAE O ae occurred (Fig. Id), although the bone 
elongated significantly*. In medium plus PTH and three kinds 
of vitamin D, metabolites, however, the diaphyseal cortex of 
the bone became heavily calcified (Fig. le, f). 

The amount of calcium deposited in the femur treated with 
all three vitamin D, metabolites in the presence of PTH was 
2.07 times greater than that in control bone treated with PTH 
alone. Similarly, combined treatment with [%,25-(OH),D, and 
24R,25-(OH),D, in the presence of PTH gave a value of 2.04 
for that calcification ratio. When combined with 25-OH-D, in 
the presence of PTH, however, neither 1x-25-(OH),D, nor 
24R,25-(OH),D, stimulated calcium deposition, the 
calcification ratio being 1.05 and 1.15 (Table 1). Moreover, no 
single treatment with 12,25-(OH),D, or 24R,25-(OH),D, in 
the presence of PTH affected calcification, even at high 
concentrations (Table 1). 1%,25-(OH),D,, when combined with 
24R,25-(OH),Ds, could be replaced by the synthetic vitamin 
D, analogue 14,24R-(OH),D, (ratio 1.93), although the 
synthetic vitamin alone with added PTH did not enhance 
calcification (ratio 1.03). Bone growth in medium plus PTH 
alone was 1.04 times that in medium alone, and in medium 
plus three kinds of vitamin D, metabolite the ratio was 1.17 
(Table 2). Treatment with any one of these vitamin D, 
metabolites alone did not affect calcification. 

Many observations made in vivo have suggested that 
vitamin D, metabolites could be involved in bone 
mineralization’. Our results show that these metabolites, 
especially the combination of 1%,25-(OH},D, and 24R,25- 


(OH),D,, stimulate bone formation under the synergistic 
influence of PTH. These can activate bone resorption®:’, and 
so our result suggested that bone could be remodelled 
successfully by simultaneous activation of both osteoclastic 
and osteogenic processes. 

14,25-(OH),D, is the most active metabolite of vitamin D, 
for many biological processes, and we have now 
demonstrated that 24R,25-(OH),D, is important for 
ossification, with mineralization preceeding only in the 
presence of both metabolites. This sapports in vivo studies 
which suggested that 24R,25-(OH),D, may be active in bone 








Table 2 Calcium level of 9-day-old chick embryonic lemur after è days 
cultivation using basal i medium as contro! 
Caicium level 
(ug per fernur} 


Concen- 
tration No, Contre} Treated Calevfication 
Treatment {ngm t of pairs bones hones ralio" 
PTH it il 635+ 00 RIARI 1.044+0.13 
1.25-(OH),D, 0.02 
+ 224R, 25 (OH) hD, 0.4 7 604118 106.274+0.58 1117+015 
+ 25-OH-D, as 
1z.25-(OH),D, 0.02 pie an a errr 
~24R,25-(OH),D, 95 6 6.454 1.4 P3L4+i143 £.14+40.06 
oe 25-(OH),D, 0.02 S 10.05 + 030 [01240.85 1.41+0.07 
x.25-(OH), D. 2.0 5 GR4+146 8844146 0934011 
E 25- -(OH),D, 0.5 K 10404039 9.524076 0.91400 
24R.25-(OH).D, 50.0 § 9924087 8.764027 0. 924 0.40 








Values represent mean+s.em. The amount of calcium deposited in the femur 
was determined by OPCP method'*. Control femur was cultivated in the basal 
medium. 

*The ratio of calcium level in treated femora to pair-mate control bone. 

+P PTH concentration was | unit mal” s 
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formation”: 
(ref. 11). 
The role of PTH in bone formation, however, has been 
controversial, with some studies suggesting that it inhibits 
bone collagen synthesis'*, and other evidence indicating that it 
increases bone formation!?:!*, Our results demonstrate that 
PTH is essential for the calcification of bone. We are now 
studying the role of CEE and the dose- ‘response relationship 
of PTH and vitamin D, metabolites in stimulating bone 
formation in vitro. 
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i. Endo, H. Expi, Cell Res. 21, 151-163 (1960), 
2. ho, Yo, Ende. H. Enomoto, H, Wakabayashi, K. & Takamura. K. Expl. Cell Res. 3h 
119--£27 (1963). 

3. Endo, H. Connective Tissue 6, 139-148 (1974). 

4. Kawashima, K. Iwata, S. & Endo. H. Bone Metabolism 6, 114-117 (1973), 

5. De Luca, H. F. in Fitamin D Metabolism and Function (Springer, Berlin, 1979). 

6 Margroab, A. & Sheppard, H. Endocrinology 100, 629-634 (1977). 

7. Robertson, W. F., Peacock, M., Atkins, D. & Webster. L. A. Clin. Sci. 43, 718-718 (197 2}. 
8 

9 
10 


. possibly in combination with 14,25-(OH),D, 


8. De Luca, H. F. & Schnoes, H. K. 4. Rev. Biochem. 48, 631-666 (1976). 

% Orony, A. Goodwin, D, Nof, D. & Edelstein, S. Nature 276, 517-519 (1978), 

) Kanis, $ A. er al. Bro med. d. 1, 1382-1386 (1978). 

1h. Malluche, H. H. ef al in Viiamin D: Basic Research and its Clinical Application, 425-427 
(De Gruyter, Berlin, 19794 

12. Dirtrich, 1. W. Canalis, E M. Maina. D. M. & Raisz. L. G. Endocrinology 98, 943-949 
{1976}. 

L Kalu p. N. PERRE, Fy POYI F. H & Foster, G, v Lancet t, 1363-1366 (19703, 


15. Carvers y, H. V. & Brings, A. R AM. J “elin. Path. 48, 290. 296 (1 966}. 


span cacti O ca aR el 





Leukotriene B, a potent chemokinetic 
and aggregating substance released 
from polymorphonuclear leukocytes 
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Arachidonic acid is metabolised either by cyclooxygenases to 
produce prostaglandins and thromboxanes or by lipoxygenases 
to produce mono-, di- and trihydroxyeicosatetraenoic acids 
(HETEs). Polymorphonuclear leukocytes (PMNs) release 
HETEs, including mono- and dihydroxy fatty acids, when 
exposed to stimuli such as the calc: ım ionophore A23187 (refs 
I, 2). The mono-HETEs are assuced to be of particular 
importance with respect to effects on leukocyte function because 
they have been shown to possess both chemotactic and 
chemokinetic activities towards PMNs and eosinophils**. 
However, we have now shown that the chemokinetic and 
aggregating activities released from rat and human PMNs 
exposed to ionophore A23187 (ref. 5) are not due to 
the release of mono-HETEs but to that of 5,12-di-HETE 
(leakotriene B). This compound is active over the concentration 
range 10 pg mi `' to 5ng ml `’. 

Rat peritoneal or human peripheral PMNs, when exposed 
to ionophore A23187, release substances into the surrounding 
media which cause the aggregation and chemokinesis of other 
PMN suspensions’. The release of the activities was prevented 
by drugs known to inhibit lipoxygenase pathways of 
arachidonic acid (AA) metabolism. 

The aggregating and chemokinetic activities released 
following exposure of human PMNs to ionophore A23187 
were extracted into diethyl ether after acidification of the 
media. Both activities could be recovered from a silicic acid 
column following elution with ethyl acetate and > 95°, of the 
biological activity was recovered in a single UV absorbent 
peak following HPLC (see Fig. 1). Identical results were 
obtained with rat PMNs. This peak had a retention time 
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Fig. 1 Separation by HPLC of lipoxygenase products released 
by human PMNs exposed to 104M ionophore A23187 for 4min 
as previously described*. The reaction was terminated by the 
addition of 1.5vol. methanol, the cells were removed by 
centrifugation and the supernatant was acidified to pH 3.5 and 
extracted twice with diethyl ether. The ether extracts were washed 
once with water and dried under vacuum. The residue was 
dissolved in diethy! ether/hexane (20:80) and applied to a silicic 
acid column equilibrated with the same solvent!. The column 
was subsequently eluted with ethyl acetate, the ethyl acetate was 
removed under vacuum and the residue dissolved in $0 4ul 
methanol for application to a reverse phase HPLC column (4.6 
x 250mm packed with Spherisorb SODS eluted at a flow rate of 
tml min~! with a mixture of methanol/water (75:25, v/v) plus 
acetic acid (0.01°%)'. HPLC columns were calibrated with a 
mixture of dimethylphthalate, di-na-butylphthalate and pyrene 
using as a solvent methanol/water (85:15, v/v). The elution times 
for 15-, 12- and 5-HETE were 24, 26.5 and 31.5 min, respectively. 
HPLC fractions were dried under vacuum and resuspended in 
medium for assay as below. Chemokinetic activity towards 
human PMNs was assayed in an agarose microdroplet assay!’ 
the results being expressed as the increase in the area of 
migration when compared with that of ceils in the presence of 
medium alone. Aggregation of rat PMNs was assessed by 
nephelometry in a Payton aggregometer, the results being 
expressed as the change in transmittance as measured (in mm) on 
the recorder!? 


identical to that previously reported for leukotriene B (5, 12- 
dihydroxy  6,8,10,14-eicosatetraenoic acid)’. Ultraviolet 
spectra were obtained for the methyl ester of the compound 


which showed three major bands (eM OH 26242, 271 
+2 and 282+2nm), indicating the presence of three 


conjugated double bonds®. Gas-liquid chromatographic 
analysis of the active fraction showed a major peak with a C 
value of 23.6. The mass spectrum of this compound is shown 
in Fig. 2 and the substance was identified as leukotriene B by 
comparison with the spectra previously reported for this 
compound’, 
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Fig. 2 Mass spectrum of the trimethylsilyl derivative of the methylester of leukotriene B obtained from rai peritoneal PMNs after 

incubation with A23187. The active fraction obtained from the HPLC column was methylated with diazomethane and further derivatized to 

the trimethylsilyl ether with bis (trimethylsilyl) trifluoroacetamide. The sample was chromatographed on a 20m SE5¢ WCOT column coupled 

to a VG Micromass 16F mass spectrometer. Spectra were put on to a data system in the following conditions; electron energy 70eV, trap 
current 180A and source temperature 240°C. Peaks at m/e 281 and 355 represent bleed peaks from the column. 
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Fig. 3 The effects of leukotriene B on the chemokinesis of 
human PMNs (@) and the aggregation of rat (J) and human 
(A) PMNs. Leukotriene B was prepared from 10° rat peritoneal 
PMNs incubated with calcium ionophore A23187 and was 
purified by ether extraction, silicic acid chromatography and 
HPLC and tested in aggregation and chemokinesis assays as 
described in Fig. 1 legend. The concentration of leukotriene B 
was determined using an MO of 39,500 (ref. 6), Ing 
being recovered from 10° cells. Each point represents two 
separate experiments carried out on separate days (n= 8-16, 
standard errors were always <10% of the mean). 


Figure 3 shows the effects of leukotriene B on the 
chemokinesis of human PMNs and the aggregation of rat and 
human PMNs. Dose-related effects were seen over the range 
10pg mi~' to Sng mi~', ED, values for human PMN 
chemokinesis, human PMN aggregation and rat PMN 
aggregation being 250, 560 and 1!70pgml™', respectively. 


These results show that leukotriene B exhibits comparable 
activity on a molar basis to that observed for the complement 
peptide C5a and the synthetic peptide [Met-Leu-Phe. 
Furthermore, leukotriene B seems to be 100-1,000 umes more 
active as a chemokinetic agent than the mono-HETEs** and 
in the present experiments no aggregating or chemokinetic| 
activity was recovered in the fractions where the mono-HETEs — 
would be expected to elute. ee 

Release of lipoxygenase products, including leukotriene B, 
may be a common feature of exposure of PMNs to a variety of 
inflammatory stimuli* 4. Such release may be associated with the 
O, uptake, OF production and stimulation of hexose 
monophosphate shunt activity that occur following exposure 
to such stimuli? and may also be involved in PMN 
degranulation’®. The much greater petency of leukotriene B, 
compared with that reported for the mono-HETEs, suggests 
that the latter compounds are of less biological significance. 1t 
will be of some interest to study the role of leukotriene B in 
vive with respect to the accumulation of inflammatory cells at 
sites of inflammatory and allergic reactions. E 
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It is becoming increasingly apparent that interferon exerts a 
major role in cellular regulatory processes. Besides its well 
known antiviral properties’, interferon has been shown to affect 
cell surface antigen expression” + lymphoid cell function**, as 
well as cellular protein synthesis” 7 and growth". To date, 
however, there is little information available on the mechanism 
of interferon production in vivo except in response to a variety 
of exogenously administered viral and nonviral systemic 
inducers. We report here the detection of a pregnancy-associated 
elevation of interferon, or an interferon-like component, in 
selected reproductive tissues of mice. 

Ten-week-old virgin NIH Swiss mice, a random-bred strain, 
were killed at specific times after mating. Female mice were 
examined daily and mating was indicated by the appearance of 
a copulation plug and was referenced as day | of gestation. 
Mice were maintained on a 12h light cycle at a temperature of 
24°C. Lab chow and water were available ad libitum. At 
autopsy the uteri were aseptically excised, carefully trimmed 
and the conceptuses removed. The conceptuses of individual 
mice were then pooled and after the 10-day stage dissected 
into placental and embryonic/fetal components. Earlier 
conceptuses (7-day stage) from individual mice were also 
pooled but were not dissected further. Immediately after 
removal, a 20%, (w/v) homogenate of each specimen was 
prepared in phosphate-buffered saline (pH 7.2) and clarified for 
30min at 2,500g. Following storage at —76°C the samples 
were defrosted and the level of antiviral activity was 
determined by the 50°, plaque reduction (PR) method as 
described previously!” ; see legend to Fig. 1, The titre of 
antiviral activity is expressed as the reciprocal of the highest 
dilution that inhibited plaque formation by 50°,. One unit of 
antiviral activity is equivalent to O.S NTH (G0Q02-904-511) 
reference units. 

renan steaies mower ja dient ae an ee 


TEA. of ne activity as an aea was 
determined by its protection of L-cell cultures against the 
cytopathic effects (CPE) of MM virus and is summarized in 
Table 1. The antiviral activity was sensitive to treatment with 
trypsin, actinomycin D, and heat and was neutralized by 
anti-mterferon y globulin. Also, it was not inactivated by low 
pH. treatment (at pH 2) and was not removed by high speed 
centrifugation. By these criteria, the placental component 
exhibits the properties of virally induced. Type 1, 
interferon > tt, It seems highly unlikely that the inhibition of 
CPE resulted from a nonspecific mechanism, such as an 
interference of virus attachment to the target L-ceils by the 
tissue extracts, as the antiviral activity of the placental 
component requires a transcriptional event {sensitive to 
actinomycin D) and furthermore, is neutralized by specific 
anti-interferon y globulin. 

The interferon levels of uterine, placental and fetal tissues at 
varicus stages of gestation are shown in Fig. 1. As may be 
noted, interferon was detected in most uterine samples between 
10-15 days of gestation: however, specimens taken before and 
after this interval of pregnancy, as well as from virgin mice (n 
a data not shown}, had no detectible titre (<10 units 

171). This transient appearance of interferon in the gravid 
en developed abruptly and was S menesi at the 13-day stage 
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(300 units ml” '). By comparison, interferon was found in all 
placental samples examined, and its level increased 
significantly during pregnancy. This increase was most 
dramatic between 10- and 13-day stages (8-fold) but continued 
unt the 17-day stage. Subsequently, the interferon level 
generally plateaued at approximately 2.000 units mi~? until 
term. In other data not shown, the mean interferon level of 7- 
day old conceptuses from three individual mice was found to 
be essentially the same as 10-day placentas (110 as compared 
to 120 units ml~') and approximately 3-fold greater than 10- 
day fetuses (33 units ml '; right panel). Note that no fetal 
specimen had an interferon level greater than 80 units ml”! 
and further, that interferon-positive fetal samples were 
clustered around the 10-day stage, a stage at which 
contamination by extra-embryonic tissues is difficult to avoid. 
After this stage only one out of 6 fetal samples had a 
detectable interferon level. 

These results clearly demonstrate a progressive increase in 
the level of interferon in the mouse placenta during gestation. 
Significant levels were detected in this organ as early as 10 
days after mating, and most likely, the interferon detected in 
the 7-day conceptus was largely of placental origin. In 
contrast, little if any interferon was found in embryonic‘fetal 
tissues. This observation is consistent with earlier reports that 
the placenta forms an effective barrier limiting migration of 
interferon into fetal circulation’*:'®. Although a decrease in 
the efficacy of the placental barrier to interferon migration has 
been reported in the pregnant rat near term'’, we have found 
no evidence of transplacental transfer of interferon into mouse 
fetuses in late gestation. This discrepancy may be attributed 
either to species differences or to the stage of gestation as we 
have not examined fetuses beyond the 18-day stage. The 
presence of an interferon antagonist in mouse embryos! may 
also contribute to the apparently low levels of interferon in the 
embryo. 

The significance of the transitory appearance of interferon in 
the uterus ts more difficult to interpret. Although the level of 
interferon seems to be sufficiently elevated to indicate an active 
production or an accumulation process, we have not ruled out 
the possibility that uterine contamination by placental material 





Table 1 Characterization of antiviral activity as interferon* 
Treatment? 24h CPE 
None 0 
pH 2.0 () 
Ultracentrifugation 0 
Trypsin 4t 
Actinomycin D 4} 
Heat 4t 
Ant-lF y globulin 4t 
Virus control 4t 
Cells controlss £) 


*Placental extract containing 3,000 PR.,. units of antiviral activity 
diluted 1:10 in Dulbecco’s MEM was used. A 1:100 dilution of thts 
sample completely protected L-ceil cultures against the cytopathic 
effects (CPE) of MM virus. 

tpH adjusted to 2.0 with {M HCl: after 24h at 4°C, pH adjusted 
to 7.0 with 1M NaOH. Ultracentrifugation, Sample centrifuged at 
100,.000¢ for 2h: supernatant fluid collected and assayed for antiviral 
activity. Trypsin, 0.25%, trypsin for 30min at 37°C. Actinomycin D, 
L-cell monolayer cultures were treated with Actinomycin D {O.Spug 
mi $} for Ih before assay of the sample for antiviral activity. Heat, 
The sample was incubated at 56°C for 4h. Anti-interferon y globulin: 
The sample was incubated with an equal volume of antt-IF y globulin 
(30) for 30min at 37°C, 

tL-cell monolayer cultures were treated in duplicate for 4h with 
each preparation. All the cultures. with the ae of cell controls, 
were then challenged with MM virus (apaul lOp.hu. per cel) and 
scored for CPE 24h later. 0= No CPE: 44 =100% ve re; 

SEach preparation had its own cell control ‘which was treated 
identically to the test sample but was not infected. Cell controls were 
all CPE negative. 
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Fig. I} Interferon levels of uterine, placental, and fetal tissues 
from NIH Swiss mice at various stages of gestation. For assay, 
twofold dilutions of each sample were made in Dulbecco's 
minimal essential medium supplemented with 10°; fetal calf 
serum. Each dilution was added to duplicate monolayer cultures 
of L929 cells. After 18h at 37°C, the cultures were washed and 
challenged with approximately 100 plaque forming units (p.fu.) 
of encephalomyocarditis virus (strain MM) and incubated for 48 h. 
The cultures were then stained and the plaques counted. Each 
point represents the antiviral activity of the tissue from an 
individual pregnant mouse. 


is the source of the observed interferon. However, of the three 
explanations, the last seems least probable since a 
contamination of major proportion (>33°%,) would be 
necessary to account for uterine interferon level at the 13-day 
stage (300 units ml~'). On the other hand, the production or 
accumulation of interferon in the gravid uterus, specifically 
between 10 and 15 days of gestation, would suggest stringent 
regulation. 

The inductive event(s) of interferon production in the 
pregnant mouse and the mechanism of its concentration in the 
placenta are not known; however, studies in progress indicate 
that the maximum level of placental interferon in mice is 
under genetic control. We have not so far detected interferon 
in the serum {<10 units ml +} of either virgin or pregnant 
NIH Swiss mice. Whereas this may be interpreted as evidence 
favouring the de novo synthesis of interferon by the placenta, it 
does not preclude the possibility that this organ possesses an 
extraordinary capacity to concentrate interferon from maternal 
systemic pools. In the latter situation, induction by chronic 
parasitic infections in the mouse population could provide 
such a source of interferon. In our experiments, however, we 
have also examined tissues from specific pathogen-free NIH 
Swiss mice and in all cases, placental interferon levels of 
barrier-maintained mice were similar to mice pone in our 
conventional facility. F 

The demonstration that interferon M ated in mouse 
placenta is interesting from several points of view. The 
placenta is an organ which occupies the intermediate zone 
between the maternal and fetal organisms. It is an organ 
of protective, endocrine. and immunological functions and is 
considered intricately involved in fetal acceptance'?. Although 
a role for interferon in any of these events is conjectural, this 
class of glycoproteins exhibit numerous biological properties 
that are compatible with those of successful gestation. In 
addition to its viral prophylactic activity, interferon influences 
a variety of other physiological’ processes ranging from cell 
surface and growth control to immunoregulation. In this 
regard it is particularly noteworthy that prolongation of graft 
survival across H-2 barriers results with systemic interferon 
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inducers?™?t, as well as with the direct administration of 
interferon?'~**. Likewise, cell-mediated immunity in both 
graft- versus-ħost?® and delayed-type hypersensitivity? 
reactions was reduced by interferon treatment. These results 
and the findings that interferon also inhibits DNA synthesis 
induced in mouse lymphocytes in ritro by mitogens and 
allogeneic cells?”~*° suggest a possible involvement of 
interferon in the immunoregulation of fetal acceptance. As we 
have also detected an antiviral activity in a human term 
placenta, the presence of interferon in this organ may not be 
unique to the murine species. 
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Despite the fact that tumour cells with the potential for 
metastasis may circulate randomly, many demonstrate a 
preference for specific organs. Recentiy, several investigators 
have selected variant tumour cell lines with enhanced capacity. to 
metastasize tọ specific organs, mainly using the 
spontaneously originating B16 melanoma cell line of the 
mouse and tumour variants with enhanced capacity to 
metastasize to the lungs', brain’ and liver’. We previously 
reported** the derivation of a liver-specific metastatic variant of 
a Marek’s disease (MD) virus-trans‘ormed, non-producer*® 
lymphoma cell line. MD is a naturally occurring, herpes virus- 
induced, T-cell lymphoma of chickens which bears pathological 
and aetiological similarities to Burkitt's iymphoma in man. This 
makes MD a useful model for study’. One similarity is the 
pattern of metastasis in which both lymphomas induce a high 
incidence of ovarian and liver lesions’. We now report the 
existence of a cell-surface antigen, detectable by a monoclonal 
antibody, correlated with organ-specific metastasis. 
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To quantify liver-specific metastasis in our system, we inject 
“tumour cells intravenously into day 11 chick embryos and 
enumerate metastatic liver foci which form during 6 days of 
further incubation?. MDCG-AL2, a cell line which has been 
selected for liver-specific metastasis, forms many more 
embryonic liver foci than MDCC-RPI or MDCC-AL1, lines 
not selected for organ-specific metastasis, or MDCC-AL3, 
selected for metastasis to the ovary*. Following the same in 
ovo procedure, cell lines which have been selected for increased 
virulence (RPI<ALi<AL2<AL3) form increasingly more 
tumour foci on the chorioallantoic membrane (CAM) of the 
chick embryo. As these embryo assays are sensitive and 
convenient, we used them in inhibition assays to attempt to 
detect specific cell-surface antigens expressed on our liver- 
metastasizing, variant cell hne, AL2. 





Specific rosettes (%) 
Specific cytotoxicity (°,) 





log,, Titre 


Fig. } Indirect rosettes (solid lines) were formed by incubating 
dilations of hybridoma 1.20 culture supernatant with MDCC- 
AL2 cells (@) or MDCC-AL3 cells (QO) for 60min at 4°C. After 
three washes in culture medium, chicken red blood cells with 
rabbit anti-mouse immunoglobulin antiserum (Cappel) coupled 
to their surfaces by a modified 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide (Sigma) technique were added at a 10:1 red cell- 
to-target cell ratio and incubated for 180-min at 4°C. Specific 
rosettes were calculated by subtracting background rosettes 
formed without culture supernatant. Complement-mediated 
cytotoxicity (broken lines) was accomplished by incubating RP! 
(A) ALI (A), AL2 (@) or AL3 (©) cells with dilutions of 
_ hybridoma 1.20 culture supernatant and guinea pig complement 
for 45 min at 37°C. The cells were washed once in culture 
oo medium and cytotoxicity determined by dye exclusion. Specific 
cytotoxicity (broken lines) was calculated by subtracting 
cytotoxicity due to complement alone. In both assays, each point 
represents the average of two determinations. 





For the generation of anti-tumour cell hybridomas, five 
CBA;J mice were injected intravenously with 10° AL2 cells. 
Three days later the spleen cells from the mice were pooled 
and fused with 315.43 myeloma cells as described previously’ °. 
Hybrid clones exhibiting positive direct or indirect 
agglutination activity in their culture supernatants against AL2 
cells were picked and grown for further analysis. Sixteen 
clones proved to be stable and antibody-producers. Of these, 
nine clones seemed to detect chicken major histocompatibility 
complex (MHC, B locus) antigens. Only one clone produced 
antibody which reacted with all types of chicken cells tested, 
normal and malignant, and was considered to be anti-chicken 
panspecific. One clone produced antibody reacting with all 
lymphocytes tested regardless of MHC type. Four clones 
produced antibody which reacted with RPI, ALI, AL2, AL3 
and: another MD-derived lymphoma cell line, MDCC-MSBI, 
but which did not react with normal lymphocytes or 
erythrocytes. One clone, 1.20, produced antibody which 
reacted specifically with AL2 cells (Fig. 1) and showed little or 
no reactivity against chicken red or white blood cells of 
various genotypes, or tumour cells of the other MD-tumour 
cell ines. 
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To test whether the 1.20 antigen might be associated with 
specific liver metastasis, we measured the capacity of 1.20 
antibody to inhibit liver foci induced by AL2 cells in the in 
ovo assay*. It was found thaf preincubation of AL2 cells with 

1.20 monoclonal antibodies (Table 1) specifically blocks the 
a ity of AL2 cells to colonize the embryonic liver without 
affecting the ability of the same cells to produce CAM foci. In 
contrast, CH-4 monoclonal antibodies which detect a chicken 
MHC antigen'® not found on AL2 cells, or 1.24 monoclonal 
antibodies which detect a public MHC antigen common to all 
MDCC-RPI-derived cell lines tested, inhibited neither CAM 
nor liver foci. To test another monoclonal antibody binding to 
AL2 cells, the capacity of 1.20 antibodies to inhibit liver foci 
was compared with that of 1.5 monoclonal antibodies, 
similar in specificity to 1.24 antibodies. This test (Table 2) was 
done with or without the prior complement-mediated killing of 
AL2 cells. Hybridoma 1.20 but not 1.5 monoclonal antibodies 
significantly inhibited the development of liver foci in the 
presence of complement, It is noteworthy that 1.5 monoclonal 
antibodies, which directly agglutinate the AL2 cells, caused a 
significant enhancement in the number of CAM foci induced 
by AL2 cells, suggesting that large emboli of tumour cells 
might be nonspecifically trapped in the CAM. In the same 
conditions, however, 1.5 monoclonal antibodies did not cause 
a significant enhancement in liver foci; this is consistent with 
our previous observations* which suggest that homing of AL2 
cells to the embryonic liver is a specific process and not simply 
a nonspecific trapping of emboli of tumour cells. The fact that 
1.5 monoclonal antibodies caused a slight, but not significant, 
reduction in the number of liver foci suggests that at least a 
few of the liver focus-forming cells may have been trapped 
within cell aggregates. As different classes of mouse antibody 
may affect the homing of metastatic tumour cells differentially, 
we have standardized the class of antibody used. All the 
monoclonal antibodies used in our studies are IgM 
(unpublished data). This is in keeping with our previous 
observations’? which show that the mouse preferentially 
responds to chicken MHC antigens with antibodies of the IgM 
class in the same conditions with which the hybridomas were 
produced for the present study. 

Two different in vitro assays, indirect rosette formation and 
complement-mediated cytotoxicity, were used to verify the 
specificity of 1.20-derived monoclonal antibodies. Both of these 
assays showed that approximately 20°, of AL2 cells have 
detectable cell-surface antigen (Fig. 1). AL3 cells demonstrated 
a small but significant number of 1.20 antigen-positive cells. 

To determine if the frequency of 1.20 antigen expression in a 
cell line correlates with the degree of liver metastasis exhibited 
by the cell line, we derived limiting dilution clones of 
metastatic variants AL2 and AL3. Six clones were isolated 
from AL2 and four from AL3. All 10 clones are non-producers 
for virus, tested as for the parent cell lines (data not 








Table 1 Specific inhibition of liver metastasis by monoclonal 
antibody 
Monoclonal antibody 
added CAM foct Liver foct 
None 60+ 17 (8) 63+ 11 (8) 
CH-4 59 + 16(8) 78 +21 (5) 
1.20 6i+11(7) 32+ 10(9) 
1.24 6& + 17 (10) S6+6 (8) 





Assays for chorioallantoic membrane (CAM) and embryonic liver 


foci were performed as described previously*. For CAM foci, 1 x 10° 
MDCC-AL2 cells were injected intravenously per embryo, and for 
liver foci, 3 x 10* AL2 cells were used. Before injection, cells were left 
untreated or preincubated for 30min with ascites antibodies from 
hybridomas CH-4, 1.20 or 1.24 at a final dilution of 1:100. Results are 
expressed as means+s.d. with number of embryos per group in 
parentheses. Statistically “significant differences were obtained in 
comparing results in liver foci for 1.20 with controls (P <0.001}; 1.20 
with CH-4 (P<0.01) and 1.20 with 1.24 {P <0.001). 
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shown)*'®!!. According to the work of Fidler and co- 
workers!2, these clones should vary in their metastatic ability 
and possibly their antigenic profile. We tested each clone as 
well as the parent cell lines on two oceasions for both indirect 
rosette-forming cells and liver focus-ferming ability. Cell line 
AL2 and its clones ranged from 8 to 75% in frequency of 1.20 
antigen-positive cells. AL3 and its clones ranged from 1 to 
41%. For the liver focus assay, we injected a relatively large 
number of cells to allow maximal precision of the assay. The 
paired observations are plotted in Fig. 2 and show that the 
number of liver foci formed by a clone is directly proportional 
to the number of 1.20 antigen-positive cells im that clone 
(r=0.70, P<0.001). Clone AL3.1 demonstrates a high 
frequency of 1.20 antigen-positive cells and showed high liver 
metastatic ability on both occasions. In contrast, all the other 
AL3-derived clones have a low value for each of these 
parameters as does the uncloned parental line AL3. Note that 
there is some day-to-day variation in 1.20 antigen expression 
and liver focus-forming ability, although successive assays 
correlate very highly. Thus, although correlated and possibly 
associated in a functional sense, the parameters of antigen 
expression and metastasis may vary in the strength of the 
correlation between them for a given clone. This is not 
unexpected as metastasis is a complex series of events only one 
of which involves specific organ recognition. Kerbel? has 
reported that random cloning produces unstable metastatic 
variants in contrast to the work of Fidler'*. Stable metastatic 
variants were produced only after treatment with mutagens 
and lectins'?. In our studies, we have found a strong and 
0 20 40 60 80 relatively stable correlation between |.20 antigen expression 
and liver metastasis. This strengthens the argument in 
conjunction with the 1.20 antibody-mediated inhibition of liver 
metastases that the 1.20 antigen is iavolved in determining 
liver-specific metastasis. 

Thus, we have described the existence of a cell-surface 
antigen, detectable by a monoclonal antibody which is 
correlated with specific liver metastasis of a lymphoma cell 
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Fig. 2 The cell lines MDCC-AL2 (@) plus six limiting dilution 
clones (numbers in circle} and MDCC-AL3 (A) plus four clones 
(numbers in triangles) were tested for 1.20 antigen frequency by 
the indirect rosette assay and for liver metastatic ability by the 


liver focus-forming assay* on two occasions. Indirect rosettes line. Cell populations with a low capacity to form liver foci 
were formed as described in Fig. | using a 1.20 antibody dilution have a low expression of the 1.20 antigen specificity and cell 
of 1:100. A cell dose of 3 x 10° cells per embryo was used in the populations with a high capacity to form liver foci have a high 
liver focus-forming assay. Paired values of 1.20 antigen frequency level of 1.20 antigen expression. Monoclonal antibodies 
and average number of liver foci per embryo are plotted for each directed against the 1.20 antigen inhibit specific liver 
cell line and clone. These values demonstrate a correlation metastasis by AL2 cells but do not inhibit CAM lesions, which 
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hypothesis is that the 1.20 antigen has a functional role in the 
interaction of a blood-borne, metastasizing tumour cell with 
the target organ, the liver. The metastatic process is a complex 
Table 2 Specific inhibiti tl ae i series of events!? and our results with cione AL3.1 have shown 
> a7 1¢ > q ism <E E KIT > ed it . + * £ M g + ig 
iái pecific inhibition of liver metastasis by monoclonal that 1.20 antigen expression is a necessary but not a sufficient 
antibody plus complement eee eed Bu tas uct ka r a 
condition in the determination of successful liver metastases. 
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Assays for CAM and embryonic liver foci were performed as 


described previously*. Before injection, AL2 cells were incubated for i. Fidler, 1. J. Nature new Biol, 242, 148-149 (19734 
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Thymus-derived lymphocytes (T cells) exert their regulatory 
effect (help or suppression) on the antibody production by B 
cells either by direct cell to cell interaction or by soluble 
mediators or factors'’. The low frequency of specific T cells, 
the heterogeneity of their responses and their relatively short life 
span have hampered the molecular characterization of the 
antigen recognition unit of T cells, and its structure is largely 
unknown. The lymphocyte hybridization technique, which has 
been found very useful for the production of B-cell hybridomas 
secreting specific monoclonal antibodies’, has also been used for 
the generation of homogeneous and stable T-cell hybridomas 
with unlimited growth potential**. So far the only specific 
effector function demonstrated in the established T hybridomas 
is the property to generate a factor(s) which suppresses antibody 
responses”. We now describe the establishment of hybrid lines 
which exhibit characteristic T-cell markers. One of the 
hybridomas (denoted R-9) releases into the culture supernatant 
factor(s) with helper activity specific to the synthetic polypeptide 
(T,G)-A--L and bears surface determinants of the 
immunoglobulin heavy chain variable region (V,,). Such hybrid 
cell lines are of great value for studies on the nature of the T- 
cell receptor. 

Cell fusion was carried out essentially as described 
previously’, using 41°: polyethylene glycol 1500 (PEG) as 
fusing agent (Table 1). The AKR/J thymoma line BW5147, 
which lacks the enzyme hypoxanthine guanine phosphoribosyl 
transferase (derived by Dr R. Hyman), was fused with an 
enriched population of activated T cells. Activation of T cells 
to (T,G)-A--L was carried out by the transfer of thymocytes 
from C3H.SW (H—2°) mice into irradiated (750R) syngeneic 
recipients together with 1Opg of (T,G}A--L (ref. 10). One 
week after transfer and 24h before hybridization, ‘educated’ T 
cells from the spleens of the recipient mice were cultured on 
monolayers of (T,G)-A--L-bearing splenic adherent cells. This 
procedure augments the helper activity of (T,G)-A--L educated 
cells (R.N.A. and E.M., unpublished). After hybridization, cell 
suspensions were distributed into 24-well culture plates 
(Costar) and selected for 3 weeks in medium containing 
hypoxanthine, aminopterin and thymidine (HAT). Hybrid 
populations were grown in Dulbecco's modified Eagle's 
medium (DMEM) containing 15°, horse serum (DMEM-HS). 
One month after fusion, 21 individual hybridoma cultures had 
been established. 

The hybrids were screened for the presence of T-cell surface 
markers, immunoglobulin constant and variable (Vy and V,) 
determinants!’ and (T,G)}-A--L-specific biological activity. 
Most of the hybrid lines expressed the Thy 1.1 and Thy 1.2 
alleles (originated from the parental BW5147 and C3H.SW 
lymphocytes, respectively). None of the hybridomas reacted 
with anti-V, or anti-lg antibodies, whereas 5 out of the 21 
lines reacted with anti-V,, antibodies. Three of the V,-positive 
hybrid lines--R-9, R-II and R-17--affected the antibody 
response to (T,G)-A--L. R-11 demonstrated suppressive activity 
which will be described elsewhere. Here we present the 
characteristics of the R-9 hybrid line which exhibits antigen- 
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Detailed analysis of the surface antigens (double 
immunofluorescence staining) and karyotype of R-9 
hybridoma are shown in Table 1. The hybrid nature is 
indicated by the average chromosome number (65), which is 
higher than diploid (40), and by the expression of the H--2 and 
Thy-1 alloantigens of both parental strains on R-9 cells. 
Cytotoxicity assays using anti-Lyt reagents and rabbit 
complement resulted in 40° lysis of the R-9 cells with anti- 
Lyt-1.1, whereas no lysis was observed following treatment 
with anti-Lyt-2.1. Hybrids were not analysed for the Lyt-3.2 
marker. The presence of immunoglobulin variable-region 
determinants was detected by using the F(ab’), of specifically 
purified rabbit antibodies against isolated V,, and Vi 
fragments derived from M-315 myeloma protein'!. Most of 
the R-9 cells did express V,, determinants whereas neither 
BW5147 cells nor R-i9 (another hybrid line derived from the 
same fusion) reacted with anti-V,, antibodies. The distribution 


of stained cells was further analysed by the fluorescence- . 
activated cell sorter (FACS-II) as depicted in Fig. 1. Whereas | 


R-9 cells were labelled with anti-V,, antibodies in a manner 
which suggests a homogeneous population of the stained cells, 
they failed to react with either anti-V, or anti-Ig antibodies. 
Computer analysis of the relative cell number stained with 
anu-V,, indicated that 70-85%, of R-9 cells were positively 
labelled. BW5147 cells were not stained by either anti-V,, or 
anti-V, antibodies (Fig. 1). 

The antigen-specific activity of the hybrid lines was 
evaluated by their ability to produce a factor(s) with helper 
activity in the (T,G)-A--L-specific antibody response. 
Supernatants from 48-72-h cultures (containing 1-2 x 10° 
hybrid cells per ml) were injected together with (T,.G)-A--L 
and 2x 10’ primed B cells into irradiated syngeneic recipients. 
Mice were bled 10-14 days later and (T,G)}-A--L-specific 
antibodies in their sera were determined as shown in Table 2. 
Supernatants from R-9 and R-17 hybridomas induced anti- 
(T,G)-A--L responses when transferred together with T-cell- 
depleted primed spleen cells and (T,G)-A--L. Such activity was 
not manifested by supernatants of BW5147 cells and 19 other 
hybridomas of which R-19 is a representative. The degree of 
help provided by the active supernatants was not as high as 
with the T cells in the unfractionated primed spleen cells, but 
it was comparable to that of 5x 10° (T,G)-A--L-activated T 


Table 1 Cell-surface markers and karyotype analysis of T hybridomas 
Antisera or antibodies BW 5147 R-9 R-19 
H. Stained cells 
Anu-Thy 1.1 1-100) >95 >95 >95 
Anti-Thy 1.2 (1:100) <5 > 90 RS 
Anti-H-2* (1:20) >95 >95 >95 
Anti-H-2° (1:20) <5 >95 >95 
Anti-ig {0.5 mg ml” ') — <5 <5 
Anti-V,, (03mg mi" +) <10 82 <10 
Anu-V, (4) (0.3 mg ml” +} <S <19 z5 
Anti-V, (x) (0.3 mg mi~?) <5 <5 <5 
Karyotype“ 41(40-45) 65(60--72) 65159-75} 


Fusion was carried out by the addition of 41°, PEG 1300 m serum-free 
DMEM to a cell pellet of 36 x 10° enriched activated T cells from C3HSW mice 
(H-2, Thy L23 Lyt LL Lyt 2.1. Lyt 3.2) and 10« 10° AKRI BW5147 
thymoma. After Imin at 37°C, PEG was gradually diluted with serum-free 
DMEM and after centrifugation the cells were suspended in DMEM-HS to a 
concentration of 10° viable BW cells per mb Aliquots (i mi} were distributed 
into each well of 24-well culture plates. Medium contaming HAT was added the 
next day and cultures were fed each third day with fresh HAT medium. The “, 
of stained cells was analysed by indirect immunofluorescence using fluorescein- 
conjugated (FITC) rabbit antibodies against mouse IgG (Miles-Yeda) that were 
intensively absorbed with mouse T-cell lines and thymocytes for the detection 
of the murine alloantisera. FITC coupled to Fiab’), of goat anti-rabbit IgG was 
used for the detection of the rabbit antibodies against the murine variable region 
(Vu and Vij and whole immunoglobulins (ig). Anti-Thy 1.2 and anti-Thy 1.1 are 
monoclonal antibodies. Anti-H-2* antiserum was obtained by the immunization 
of C3H.SW mice with C3H/DiSn lymphocytes and for the production of anti- 
H-2 antiserum C3H/DiSn lymphocytes and for the production of anti- 

*Chromosome number was detected 8 months after fusion. In each 
determination 10 mitotic cells were counted. The range of chromosome number 
is given In parentheses. 
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“Table 2 (T,G)-A~L-spocafio helper activity of culture supernatants of T hybridoma R-9 


Coils and supertiatants transforred ito irradiated rocipsents 


+ 


2x 10" (T,G}A—L-prmed spleen cells 

2x 10° (T,G}A-L-prrmed B cells* 

2x 10" (T,G}A-L-ptimed B calls + 5 x 10° (T,G}A-L ‘educated’ T collst 
2x 10° (T,G}-A—-L-pomed B cells + supernatant of BW5147 

2 x 10” (T,G}A-L-premmed B calls + supernatant of hne R-19} 

2x 107 (T,G)}-A—L-primed B colis + supernatant of hne R-17} 

2x 10 (T,G}A-L-permed B cells + supetnatant of ime R-9} 


2x 107(T,G)}-A—L-primed’ B colls + R-9 oluate from a (T,G}A—L-Sepharose columns} 


f 


2x 10? Ovalbumn-primed spleen calls 

2x 10’ Ovalbumm-promed B colls" 

2 10’ Ovalbummn-primed B cells + supernatant of hno R-9 

2x 107 Ovalbumm-primed B cells + supernatant of BW5147 
2x 10’ Ovalbumin-primed B colls + supernatant of Hoe R-17 


Expt 1 Expt 2 Expt 3 
Antibody response to (T,G}A-L 
{c p.m.) 

12,185 9,777 13,562 
1,880 2,029 TSA 
4,947 4,370 5,163 
2,671 1,659 NT 
NT NT 1,508 
5,125 NT NT 
4,164 4619 4,380 

15,393 NT NT 

"Antibody response to ovelbunun 
(cpm) 

11,257 9,843 
4,521 2,523 
4,346 1,820 
4,054 NT 
7,008 NT 


Colle and supernatants wero transferred into 750-R irradiated C3H SW recypeat mice together with 10g of (T,G}A—L or 100g of ovalbumm. Antibody responses 
m antwora of mico bied 12-14.days after transfer wore measured by plate rachoimmunoessay; 0.05 mg mi? of ather (T,G)}-A-L or ovalbumin diluted in 


baffered saimo PBS were used to coat the wells of flembie 


plates were incubated with ahquots of 1:20 dilution of pooled sera (5-10 mice per 


plates. Antigon-costed 
} The plates wore then moubated with '?*I4abelied goat anti-mouse Fab Rosults are expressed as mean c p.m. of trphcate walls, NT, Not tasted. 


*AnteThy 1.2 and complemont-treated primed spicon calis. 


tEducated T colls obtained from ‘spleens of irrachated recipsonts 1 wook aftor transfor of 10° thymocytes and mmunrration with 10pg (T,G)A-L in complete 


Freund's 


adjuvant 
{Supernatants (1ml) of hybedoma cultures grown to a concentration of 1-2x 10% cells per ml wore myectod mio each recipient mouse together with B colle and 


antigen 


§R-9 supernatant was passed through a (T,G}A-L-Sepbaroee column. Ehituon was with 0.1 M NH,OH. The dialysed eluate was mected at a twofold concentration 


of the origina] supernatant. 


cells (Table 2). The antigen specificity of the help provided by 
the factor was analysed in a parallel system using ovalbumin- 
primed splenic lymphocytes.’ As shown in the lower section of 
Table 2, R-9 supernatants which contain helper. factor for 
(T,G‘A-—L failed to reconstitute the ant-ovalbumin response 
in recipients of ovalbumin-primed B lymphocytes. However, 


R-17 supernatants functioned as non-antigen-specific mediators ~ 


and provided help both to (T,G}A-L and ovalbumin 


A further confirmation‘for the (T,G}A—L specificity of R-9 
supernatants is provided by the high efficiency of an eluate of 
a (I,G}A-—L-Sepharose column in replacing T cells in 
antibody production to (T,G}A—L. As shown in Table 2 the 
antibody levels produced in recipients of (T,G}A-—L-primed B 
cells reconstituted with such an eluate (at a twofold 
concentration of the original supernatant) are comparable to 
those observed in recipients of primed spleen cells. 

To determine whether the antigen-specific factor carries Vy, 
determinants, as shown for R-9 hybrid cells, the above eluate 
of a (T,G}A-—L column was applied to immunocadsorbents 
made of anttV, and of anti-mouse immunoglobulin. The 
effluents and the 0.1 M NH,OH eluates of these columns were 
analysed for their helper activity in an in vitro antibody 
production system’? which enabled us to assay small doses of 
the factor. In this system nitro-iodophenyl (NIP}ovalbumin 
primed spleen cells served as a source of hapten-specific B 
cells. The ability of the different R-9 fractions to provide help 
to these cells in the presence of NIP-+(T,G}A-—L was 
determined by measuring the NIP-specific plaque forming cell 
(PFC) responses (Table 3). As shown in Table 3, the eluate of 
a (I1,G}A~—L-Sepharose column provided (T,G}A--L-specific 
helper activity; this was also shown in vivo in the transfer 
experiments (Table 2). In addition, as demonstrated in Table 
3, the activity of the (T,G)-A—L-Sepharose eluate was 
removed by an anti-V,—Sepharose column and could be eluted 
from this immunoadsorbent with 0.1 M NH,OH. On the other 
hand, the helper activity could not be retained in an eluate of 
a guinsa-pig anti-mouse immunoglobulin immunoadsorbent. 
Thus, the (T,G}A—L-specific helper factor of R-9 hybridoma 
possesses the same Vy determinants as the cell line itself. 

The R-9 hybrid line has expressed V,, determinants and 
produced active helper factors for 15 months since its 
establishment. This line could be cryopreserved and fully 


retained its properties. R-9 cells have been further cloned on 
soft agar. All 45 clones analysed reacted with the anti-V, 
antibodies. Preliminary screening revealed helper activity in 
about 50°% of the clones. 
Antigen-specific helper and suppressor T cells and their 
products have been reported to possess determinants encoded 
by the I region of the major histocom apamun complex!*-!® 
and variable-region gene products!?-?°, have previously 
described the generation and partial Aa a of a 
helper T-cell factor specific for the synthetic polypeptide (T,G} 
A-L!° 24, The helper T-cell-replacing factor could be absorbed 
to immobilized antigen, anti-I~A antibodies and anti-idiotypes 
against (1,G)-A—L-specific antibodies!> 14:22, Similarly, factors 
with suppressor activity have been shown to possess both I-J 
and idiotypic determinants!®: 17:23, More general reagents of 
potential reactivity against the T-cell receptor are the anti-V- 
region antibodies directed the common framework- 


against 
related determinants {Va} +. Such anti-V, antibodies effectively 
interfered with T-cell activities?" and reacted with some T-cell 
products?®. In accordance, we report here the establishment of 
an immunoglobulin-negative V,-positive T-cell hybrid line 
producing a (1,G}A-—L-specific helper factor which bears Vy 
determinants. 


|  BW5147 


antt Vu 





Fig. 1 Immmunodluorescence profile of R-9 hybridoma and its parental 

BW5147 thymoma labolled with ecther antl-V, or ant: V, (4) purfied rabbit 

F(ab’), antibody fragments Flocrescern conjugated F(ab}, of goat anti- 

rabbat IgG was used for steaming. Abscissa, ftuorescence intensity; ordinate, 
rolatve col] number, 
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Table 3 (T,G}-A--L-specific helper factor of R-9 hybrid line possesses Vy 

determinants 
NIP specific PFC per 10° 
viable cells* 

NIP-(T,G)-A~—L NIP-FGG 
Expt] Expt2 Expt! Expt 2 


279443 81423 175424 66428 
1.333476 5004+33 375+25 474+ 8 
1.045457 487423 213431 111417 
416436 388471 196433 103438 

230413 102431 114445 46426 

175420 62432 181419 48417 
621458 4134+34 108424 73427 


NIP-OVA primed spleen cells 
cultured with: 


(T,G)}-A~L-primed spleen cells 

Eluate from (T,G}-A--L~Sepharoset 
Effluent from anti-mouse Ig~Sepharose 
Eluate from anti-mouse Ig~Sepharoset 
Effluent from anti-V,,-Sepharose 
Eluate from anti-V,,-Sepharoset 





NIP-Ovalbumin primed spleen cells were cultured in microtitre plates (10° 
per well) together with either (T,G)-A--L-primed spleen cells (2.5 x 10° per well) 
or the different effluents and eluates (final concentration 25°;). Either NIP-(T.G)- 
A-L or NIP-FGG (fowl y-globulin} (Jug) was added to each well, Culture 
conditions were as described elsewhere!?. 

*Indirect plaque forming cells (PFC) were determined using NIP-sheep red 
blood cell indicator cells. Results are expressed as the mean number of 
quadruplicates tested +s.e. NIP-Ovalbumin primed spleen cells cultured in the 
presence of homologous antigen gave 1,794PFC and 678PFC whereas the 
background without antigen was 68PFC and SOPFC in Expts | and 2 
respectively. 

tR-9 eluted from (T,G)-A--L~Sepharose column (as described in Table 2 
legend). This affinity-purified fraction was further passed through the rabbit anti- 
Vp and guinea pig anti-mouse IgG-Sepharose columns. 

{Elution was with 0.1 M NH,OH. 


Experiments are under way to characterize the products of 
R-9, the first T-cell hybridoma which is a constitutive producer 
of (T,G)-A--L-specific helper factor and bears surface variable- 
region determinants. The information obtained may clarify the 
nature of the molecular association between MHC-coded 
determinants and immunoglobulin variable-region gene 
products in the T-cell recognition unit. 

We thank Ms Heidy Zinger and Ms Tova Waks for 
technical assistance, Dr Patrick de Baetselier for analysing the 
hybridomas in the FACS, and Drs R. Hyman, A. Peled and A. 
Rothstein for BW5147 thymoma, anti-Lyt 2.1 antibodies, and 
anti-Thy 1.2 and 1.1 antibodies, respectively. This research was 
supported in part by a grant from the National Council for 
Research and Development, Israel, and the DK FZ, Heidelberg, 
FRG. Z.E. is an incumbent of the Recanati Career 
Development Chair in Cancer Research. R.N.A. is a recipient 
of the Wolf Michaels postdoctoral fellowship. 


Received 23 January; accepted 29 April 1980. 


. Katz, D. H. & Benacerraf, B. Adv. Immun. 18, 1-94 (1972), 

. Tada, T. & Okumura, K. Ade. Immun. 28, 1-87 (1980). 

. Köhler, G. & Milstein, C. Nature 256, 495-497 {1975}. 

. Goidsby, R. A., Osborne, B. A., Simpson, E. & Herzenberg, L. A. Nature 267, 707-708 

(1977). 

5. Hammerling, G. J. Eur. J. Immun. 7, 743-746 (1977). 

6. Kontianen, S. et al. Nature 274, 477-480 (1978). 

7. Taussig, M. J, Corvalan, J. R. F., Binns, R. M. & Hollman, A. Nature 277, 305-308 
{1979}, 

3. Taniguchi, M., Saito, T. & Tada, T. Nature 278, 555-558 (1979). 

9 Gaifre, G. Howe, S. C, Milstein, C., Butcher, G. W. & Howard, J. C. Narre 266, 550- 
552 {1977}. 

19. Taussig, M. J, Mozes, E. & Isac, R. J. exp. Med. 140, 301-312 (1974), 


Be et Eh ew 


12. Mishell, R. L & Dutton, R. W.J. exp. Med. 126, 423-442 (1967). 

13. Taussig, M. J, Munro, A. J, Campbell, R., David, C. S. & Staines, N. A. J. exp. Med. 
142, 694-700 {1975}. 

i4, isa, R, Dorf, M. E. & Mozes, E. Immunogenetics $, 467-475 (1977). 

I5. Fædmann, M. ef al. in ir Genes and Ja Antigens ted. McDevitt, H. O.) 315-323 
(Academic, New York, 1978} 

16. Tada, T., Taniguchi, M. & David, C. 8. Cold Spring Harb. Symp. quant. Biol. 41, 149-127 
{1977}. 

17. Thèze, J. Kapp, J. A. & Benacerraf, B. J. exp. Med. 195, 839-856 (1977), 

18. Okumura, K.. Herzenberg, L. A, Murphy, D. B. MeDevitt, H. O. & Herzenberg, L. A. J. 
exp. Med. 144, 685-698 (1976). 

i9. Binz, H. & Wigzell, H. J. exp. Med. 142, 197-211 (1974). 

2G, Eichmann, K. & Rajewsky, K. Eur. J. Immun. $, 661-666 (1975). 

Zi. Krawinkel, U., Cramer, M., Melchers, 1, Imanishi-Kari, T. & Rajewski, K. J. exp. Med. 
447, 1341-1347 {19783}. 

22. Mozes, E. & Haimovich, J. Nature 276, 56-57 (1979). 

23. Germain, R. N, Ju, ST. Kipps, T. J, Benacerraf, R. & Dorf, M. E. J. exp. Med, 149, 
613-622 (1979), 

24. Isac, R. & Mozes, E. J. Immun. 118, 584-588 (1977). 

35. Eichmann, K. Ben-Neriah, Yn Givol, D. & Lona: P. Eur, J. Immun. Gin the press). 

26. Cramer, M. et al. Eur. J. Immun. 9, 332-338 (1979). 








eterna = 


0028-08 36/80/290272--03$0 1.00 





rhenana eynde aa n AAAA AAAA A AA AAA A AAMAS Anet A AAE AAAA AAAY SS UPPER ASSANE Ea A OIA 
ann nnee A pt e yaa aaa aaa 


pinaasa e a tN 
pagrarmnnneeee h AA than anapaann  a Asi mare ETA Tere eA 


Nature Vol. 286 


17 July 1980 





Small subunit of I-A subregion antigens 
determines the allospecificity 
recognized by a monoclonal antibody 
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The murine major histocompatibility complex (MHC) codes for 
three groups of identifiable cell-surface proteins, the K, D 
molecules, the I-A subregion antigens and the I-E subregion 
antigens. All three groups of molecules display a high degree of 
serologically detectable polymorphism’ and consist of two 
noncovalently associated polypeptides’*. Amino acid sequence 
and peptide comparisons among allotypes of K, D and J-E 
molecules reveals that one polypeptide is relatively constant, 
whereas the other is highly variable". Thus, it is likely that 
only one of the two polypeptides, the variable component, 
determines the antigenic specificities recognized by alloantisera. 
In contrast to the K, D and I~E molecules, both subunits of I-A 
molecules display substantial structural differences when 
comparisons among allotypes are made*'*'*. Therefore, we have 
investigated whether one or both subunits of I~A molecules 
determine their alloantigenic specificities. Our results, presented 
here, indicate that only one of the two subunits determines a 
particular allospecificity recognized by a monoclonal antibody. 
I-A molecules radiolabelled with *H-phenylalanine were 
isolated from B10.A(5R) mice by indirect immunoprecipitation 
with (BIO.A x A)F, anti-B10.A(5R) antisera’* (Fig. 1b) I-A 
molecules were isolated from BIO.A(4R) and [B10.A(4R) 
x BIO.A(SR)|F, mice with monoclonal antibody 10-2.16 (Fig. 
la,c), which is unreactive with B10.A(5R) mice and putatively 
directed against the public antigenic specificity Ia.17 based on 
its pattern of reactivity (Table 1 and ref. 17). The larger (A,) 
and small (A,) chains were purified by SDS-polyacrylamide gel 
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Fig. 1 SDS-PAGE profiles of J-A antigens immunoprecipitated 
from BIO.A(4R) (a), 
37,000) 


antigens from BIO.A(SR) mice is multispecific and also - 
precipitates the H-2K molecule (MW 45,000). d Illustrates the 
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Table 1 Cytotoxic activity of reagent from 10-2.16 


LRT petty fA A ARE RRR II Nth a naana 
seine pale pl A Ne Hone A a 





Reciprocal 

Spleen from: I-A FEC titre 
BIO.BR k k 160 
B10.D2 d d <10 
Bi0.A k kid 160 
B10.A(4R) k b 160 
B10 b b <10 
BIOG q q <10 
B10.5 S § 320 
PL u u 160 
BIO.LPRHI r r 160 
BIOM f f 160 
B10.A(5R) b k/d <10 





from B10. LALAR) and BIDAL (AR) x BIO. AISR) )JF, mice was aded 
by collecting and concentrating supernatants from cultures of 
hybridoma 10-2.16. This hybridoma was originally produced by fusing 
splenocytes from a CWB mouse immunized with C3H cells with the 
NS-1 myeloma. Cytotoxic activity was measured as described 
previously*?. The resultant monoclonal antibody only lyses cells which 
possess the I-A**'"" subregion, and is putatively directed against the 
antigenic specificity la.17 based on this pattern of reactivity!’ 


electrophoresis (PAGE)'® and tryptic peptide maps were 
obtained as described elsewhere'®~*!. A, chains isolated from 
B10.A(4R) and BIO.A(5R) mice (designated A* and Ab, 
respectively) are distinguishable by their tryptic peptide maps 
(Fig. 2a), as are the A, chains isolated from B10.A(4R) and 
B10.A(5R) mice (designated Af and Aj, respectively) (Fig. 3a). 
Peptide mapping of the A, and A, chains immunoprecipitated 
from [BI0.A(4R)x BIO.A(SR)JF, mice with monoclonal 
antibody 10-2.16 directed against the I-A molecule of the 
B10.A(4R) parent (I-A*) reveals that they consist solely of the 
A$ chain (Fig. 3b) and a mixture of A‘ and A? chains (Fig. 
2b). The absence of an Aj chain in the immunoprecipitate is 
not due to the inability of these F, mice to express the AG 


the A’ chain from F, mice. 

We conclude from these results that the allospecificity 1a.17 
recognized by monoclonal antibody 10-2.16 is determined by 
the 8 chain according to the following rationale: when a 
monoclonal reagent specific for I-A from parent | ts used to 
precipitate I-A molecules from an F, offspring, several results 
are possible. If the specificity is determined only by the g 
chain, the « chain from parent 1 but not from parent 2 would 
be found in the F, precipitate. Conversely, if only the f chain 
determines the specificity, the B chain of parent 1 but not of 
parent 2 would be found. Finally, if both chains are 
responsible, both « and f chains from parent 1 and none from 
parent 2 would be found. Because the antibody displays 
specificity for the Aj chain and none for the x chains, we 
conclude that the f chain determines the antigenic specificity 
recognized by the monoclonal antibody. The observation that 
both a chains are found in the F, indicates that both x chains 
can freely associate with the Af chain. Immunoprecipitation of 
both x chains cannot be due to their recognition by the 
monoclonal antibody, because then the monoclonal antibody 
would be expected to react with and precipitate I-A molecules 
from B10.A(SR) mice, which it does not (Table 1 and Fig. 1). 
However, we cannot rule out the possibility that the antigenic 
determinant recognized by monoclonal antibody 10-2.16 
actually resides on the x chain and is generated when either A* 
or A? associate with the specific A} chain. 

Thus, only one of the two Gane of I-A subregion 
antigens, the f chain, has a crucial role in determining the 
_. antigenic determinant recognized by the monoclonal antibody. 

This, combined with studies that attribute the molecular 
polymorphism of the murine I-E subregion and K, D gene 
products, and their respective human analogues the HLA- 
DR!*?!) and HLA-A,B,C??:?* antigens, to one of two 
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subunits, makes it tempting to propcse that only one chain, 
the $ chain, is generally responsible for the alloantigenic 
specificities of I-A antigens. To substantiate this hypothesis, 
reagents against several other I-A specificities must be tested. 

Assignment of the alloantigenic specificities of I-A molecules 
to one subunit has important functional implications. 
Genetic?’ and serological?* studies suggest that T-cell 
recognition of allotype-specific I-A molecules on B cells and 
macrophages is a prerequisite for the development of optimal 
immune responses. If T cells perceive I-A antigens with a 
specificity similar to antibody, it is also possible that only the 
B chain determines allotype-specific recognition of I-A 
molecules by T cells. The free association of both z 
components with the Aj component may be interpreted to 
mean that both a components have a common. effector 
function and may be substituted for one another. 

In contrast to the proposal that the f subunit alone 
determines I-A antigenic specificities, the findings of Fatham 
et al?° may be construed to suggest that some antigenic 
specificities perceived by T cells are due to unique 
combinations of x and f chains. These authors found that 
some cell-surface antigenic determinants controlled by the 
MHC and recognized by T cells in mixed lymphocyte culture 
(MLC) reactions, are unique to F, ammmals and absent from 
both parental types. Although some of these specificities may 
be attributed to complementation of two MHC genes required 
for the expression of I-E molecules, as has been demonstrated 
by several investigators? ™?S, others cannot be explained on 
this basis. The observation that « and # chains from an F, 
animal are capable of associating in a random manner 
introduces the possibility of generating antigenic specificities 
unique to the F, offspring and absent from both types, and 
may explain the findings of Fathman e? al. If « and P chains 
can reassociate in a random fashion, F, animals should have 
four distinct sets of I-A complexes, two that are unique to the 
F, and not found on either parental types and one from each 
parental type. From a functional viewpoint, if I-A molecules 
are perceived by T cells in both MLC reactions and T~B or 
T-macrophage cell interactions in a similar fashion, an F, 
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Fig. 2 Comparative tryptic peptide maps of the A, chains 
immunoprecipitated from B10.A(4R), B10.A(5R)} and [B10.A(4R) 
x BIO.A(SR)]F, mice. The A, chain isolated from B1O.A(5R) 
mice (designated A>) displays a peptide peak (1) that is absent 
from the A, chain isolated from B10.A(4R) mice (designated A?) 
{a}. The peptide map of the A, chain isolated from [BIG.A(4R} 
x BIO.A(SR)JF, mice displays peak I, which is unique to the A> 
chain (b). Furthermore, this peptide map is virtually identical to 
that derived from a mixture of the AP and A*® chains {c} 
Positional differences (1-2 gel slices) of peptides and the apparent 
‘splitting’ of the peak near slice 80 {c) are due to minor variations 
in gel slicing. 
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Fig. 3 Comparative tryptic peptide maps of the A, chains 
immunoprecipitated from BIO.A(4R}, B1I0.A(SR) and [BIO.A{4R) 
x BIG.A(SR)JF, mice. The A, chain isolated from B!0.A(5R) 
mice (designated Aj) displays several unique peptides (III and 
IV); the A, chain isolated from B10.A(4R) mice (designated Aj) 
also has one unique peptide (II) (a). The peptide maps of A, 
chains isolated from [B10.A(4R) x BIO.A(SR)IF, and B10.A(4R) 
mice are virtually identical (b). Clearly, the A, chain isolated 
from [B10.A(4R)x BIO.A(S5R)]F, mice does not comprise a 
mixture of Aj and Aj chains, as its peptide map is different from 
that derived from the mixed Aj and Aj chains (ce). 


animal might be expected to possess some T cells that are 
capable of interacting with B cells and macrophages only from 
F, animals and not from either parental type. Although 
experiments by others clearly demonstrate that cells of F, 
animals can interact with cells of either parental type??~*), 
functional studies designed specifically to determine the 
possibility of F, specific interactions have not been performed. 
It is important to discover whether such unique F, 
determinants frequently have an important role or are only 
found in rare cases. 

The analytical method used in the present studies provides a é 
general means of determining which chain confers the unique 
allospecificity on any complex consisting of multiple subunits, 
provided that both subunits from both parents are 
distinguishable and that monoclonal antibody or an 
operationally monospecific alloantiserum directed against the 
allospecificities 1s available. Furthermore, this method does not 
require retention of alloantigenicity after separation of 
noncovalently associated subunits to determine which subunit 
carries the allospecificities. Additional studies with several 
monoclonal antibodies directed against I-A* and other 
allospecificities will enable us to assess definitively the relative 
contributions of the A, and A, polypeptides to the 
alloantigenicity of I-A subregion antigens. 

This work was supported by NIH grant CA 23030. J.S. 
holds an established investigatorship from the American Heart 
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Increased proton conductance pathway 
in brown adipose 

tissue mitochondria of rats 

exhibiting diet-induced thermogenesis 
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It has recently been demonstrated’ that in rats induced to 
overeat by being fed a varied and palatable diet (the ‘cafeteria 
diet’) there is a marked increase in heat production which serves 
to reduce, or prevent, the development of obesity. This diet- 
induced thermogenesis is associated with increases in 
sympathetic activity, and with changes in brown adipose tissue. 
Following cafeteria feeding, brown adipose tissue hypertrophies 
and exhibits increased lipolysis and an apparently greater 
thermogenesis in response to noradrenaline. These metabolic 
changes resemble those seen during non-shivering thermogenesis 
in cold-adapted rats, and it was proposed’ that non-shivering 
thermogenesis and diet-induced thermogenesis have a similar 
metabolic origin which depends on the unique capacity of brown 
adipose tissue for thermogenesis. During non-shivering 
thermogenesis heat is produced in brown adipose tissue through 
a proton conductance pathway across the inner mitochondrial 
membrane that dissipates the proton gradient generated by 
respiration’. The activity of the proton conductance pathway can 
be modulated by purine nucleotides, and changes in the pathway 
seem to be related to the level of purine nucleotide binding to 
brown adipose tissue mitochondria. We now report results which 
indicate that the proton conductance pathway is augmented in 
cafeteria-fed rats, and suggest that it operates to dissipate their 
excess energy intake through diet-induced thermogenesis. 

In the first experiments, the activity of mitochondrial 
enzymes and the effect of purine nucleotides on mitochondrial 
respiration were determined with brown adipose tissue of 
normal and cafeteria-fed animals. Groups of adult, male 
Sprague-Dawley rats (Charles River) were maintained on 
either the conventional stock diet (PRD, Christopher Hill 
Group) or the cafeteria diet (see refs 1, 3 for details) for up to 
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20 days in a room maintained at 24°C. As in previous 
studies', the cafeteria - fed rats overate and exhibited increased 
metabolic rates and an increased thermogenic response to 
injected doses of noradrenaline. After 10-20 days the rats were 
© killed and the interscapular brown adipose tissue was removed 
„and homogenized, and the total protein content and 
cytochrome oxidase (EC 1.9.3.1.) activity were measured. 
Mitochondria prepared from homogenates were also assayed 
for protein, and for cytochrome oxidase and g- 
glycerophosphate dehydrogenase {EC 1.1.1.99.5.) activity. 
Details of the methods used and the results obtained are 
shown in Table 1. 

Cafeteria feeding resulted in a near doubling of interscapular 
brown adipose tissue (BAT) mass and total protein content. 
There were also large increases in the total activity of the two 
mitochondrial respiratory enzymes, related to a twofold 
increase in mitochondrial protein content of the brown 
adipose tissue of cafeteria-fed rats. The enzyme changes were 
not due to increases in specific activity {that is, activity per mg 
mitochondrial protein} nor to differences in the recovery of 
mitochondria, and indicate that the oxidative capacity of this 
brown adipose tissue depot increases substantially during 
overfeeding. 


These changes resemble those seen in cold-adapted 
animals*~® where high rates of mitochondrial respiration in 


brown adipose tissue result from a combination of increased 
oxidative capacity and reduced respiratory control’. 
Respiratory control can be partially restored by incubating 
mitochondria in the presence of albumin but significant 
improvements require the further addition of purine 
nucleotides’. In the present study, respiratory rates of brown 
adipose tissue mitochondria from cafeteria-fed rats were 30°, 
greater than those from control animals, even when incubated 
with albumin to avoid differences due to any uncoupling effect 
of endogenous fatty acids (Table 2). However, the addition of 


Table 1 Mitochondrial enzyme activities in interscapular brown 
adipose tissue from control and cafteria-fed rats 
Control Cafeteria 

Weight of animals (g) 196.5+3.3 190.7+2.5NS 
Interscapular brown adipose 

tissue mass (mg) 275+10 538 + 18* 
Total brown adipose tissue 

-protein (mg) 32.4424 58.7 +4.0* 


Total cytochrome oxidase activity 
(pmol cytochrome c oxidized 
per min per mg tissue) 19.8+3.3 

Mitochondrial cytochrome oxidase 
activity (umol cytochrome ¢ oxidized 
per min per total mitochondrial 
preparation) 

a-Gilycerophosphate dehydrogenase 
activity (umol O, consumed 
per min per total mitochondrial 
preparation) 


44.24 7.17 
5.1+0.7 


118+ LSI 


0.58+0.03  1.62+0.19* 





The animals used were aged approximately 6 weeks. Protein content 
of tissue homogenates and mitochondrial preparations was determined 
using a protein dye reagent kit with a bovine serum albumin standard 
(Bio-Rad). Mitochondria were prepared using the isolation procedure 
described by Slinde er al.'®. Cytochrome oxidase activity was 
determined spectrophotometrically using a modification of the assay 
described by Yonetani and Ray” and «a glycerophosphate 
dehydrogenase activity was assayed polarographically'®. The specific 
activities of the two enzymes (that is, activity per mg mitochondrial 
protein) were not different in the two groups but the amount of 
mitochondrial protein isolated was different--3.5+0.3 and 7.1+0.4mg 


m control and cafeteria-fed groups, respectively (P< 0.001). 
Comparison of cytochrome oxidase activities in whole tissue 


homogenates and mitochondrial preparations indicates that the 

fractional yield of mitochondria was identical in both groups. Results 

are mean values +s.e.m., n=8. NS, Not significant (P > 0.05). 
*P<0.001; TP <0.01, compared with control values. 
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Table 2 Respiration of mitochondria from brown adipose tissue of 
control and cafeterta-fed rats 
M aonda respiration 
(nmol O, per mg protein per 


min} 
Centrol Cafeteria 
+ Albumin (Smg mi” $} 32.8220 42.7 t Pe es 
+GDP {I mM} 20,2 + 1.2 i872 42.9 NS 
+FCCP (SuM) 35.34 2.6 38.3 34 ,3.4NS 





The age and weight of the rats used were similar to those in Table 
i. Mitochondria were prepared by the method of Slinde er alt”, and 
oxygen consumption was measured at 25°" in a Clark-type oxygen 
electrode (Rank Brothers) using the conditions described by Nicholls’. 
Mitochondrial protein was measured as in Table 1. Results are mean 
values +s.em., n=8 NS, Not significantly different (P> 0.05) from 
controls. 

*P<O.01. 


GDP (Sigma) resulted in a marked ‘tightening’ of respiratory 
control such that respiratory rates were decreased in both 
groups and the differences between then were abolished. This 
effect of GDP could be overcome by adding the uncoupling 
agent carbonyl cyanide p-trifluoromethoxyphenylhydrazone 
(FCCP, Sigma). These results indicate that brown adipose 
tissue mitochondria from cafeteria rats are more ‘loosely 
coupled’ than those from control rats. 

The action of purine nucleotides on mitochondrial 
respiratory control in BAT is due to ithibition of the proton 
conductance pathway’. This inhibition is associated with the 
binding of the purine nucleotides tc an inner membrane 
protein (molecular weight 32,000) unique to brown adipose 
tissue mitochondria. Changes in mitocnondrial GDP binding 
have been used to study the capacity of the proton 
conductance pathway during cold-ada station in rats®”, and 
during early development in both rats* and guinea pigs'’, as 
well as to investigate abnormalities <n heat production in 
brown adipose tissue from genetically ooese (ob/ob) mice’. In 
view of the similarities between non-saivering thermogenesis 
and diet-induced thermogenesis an experiment was carried out 
to compare the purine nucleotide binding capacity of brown 
adipose tissue mitochondria isolated from cafeteria- and stock- 
fed rats maintained in warm and cold er vironments. 

Similar rats to those used in the ‘irst experiments were 
housed at either 24°C (warm-adapted) or 4°C (cold-adapted) 
and fed the stock diet for 15 days, after which time half the 
animals at each environmental temperature were allowed 
access to the cafeteria diet. We have previously shown” that 








Table 3 Purine nucleotide (GDP) binding to interwcapular brown adipose tase 
mitochondria from cafeteria and control rats maintained at either 24°C Owarm) 
or 4°C (cold) 


Warm Cad Cald 
contrel cafeterta coniral 
326.34 18.1 306.0475 IIAG TER 


Warm 
cafeteria 
Animal weights {g} 
Mitochondrial protein 

recovered (mg) S.74+09 8.7+0.9* 
GDP binding (pmol 

GDP per mg 

mitochondrial protein) $2.64+74 135.34 240 249.24 17.8% 237.54 14.62 

n 7 5 5 5 





The rats used in these experiments were aged approximately 10 weeks, 
Mitochondria were prepared by the method of Shade et al.'®. and the protein 
content of taoi preparation was determined colerimetrically by a modified 
Lowry assay'? using bovine serum sea as a standard. Mitochondrial GPP- 
binding was measured essentially as dest scribed by Nicholis** wih ihe 
modifications of Desautels et alf: r GDP and ("sucrose {both 
Radiochemical Centre} incubations were carried out for 7min at room 
temperature. Results are mean values + s.¢e.m. 

*P<0.03: tP< 0.01; $P<0.001, compared with warm controis 
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cafeteria feeding in the warm produces quantitatively similar 
increases in metabolic rate, noradrenaline sensitivity and 
brown adipose tissue mass, to those seen with cold-adapted 
stock-fed controls. In the present study, animals were killed 
after 10-20 days on the experimental diets and brown adipose 
tissue mitochondria prepared for determination of GDP- 
binding capacity. Details of the methods used and results 
obtained are shown in Table 3. 

Cafeteria feeding in the warm environment resulted in a 
significant 2.5-fold increase in GDP-binding per mg 
mitochondrial protein compared with warm-adapted controls. 
Thus, the high diet-induced thermogenesis resulting from 
cafeteria feeding apparently leads to a marked increase in the 
proton conductance of brown adipose tissue mitochondria, 
similar to that observed with cold-adaptation. It is unlikely 
that the increased GDP binding of cafeteria-fed rats over that 
of the controls was due to the isolation of a different 
population of mitochondria or to differences in the purity of 
the preparations, because the specific activities of the two 
respiratory enzymes (cytochrome oxidase and g- 
glycerophosphate dehydrogenase) were almost identical for 
both groups. 

Cold-adaptation produced a greater than fourfold increase 
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in GDP binding per mg mitochondrial protein in both stock- 
and cafeteria-fed rats. The results for the cold-adapted control 
group are similar to those reported by Desautels et al’, and 
although an additive effect of cold and cafeteria feeding on 
metabolic rate and noradrenaline sensitivity has been seen in 
earlier experiments’ *, this is not reflected in the GDP-binding 
results for the cold- -adapted cafeteria group in the present 
study. 

The present results are the first report of an effect of diet 
and energy intake on the capacity of brown adipose tissue 
mitochondria for thermogenesis. They support our earlier 
suggestion’ that the mechanisms of diet-induced thermogenesis 
and non-shivering thermogenesis are similar, and are 
consistent with the improved cold tolerance of overfed rats!?. 

Genetically obese animals (ob/ob and db/db) have impaired 
thermogenesis'*~'*, which has been associated with a lowered 
purine nucleotide binding in their brown adipose tissue 
mitochondria'*. This finding. together with the results of the 
present study, suggest that’ brown adipose tissue has an 
important regulatory role in energy balance, as well as in body 
temperature. 

This work was supported by the MRC, the Rank Prize 
Funds and SW. Thames Regional Health Authority. 
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Insulin stimulates sugar transport 
in giant muscle fibres of the barnacle 


P. F. Baker & A. Carruthers 


Department of Physiology, University of London King’s College, 
Strand, London WC2R 2LS, UK 


Insulin stimulates sugar transport in vertebrate skeletal muscle 
but the mechanism of insulin action is unknown’. It has been 
reported that Na transport in giant muscle fibres of the barnacle 
( Balanus nubilis) is sensitive to insulin’ but no one has examined 
the sensitivity of sugar transport to insulin in this preparation. 
We show here that insulin does, indeed, stimulate sugar 
transport in barnacle muscle. The great advantage of barnacle 
muscle over all other muscles used so far for investigating the 
mechanism of insulin action is its large size, which facilitates 
measurements on single cells and permits the experimenter to 
control the intracellular environment of the muscle fibre by the 
technique of internal dialysis’. Using single muscle fibres it is 
possible to show that acceleration of sugar transport by insulin 
is associated with a fall in ionized Ca, a fall in cyclic AMP and 
a rise in cyclic GMP. Working with internally dialysed muscle 
fibres we find that insulin only increases sugar transport when 
the dialysis solution contains ATP. In the absence of insulin, 
sugar transport in dialysed muscle is increased by a rise in 
ionized Ca, a fall in cyclic AMP and, when the internal Ca is 
elevated, by a rise in cyclic GMP. 

D-Glucose is taken up and metabolised by barnacle muscle 
fibres. For this reason, the non-metabolised sugar 3-0- 
methylglucose was used throughout the present study. In 
addition to their sensitivity to insulin, 3-O-methylglucose 
fluxes in barnacle muscle show several features in common 
with sugar transport in mammalian tissues. Sugar uptake and 
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exit consist of two components: a saturable component 
(apparent K,=SmM, V,,,=17pmolem™?s~') which is 
reduced by both phloretin (apparent K,=10°*M) and 
cytochalasin B (apparent K;=5x 10°°M), and a component 
which increases linearly with sugar concentration and Is 
insensitive to phloretin or cytochalasin B. 

Porcine insulin stimulates reversibly the rate of sugar uptake 
and exit in isolated muscle fibres in a concentration-dependent 
manner {half-maximal stimulation seen at 1.2Uml™'). 
Barnacle muscle fibres bind '?*I-insulin: this can be displaced 
by cold insulin, and in the presence of 1U mi $, the insulin 
space of single fibres is about five times greater than that of 
mannitol or sucrose. Both insulin binding and the activation 
of sugar transport become saturated at roughly the same 
concentration of insulin and on the assumption that all the 
radioactivity is bound to the surface of the muscle, the number 
of insulin binding sites is 600 per pm’. These findings suggest 
that barnacle muscle fibres have receptors for insulin but we 
do not know whether barnacles possess endogenous insulin or 
an insulin-like peptide. The stimulatory action of insulin is 
confined to the phloretin- or cytochalasin B-sensitive 
component of sugar transport. In the presence of these 
inhibitors, insulin has no effect on sugar fluxes but in their 
absence it increases the rate of sugar uptake 2.4-fold and the 
rate of sugar exit approximately 2.5-fold. Denatured insulin, 
ZnCl, (60M) and albumin (0.5 mg mi~ +) are unable to mimic 
the effect of native insulin. Analysis of the kinetics of sugar 
uptake shows that insulin increases the Vaas with little or no 
effect on the apparent K m 

Insulin has been claimed to exert its action on sugar 
transport through changes im cyclic nucleotide levels or ionized 
Cal-2:4-© These cong aa can be examined directly using 
single barnacle muscle fibres. The effect of insulin on cyclic 
nucleotide levels is shown in Fig. 1. Insulin (5 U ml” ') elicits a 
roughly simultaneous rise in cyclic GMP and fall in cyclic 
AMP. levels which can be detected as early as 2min after 
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: Fig. 1} a-d The effects of insulin (SUm 1) on 3-0- = 
~methylglucose (3-0-MG}) exit, cyclic nucleotide levels and 
aequorin light output in barnacle muscle. a, Time course of the 
stimulation of sugar exit in single muscle fibres by insulin s 
Fibres were bathed in seawater, composition (mM): NaCl, 442; = 
KCL 10; MgCl,, 53: CaCl, 11; Tris, 10, pH 7.6. Each point aa 
consists of four or more fibres, Mean fibre diameter 326 pm; = 
temperature, 11+1°C. b, Time course of the rise in cyclic GMP Z 
levels caused by insulin. Each point consists of six sepärate 3 
determinations. The concentration of w a 4 $ 
$ 20min incubation in insulin- fr 
ü 
- course of the fall in Re AMP levels caused by g'or E 
point consists of five or six separate determinations. ol ` r 
levels corresponding to 20min incubation in seawater (® are a 
shown above the points. Temperature, 12°C. Recovery of 2 ee 
exogenous cyclic AMP added to barnacle musci genates 2 i alia aie 
was 93.4%. d, Time course of the change in intrat free Ca 3 
as a result of exposure to insulin. The fibre was ted with oY 
aequorin and left in flowing seawater for 2h to allow the 150 
aequorin to diffuse uniformly across the cell. The figure is a 
tracing of the photomultiplier output as displayed on a pen 
 gecorder. The light output was stable before application of es 
~- insulin. Above the record at 20min is shown the level to which a 
fight output recovered after 20min in insulin-free seawater. Fibre = 
diameter, 984 um; temperature, 11 °C. $ 
E 
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Fig. 2 The effect of insulin on 3-O-methylglucose uptake in an internally dialysed muscle fibre. The fibre was dialysed with a sotinon of the 
folowing composition (mM): K aspartate, 150; NaCl, 32; MgCl, (in excess of ATP), 10; CaCl,, 1.5; EGTA, 5; HEPES, 5; PIPES, 5; NaCN, 
2; ECCP, 2ygml~'; phenol red, 2, pH 7.0. The osmolarity was adjusted to 975 mosM with sucrose. ATP was added to the lien as 
3 MeATP. In calculating the concentration of ioniged Ca, the log of the stability constant for Ca-EGTA ar pH 7.0 was taken as —6.724. 
Internal ATP and GTP concentrations are shown above the points. External application of insulin (5 U mi~ +} is indicated by the solid bars. 
che external 3-O-methylglucose concentration was 2mM in all dialysis experiments. The fibre was dialysed for 2h with a solution containing 


ATP before external application of isotope. Fibre diameter, 985m; temperature, 10°C. As in Fig. 4, sugar uptake is expressed as 
i wx F — É 
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Fig. 3 The effect of raised internal free Ca on the activation of 
3-O-methylglucose uptake by cyclic GMP. The data are pooled 
from six fibres. Each curve shows the cyclic GMP-dependent 
activation of sugar uptake at different Ca levels. The small 
activation caused by raising the internal ionized Ca concentration 
is subtracted from each point. The ionized Ca levels are 0.91, 0.5, 
0.41, 0.27 and 0.12uM for. curves a-e, respectively. Curves a-e 
are calculated by Linew rBurk analysis, on the assumption 
that the maximum stimulation in all cases is 100°. The apparent 
Michaelis constants for cyclic GMP are: curve a, 4.12 x 1077M; 
curve b, 6.92 x 1076M; curve c, 1.9 x 1074M. Curves d and e are 
drawn by eye. Mean fibre diameter 1,241 um; temperature, 10°C. 





adding insulin to the medium. The changes in cyclic nucleotide 
levels seem to precede the change in the rate of sugar exit; this 
is not inconsistent with the possibility that insulin increases 
sarcolemmal sugar permeability through alterations in cyclic 
nucleatide levels. 

The hypothesis that insulin acts in muscle by mobilizing 
intracellular Ca can be tested directly in the barnacle muscle 
fibre using the Ca-sensitive photoprotein aequorin. Fibres 
were injected axially with aequorin and the light emitted 
passed along a fibre optic system to a photomultiplier (EMI, 
9635 B) the output of which was displayed on a pen recorder. 
Resting light output was calibrated by use of a variety of Ca- 
EGTA buffers’ and, on the assumption of an internal ionized 
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Mg of 4mM’ a &) and pH of 7.2 (ref. 9), the light output was 
found to correspond to a free internal Ca of 70nM. On 
exposing fibres loaded with Aegnorin and isotopic 3-0- 
methylglucose to insulin (5U mi~ t}, there was a simultaneous 
increase in the rate of sugar exit and a small, but reproducible, 

fall in the resting light output (Fig. 1). This effect on light 
output was not mimicked by ZnCl, (604.M), denatured insulin 
or albumin (0.5mgmil~'). A fall in light output was rather 
unexpected in view of the claims that insulin may increase 
intracellular ionized Ca. It is well known that intracellular 
ionized Ca can be manipulated by altering external Ca or 
replacing external Na with Li, and the effects of these 
manoeuvres on sugar fluxes were examined. Removal of 
external Ca reduced light output by some 70%, and 
E of Na by Li increased hee is eeni tordi 








preparation seems not to be re elated in any ease way to k 
myoplasmic ionized Ca concentration. 
Another way to examine this problem is to use internally 








fibres*. With this technique it is possible to 
d Ca to some predetermined level using Ca- 
EGTA buffers; if a change in ionized Ca is a prerequisite of 
insulin action, it should be impossible to elicit any response to 
insulin in conditions of dialysis with solutions containing 
EGTA buffers. This was certainly not the case. Figure 2 shows 
that, provided ATP was in the dialysis solution, insulin 
stimulated the rate of sugar uptake in the presence of a 
buffered Ca concentration of 120nM and the stimulatory effect 
of insulin was enhanced when GTP (2mM) was also included 
in the internal solution. This action of insulin was not seen in 
dialysed fibres exposed to cytochalasin B. These observations 
suggest that although intracellular ATP is essential for insulin 
action, alterations in internal ionized Ca are probably not 
necessary. 

Figure 2 also shows that ATP per se has an effect on sugar 
fluxes. In the nominal absence of ATP the uptake of sugar 
increased. This is consistent with the well known effects of 
metabolism and anoxia on sugar fluxes in muscle cells°®. The 
concentration of ATP which produced half-maximal inhibition 
of 3-O-methylglucose uptake was 0.4mM. 

Using the dialysed muscle fibre it is possible to examine 
whether any of the alterations in cyclic nucleotide levels or 
ionized Ca brought about by application of insulin are capable 
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Fig. 4 Effect of cyclic nucleotides on sugar uptake in dialysed muscle. Interna! sation as in Fig. 2 


Internal ionized Ca=0.91 uM. The 


internal ATP concentrations are shown above the points. Internal application of cyclic AMP (107 SM) and cyclic GMP (10°*M) are 
indicated by the open and closed bars, respectively. Cytochalasin B (CCB) was applied externally at the end of the experiment. Fibre 





diameter, 1,098 ym; temperature 10°C. 
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themselves of mimicking the action of insulin on sugar fluxes. 
Raising internal Ca from 0.12 to 0.9} uM produced a small 
increase in the rate of sugar uptake averaging 1.27-fold. It 
follows that a fall in ionized Ca as seen after app ication of 
insulin should, if anything, reduce sugar uptake. 

Internal application of cyclic AMP reduced the rate of sugar 
> uptake in dialysed muscle. When cyclic AMP (100M) was 
added to an internal solution containing 2mM ATP and a free 
Ca of 0. 12M, 3-O-methylglucose uptake was reduced to 29.1 

+4.5° of control values (n= 5). This inhibition of uptake was 
half maximal at 107° M cyclic AMP, and was nee of 
the internal free Ca concentration. 

When the internal free Ca was low (0.12M), internal 
application of cyclic GMP had no effect on the rate of sugar 
uptake. On raising the internal ionized Ca from 0.12 to 
0.9iuM, however, cyclic GMP, (100M) rapidly and 
reversibly stimulated the rate of 3-O-methylglucose uptake 
2.13-fold (n=4). Raising internal free Ca seemed to increase 
the affinity of the system for cyclic GMP. Thus, increasing 
internal free Ca from 0.5 to 6.91 uM reduced the concentration 
at which cyclic GMP stimulated the rate of sugar uptake from 
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6.9 x 10- © to 4.2 10°'M (see Fig. 3. Figure 4 ee that 
ATP, must be present for both cyclic AMP and cyclic GMP 
to influence the rate of sugar transport. 

These results show that sugar uptake can be affected by 
changes in ionized Ca, cyclic AMP and evehc GMP: however, 
can the measured changes in these parameters in intact 
muscles account quantitatively for the observed stimulation of 
sugar fluxes in dialysed muscles? Although the changes are 
somewhat smaller than those needed to alter sugar fluxes in 
dialysed fibres. it is unlikely that cycle nucleotide levels are 
uniform across the fibre. Bearing in mind the peripheral 
location of adenylate cyclase in the plasma membrane, it is 
very possible that cyclic AMP is at appreciably higher 
concentrations in the myoplasm close to the sarcolemma. H 
this is the case, a fall in cyclic AMP could certainly play a 
part in mediating the increase in sugar transport brought 
about by insulin. The experiments on dialysed fibres suggest 
that alterations in cyclic GMP could be important when the 
background level of ionized Ca is raised, for instance during 
exercise; however, it is possible that dialysis removes some 
small molecular weight factor that is synergistic with cyclic 
GMP. 
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Evidence for two insulin receptor 
populations on human erythrocytes 


Victoria Herzberg, J. Mark Boughter, 
Sandra Carlisle & Donald E. Hill 


Department of Pediatrics, University of Arkansas for Medical 
Sciences, Little Rock, Arkansas 72201 


Human erythrocytes specifically bind -insulin in a manner 
similar to cells in which insulin exerts a physiological response’. 
In addition, erythrocytes are of practical value for correlating 
in vitro insulin binding with in vive carbohydrate intolerance?” 
The competitive binding of labelled and unlabelled insulin to 
erythrocyte receptors is typically curvilinear when plotted 
according to Scatchard“. The curvilinear nature of the Scatchard 
plot describing insulin binding to membrane receptors, although 
originally attributed to heterogeneous sites’, has been more 
recently interpreted as negative cooperativity between 
homogeneous sites’. Evidence reported here, however, suggests 
that there are two populations of insulin receptors on 
erythrocytes. Specific concentrations of concanavalin A (Con A), 
a lectin which mimics insulin activity’, are shown here to inhibit 
one population of receptors leaving another population 
unaffected. 

As Fig. 1 shows, Con A competes with labelled insulin for 
the erythrocyte receptors. After increasing the concentration of 
Con A to Sugml~', a 50° reduction in '?*I-insulin binding 
was observed. Concentrations of Con A greater than 
20 ppg ml~! presented problems with cell agglutination. 

In Fig. 2a, the individual curvilinear Scatchard plots 
obtained by the competitive binding of labelled and unlabelled 
insulin to erythrocyte receptors are illustrated with the ‘best fit 
line derived by ‘Ligand’ (ref. 8), a computer program designed 
to consider simultaneous analysis of n ligands binding to m 
classes of binding sites. In this instance, a single ligand 
(insulin) was investigated. The broken lines represent two 
heterogeneous, non-interacting binding sites mathematically 
derived from the ‘best fit? line, illustrating each binding species 
as though the other were not present. The slope of each line 
represents the affinity (K,. K) while the abscissa intercepts 
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Fig. 1 Effect of Con A on the specific binding of '**L-insulin to 
human erythrocytes. Data from five normal adult volunteers are 
expressed as mean+2s.d. Blood was collected in EDTA, and 
erythrocytes were purified on Isolymph (Gallard-Schlesinger} 
gradients??, yielding a relatively homogeneous population of 
mature erythrocytes (0.01 °, granulocytes; 1%, reticulocytes}. 
Crystalline porcine insulin (Lilly) was labelled with '**l to a 
specific activity of 125-150pCi per pe (refs 16, 17). LS™ 10° 
erythrocytes were added to a series of tubes in which ***l-insulin 
(0.2ngml°'} and increasing amounts of Con A (Sigma. grade TV} 
were mixed with Tris-HEPES buffer (pH 3.0, 284 mosmol per kgj 
to give a final volume of 0.5ml, The erythrocyte receptor assay 
was as described before’, with the following modifications: (1) 
'23T-insulin was repurified on a G-50 immediately before 
use: (2) cells were incubated for 4h (15°C) to attain equilibrium 
binding, and (3) non-specific binding was determined in the 
presence of unlabelled insulin (Opeml”') and was subtracted 
from all data points before analysis, 


(R.R) approximate the maximum binding capacity of the 
two receptor populations. One receptor population (1) has a 
high eons and low capacity for insulin, whereas the other 
(I) has a low affinity and high capacity for insulin. These Imes 
may also be derived graphically as described by Rosenthal’. 
The experimentally determined insulin binding data 
obtained in the presence of Con A (Fig. 24) approximate the 
mathematically derived site H. Variations in the concentration 
of Con A which proved optimal for linearization of the 
Scatchard plot were noted when erythrocytes from different 
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individuals were tested: however, in all cases, a linear 
component whose correlation coefficient varied from —0.90 to 
~ 0.98 was observed. Insulin binding in the presence of Con A 
therefore demonstrates complete inhibition of binding site I 
and clearly delineates site I]. The suppression of insulin 
binding at site | by Con A may result from steric hindrance by 
the larger Con A molecule binding to a contiguous site, direct 
competition for the same site, or indirect competition for a 
necessary binding component. The disclosure of site H 
indicates that this site may be physically removed and (or) 
biochemically distinct from site I. 

Table | compares the values for the affinity and maximum 
binding capacity obtained by Ligand analysis of the individual 
Scatchard plots. Both the experimental (+Con A) and the 
theoretical (—Con A) binding values for site II mathematically 
approximate the same line. The affinity reported here cannot 
be directly compared with published values of average affinity 
constants which are based on receptor occupancy and the 
negative cooperativity model®. The maximum binding 
capacity, used to determine the number of sites per cell, varies 
considerably in the literature depending on the highest 
concentrations of ligand chosen by the investigator for 
extrapolation of the Scatchard plot to provide an abscissa 
intercept; for example, reported values for erythrocytes vary 
from 34 (ref. 10) to 2,000 (ref. 1) sites per cell. There are 
approximately 11 sites per cell calculated from the R2 value in 
Table 1, and RI represents an average of approximately one 
site per cell; yielding a total of 12 insulin binding sites per 
erythrocyte when analysed by a two-site model. In view of 
these data, the difficulty in documenting a physiological 
response to insulin in erythrocytes is understandable. 

Experimental parameters investigated in these experiments 
describe receptor characteristics well within the normal 
physiological range of circulating insulin concentrations (0.2- 
20ngml~'=5-475pUml~'). As insulin concentrations are 
increased beyond this range, experimental data demonstrate 
that trace amounts of labelled insulin continue to be bound, 
accounting for the asymptotic nature of the Scatchard plot. 
This nonsaturable component can be treated mathematically 
by the Ligand program. 

Erythrocytes demonstrate both enhanced dissociation! and, 
as shown here, heterogeneous populations of receptors. 
Enhanced dissociation of '**I-insulin from receptors in the 
presence of excess unlabelled insulin has been explained by 
negative cooperativity between homogeneous receptors®. 
However, the phenomenon of enhanced dissociation cannot be 
explained by the presence of non-interacting, heterogeneous 
sites''. It is thus possible that there are site-site interactions 
among receptors of a Single type, as suggested for 
adipocyte insulin receptors'*, or that one receptor population 
consists of an aggregated form of oe other receptor 
population. | 

There are several interdsting | parallels ‘between: membrane 
receptors for Con A and insulin. Con A erythrocyte receptors 
are associated with physical particles on the membrane which 
influence glucose flux'?, and a specific minor membrane 
glycoprotein known to influence anion permeability'*. Both of 





Table 1 Comparison of binding parameters between Scatchard plots 
in the presence and absence of Con A 
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Site I Site IH 
K, R, K, R: 
xio M-) xi M x10°M~! xIi0 HM 
NoConA* 2.25+ 1.07 5.39 + 1.6 3.83 +081 7.11+0.72 
+Con At Undetectable 3.95 +0.56 7.03+0.90 





The values for affinity (K) and maximum binding (R) were 
determined from data illustrated in Fig. 2 and averaged to determine 
the mean +s.e. (n= 5). 

*From experimental data points shown in Fig. 2a. 

+Fram experimental data points shown in Fig, 25. 
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Fig. 2 Scatchard plots of insulin binding to erythrocytes from 
five individuals (as in Fig. 1) in the absence (a) and presence (b) 
of Con A. The ratio of bound to free insulin is plotted as a 
function of the molar quantity of bound insulin. Insulin 
concentrations varied from 0.2 to 100ngml"! in the absence of 
Con A and from 0.2 to 20ngml~' in the presence of Con A. a, 
Computer resolution of the curvilinear Scatchard plot, shown as 
the best fit line + 2s.d. yields high affinity (...... ) and low affinity 
(---~-) components. b, Data points obtained in the presence of 
Con A (5-1Qpgml~') are shown in comparison to receptor site 
I] (---- -) +2s.d. (----) as determined by computer analysis of 
data in the absence of Con A. 


these transmembrane functions are stimulated by insulin in 
hormone-sensitive cell types. Insulin has also been shown to 
interfere with Con A binding sites on myoblasts, thus 
inhibiting the Con A-stimulated formation of myotubules'>. 
Although these observations seem to favour a common or 
physically adjacent site for Con A and insulin membrane 
receptors, it is also possible that these molecules compete for 
the component(s) necessary for aggregation of receptor sites, a 
phenomenon observed for both Con A't and insulin!’ 
receptors. The data reported here augment these important 
similarities between Con A and insulin receptors and also 
provide evidence for heterogeneous populations of insulin 
receptors on human erythrocytes. 

We thank Dr Dan Sheehan for verifying the original 
Rosenthal analyses, Drs David Rodbard and Peter Munson 
for helping us implement the ‘Ligand’ program; Drs David 
Straub and Jim Norris for reviewing the manuscript, and Dr 
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by institutional grants from the University of Arkansas for 
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An effect of chloride on (Na +K) 
co-transport in human red blood cells 
A. R. Chipperfield 


Department of Physiology, University of Dundee, 
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transport as well as Na:Na exchange throogh the ouabain. 
sensitive Na, K exchange pamp'. When the, exchange was 
examined during a study of the action of internal K, it emerged 
tkat tbe removal of K, (the main requirement for Na:Na 
exchange”) reduced the ouabain-insensitire Na efflux. Thus, in 
eight experiments dome variously with outdated cells or high dnd 
low [K], PCMBS-treated cells, the K,dependent Na efflux 
ranged from 0.18 to 0.70 pEquivy per mi cells per h. This 
confilets with the well established view that the K dependent 
and ousbain-semsitive components of Na efflux are identical ™“. 
However, the K,-dependent, ouabain-insensitive Na efflux was 
found to go throegh the (Na+K) co-tramsport system, which 
was further found to show a dependence on chloride ions. 

In a further eight-experiments, specifically designed to test 
the effect of Ko on the ouabain-insensitive Na efflux, the same 
pattern emerged. The K,-dependent, ouabain-insensitive efflux 
varied from 0.16 to 0.96 Equiv per ml cells per h (or from 8 
to 41% of the total) But why did this happen in this study 
and not before? The reason seems to. be because Ca, Mg and 
phosphate are absent m the external medium (this unusual 
feature derives from an ‘earlier study of the kinetics of the 
pump* where any possible interference was to be avoided: this 
does not affect the sensitivity to ouabain). Thus, when any of 
the ions Ca, Mg or phosphate were present the effect of K, 
was reduced and with all three present it was abolished. 
Moreover, it was not seen when Na, was replaced by Li or by 





Table 1 Tracer Na efflux from himan RBC in the presencd of 


Na efflux (Equiv per ml cells per h) is 
External medium With 150 mM [Cl], With 30mM [CI], 


Complete 2.19+031 - 1.73+0.12 
K-free oe 1.74+0.14 1.78+0.14 
T i 
furosemide (1 mM) 1.48 +0.12 1.59 +0.14 
K. freo + : : ; 
furosemide (1 mM) 1.65+0.17 165+0.14 





Tracer 7“Na efflux from outdated human RBC was measured as 
described elsewhere'~* in a medium containing 142mM NaCl 8mM 
KCl, 8mM TnsCl, pH7.5, 10mM inosine!® and 01mM ouabain. 
When K was omitted, KCl was replaced by NaCl external [Cl] was 
reduced by replacing NaCl, KCl and Tris-Cl by the corresponding 
nitrates, The results of this and the other four similar - experiments 
show that the K,-dependent, ousbain-insensitive flux m 150mM 
external chloride is statistically significant (Student’s t test, P<0.003): 
in contrast, this component of Na influx ss not significant in media 
containing 30mM [Cl], furosemide or both. Results are the means 
of three determinations (+ s-e.m.) 
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Fig. 1 External [K] dependence of ouabain-insenative K influx 
mto human RBC. K influx was measured as described in Table 2 
(experument 2): each point ıs the mean of two determinations 
(errora, which are not shown were comparable to those in Table 
2). @, Control: 150mM [Cl]; V, 30mM [Cl]; W, 150mM 
' [Ci] with 1mM furosemide (the results for 30mM [CI], with 
1 mM furosemide (not shown) were the same as for 150mM with 
furosemide). 


Mg. Thus, there may be several reasons why a K,-dependent, 
ouabain-insensitive Na efflux has not been seen before. 

If there is a ouabain-insensitive, Ky-dependent component of 
Na efflux, it is most likely to be related to the furosemide- 
sensitive (Na+K) co-transport system identified in RBC by 
Wiley and Cooper®. If so, is it related to the furosemide- 
sensitive, external Cldependent K:K exchange in ascites 
cells’:*? The results of one of five experiments designed to test 
these possibilities are shown in Table 1. Three features were 
noted: (1) furosemide inhibited the ouabain-insensitive, Kọ- 
dependent efflux, (2) on replacing most of the Cl, with nitrate, 
Na efflux was reduced and (3) the ouabain-insensitive, Ko- 
dependent efflux was smaller in nitrate-containing media. 

These results, taken together with the studies mentioned 
before®~°, are consistent with the idea'that a large part of the 
Na efflux goes by a (Na +K+C) cotransport system. If this 
is so, then the furosemide-sensitive K. influx should be reduced 
on lowering [CI]. The results of the first experiment in Table 
2 (leaving aside, for the moment, the tests with phloretin) bear 
out this prediction. 

The results of the second experiment in Table 2 show that 
similar results were obtained when K influx was assessed using 
*°Rb as tracer (this was also true for Rb influx). Accordingly, 
this technique was used in further comparisons with earlier 
work. Thus, the saturable, furosemide-sensitive passive K 
influx? >6 was reduced on lowering [Cl], (Fig. 1). There was a 
roughly linear dependence on [CT]p (ref. 8) of K influx (Fig. 2). 
With anions other than nitrate, there was a substantial 
furosemide-sensitive K influx with bromide but not with 
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Fig. 2 External [Cl] dependence of ovabain-insenntrve K influx 
into human RBC K influx was measured as described in Table 2 
(experiment 2): each point is the mean of three determinations 
(errors (not shown) were comparable to those in Table 2}. ©, 
Control; W, mth 1 mM furosemide. 
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Table 2 K influx into human RBC in the presence of ouabain 
Experiment | Experiment 2 
K influx (tracer 47K) K influx (tracer °©Rb) 
(Equiv per mi cells perh) (aEquiv per ml cells per h} 


With With 

External medium Control furosemide Control furosemide 
Complete 0.83+0.04 0.264600 0994000 0.254+6.00 
30mM [CH 0.364¢0.01 0.25+0.02 0.364005 029+0.01 
Complete + 

phlioretin 0.46+0,04 0.24+0.03 0644001 0.24+0.00 
30mM [CH + 

phleretin = — 0000 ee e 0.28 +0.01 0.244002 





K influx into outdated human RBC was measured as described else- 
where'~* in the same conditions (and with the same changes) as those 
given in Table 1; the concentration of phloretin used was 0.1 mM. 
The results shown are the mean of three determinations (+s.d.). 


sulphate or acetate: bicarbonate raised both the furosemide- 
sensitive and furosemide-insensitive components of K influx. 
These new observations on cation and anion affinities fit the 
previous findings? >68, It was also shown that passive K 
influx was half-maximally inhibited by 5 x 1076 M furosemide. 

Three other sets of results should be mentioned. First, 
experiments on fresh cells: here, the effects of furosemide and 
[Cl], reduction on Na efflux were the same but K, had no 
effect (giving another reason why this flux has not been seen 
before). Second, experiments with phloretin: this drug reduced, 
but did not abolish, the Ka- and Cl,-dependent Na efflux and 
+ * t ‘ 0 “ o » 
likewise for K influx (Table 2). Moreover, furosemide and 
phloretin together inhibited no more than furosemide alone. 
Evidently, the co-transport system is the same as the 
phloretin- and furosemide-sensitive (Na-Li) counter-transport 
system identified in RBC by Tosteson and co-workers’. Third, 
there is the extensive work by Wieth on anion and cation 
effects on passive fluxes in RBC'°:!!: some of his results, for 
example, an increase in Na influx in 120mM nitrate, seem to 
conflict with mine. The most likely explanation for these 
discrepancies is that his media contained Ca, Mg and phos- 
phate, all of which may alter the results (see above) as well as 
bicarbonate, which alters passive permeability toot’. 

(Na+K) co-transport® is clearly affected by chloride but 
direct evidence for Cl” transport by the same system in RBC 
is Jacking. On the other hand, furosemide-sensitive co- 
transport (or counter-transport) for each pair of ions has been 
found in several tissues and often these are invoked to explain 
ion distributions that do not seem to be in 
equilibrium®”?: 1774, Is it reasonable to speculate that some of 
these share the same pathway? Certainly, this view would ve 
consistent with the idea that ‘dissipative’ fluxes may be coup- 
led to uphill movements of another species! *. 

I thank Mrs C. J. Hall for technical assistance, the Scottish 
Hospitals Endowments Research Trust for financial support 
and Hoechst UK Ltd for the gift of furosemide. 

Note added in proof: A recent, independent study by Dunham 

et al.'’ also bears on the chloride dependence of furosemide- 

sensitive fluxes. 
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High-affinity binding sites for juvenile 
hormone I in the larval 
integument of Drosophila hydei 
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Martin G. Peter 
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Insect juvenile hormones (JH) maintain larval characteristics of 
insects during growth and development. At high JH titres the 
larval hypodermis is programmed to secrete larval cuticle in the 
following moult’. Generally, the molecular events preceding 
the response of a target cell to a hormonal stimulus involve 
binding of the hormone to specific receptor molecules. There are 
little data available on the primary mechanism of action of JH 
at the molecular level. We have demonstrated the specific 
uptake and retention of JH-I in the cytosol of larval Drosophila 
hydei integument in vitro (G.K. and H.E., in preparation). We 
now report the discovery of high-affinity, high-specificity JH- 
binding principles that exhibit characteristic properties of 
hormone receptors, in the cytosol of early third instar D. hydei 
larval integument. 

Because it has been established that receptors for steroid 
hormones in vertebrates? and invertebrates, especially the 
fruitfly Drosophila*:* and the crayfish Orconectes°, exist in the 
cytosol of target cells in only very low concentrations, we 
started our search for receptors of the non-steroid JH using 
competition experiments with standard techniques. A large 
excess of nonradioactive racemic QE.6E)-10,11-cis-JH-E was 
competed with either racemic or optically pure preparations of 
JH-I (ref. 6) labelled with tritium at high specific activity. The 
results are shown in Fig. i: the presence of competible 
(specific) JH-I binding sites becomes apparent from the 
competition curves for both racemic and optically active 
preparations of radiolabelled JH-I. However, remarkably 
different results were obtained; first, the enantiomerically pure, 
naturally occurring (OR,LIS)-JH-E is bound to cytosol 





Table 1 Competitive displacement of [merthoxy-"H]UOR11S)-JH-I 
from partially purified ~~ high-affinity JH-binding sites by 
enantiomerically pure (10R,11S)-JH-I and racemic JH-I, respectively 


°. Displacement of [methoxy H IOR, 11 S)- 


Competitor JH-I by 
(ng per test tube} (I0OR.115)-JH-I Racemic JH-I 
0.4 24.7 1.7 
1.3 48.8 10.0 
9 54.8 20.9 





High-affinity JH-binding sites were prepared by gel filtration of 
cytosol through Sepharose 6-B, equilibrated with TMG-buffer, pH 7.2, 
at OC. The specific JH-binding sites were contaminated with 
nonspecific JH-binding sites. 8,600 ¢.p.m. [methoxy-"H]UOR,LLS)-JH-1 
(0.32 ng per test tube = 1.1nM) were incubated for 1h at 4°C with the 
indicated concentrations of (10R,118)-JH-L or racemic JH-I. Bound 
radioactivity was measured in 100-u) aliquots by the charcoal 
adsorption technique. The enantiomerically pure (JOR11S)-JH-T was 
extracted fram 3-4 day old Hyalophora cecropia accessory glands. The 
purification method of extracts includes low temperature precipitation 
of lipids, TLC on silica gel, chromatography on Sephadex LH-20, and 
HPLC on LiChroserb Si 60 and Si 100. Purity was controlled by 
analytical HPLC on LiChrosorb $! 100. 
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cytosol and correcting for low-affinity binding sites, a 
concentration of 7.7 pmol per mg cytosel protein is calculated 
for the free high-affinity JH-binding sites. With tritiated 
racemic JH-I (Fig. 2, inset), four JH-binding components are 
detectable. One of them shows a similar Ky, value 
(4x 10°°M) to the high-affinity bindimg sites, detected with 
the enantiomerically pure JH-I. The additional binding 
ae show apparent Kp values of ae 10°? M, 

1077M, and 10°5M, with one of them (K,,=2 x 107 1M) 
m well to the haemolymph carrier protein 
(Kp. 1% 10°7M)*. As it is essential to clarify whether this 
component results from contamination of the tissue 
preparation with haemolymph or whether it truly represents 
an intracellular constituent, we injected third instar larvae with 
'4C.inulin solution. Following preparation of integuments 
30min after injection, the amount of label present was 0.65%, 
of the total administered. Taking the concentration of the free 
JH-carrier protein into account®, it is thus established that less 
than 4° of the 2x 10°’7M JH-binding component found in 
the cytosol preparation results from contamination with 
haemolymph. It is therefore of interest first to isolate and 
characterize this JH-binding comporent for comparative 
studies with the haemolymph JH-carrier protein, and second, to 
investigate the possible role of the JH-carrier protein in the 
process of JH uptake into target tssues. An interesting 
analogy might be represented in this context by the 
mechanism of uptake of the diterpenoids retinol and retinoic 








pmo! bound per 100 ug protein 





0.4 0.8 1,2 1.6 
Total JH (pmol) 


Fig. I Binding of a enantiomerically pure  [methoxy- 
7H] (10R,115)-JH- -I (specific activity ~ 58 Ci mmol‘ (ref. 6)) and b, 
racemic [10-7H]-JH-I (specific activity 11.5Ci mmol” t, NEN) to 
cytosol components. Larval integuments from early third instar 
larvae (120h) were prepared and homogenized as described 
elsewhere'*. Cytosol (120,000g supernatant) was prepared in 


TMG-buffer, pH 7.2, consisting of 10mM_ Tris(hydroxy-methyl)- 
aminomethane, 15mM _ f-mercaptoethanol, 20°, glycerol, 1 mM 
EDTA, 50mM KCI (all from Merck, Darmstadt), and 0.43 mM 
Trasylol (Bayer). JH metabolism was inhibited with 1mM_ p- 
hydroxymercuribenzoate (Serva)'*. Samples (100p1) (containing 
80-120pg protein as determined in aliquots by the Lowry 
method!>) of the cytosol were equilibrated for 30 min at 4°C 
with increasing concentrations of [methoxy-*H](1OR.11S})-JH-1 
(0.02-1.6 pmol per 1001 sample) or racemic [10-"H]JH-I (0.04- 
1.Spmol per 100p] sample) in the absence (@) and presence 
(te) of a 100-fold exeess of unlabelled racemic JH-I (Eco- 
Control), respectively. Bound and free radioactivity was separated 
by the charcoal adsorption technique with 0.42%, dextran-coated 
charcoal (Serva)®. 100ul of the supernatant (bound radioactivity) 
were measured by liquid scintillation counting using Aqualuma 
(Baker) as scintillation cocktail. The means of two duplicates, 
normalized on the basis of 100pg cytosol protein are plotted. 
Specific binding (O) was considered as difference of total binding 
(@) and nonspecific binding (+e). 


constituents with a higher affinity than the racemic JH-I, even 


acid in vertebrate target tissues”. 

An additional method was applied te obtain K,, values by 
measuring association and dissociation kinetics at 4°C, using 
racemic [10--H]JH-I. The association of JH-I with cytosol 
constituents, shown in Fig. 3, follows second-order kinetics. 
Equilibrium between association and dissociation ts reached 
after 30min. Transformation of binding data into linear form 
(Fig. 3, inset) yields the association rate constant (4 ,,} for 
total JH-binding sites. From the slope of the straight line, a 
k., of 2x10°M~!xmin™' is calculated. After reaching 
equilibrium the cytosol was chased with a 500-fold excess of 
non-labelled racemic JH-I. At appropriate times, bound 
radioactivity was measured in cytosol aliquots. From those 
data (not shown) a half-life time of approximatively &h at 4°C 
for the hormone-macromolecule complex and a dissociation 
rate constant (k_,) of 6.5x10°*min™~ was calculated. The 
kinetic data are not impaired by a measurable loss of binding 
activity during the incubation period, due to the pronounced 
stability of the competible JH-binding sites at low 
temperatures; even after maintaining the cytosol for 2 days in 


if the possibility is considered that 50°% of the latter, 
represented by the (10S,11R) enantiomer, which does not 
occur naturally, is not bound at all. Second, in the 
concentration range tested, only the tritiated (lOR,11S) 
enantiomer seems to be able to saturate the specific JH 
binding sites of the cytosol completely. It may be important to 
consider that with 1.6pmol JH-I per test tube the limit of 
solubility is nearly reached in our buffer system on addition of 
the excess unlabelled JH-I. Third, the ratio of specific to 
nonspecific JH binding sites seems to depend on the optical 
purity of the hormone tested. Using tritiated (10R,11S)-JH-I it 
is 2.5, whereas it is only 1.5 using tritiated racemic JH-I. 
Equilibrium dissociation constants (Kp) of JH binding sites 
were first determined in equilibrium conditions. Figure 2 
shows the Scatchard’ plots of binding data obtained with 
[methoxy-H](10R,115)-JH-I and with racemic [10-7H]JH-L 
Increasing concentrations of the enantiomerically pure tritiated 
(10R,11S)-JH-I reveal the presence of two binding components 
with different affinities for the JH-I molecule. The apparent 
equilibrium dissociation constant (K pa for the high-affinity JH- 
binding sites is 3.6 x 107° M. Similar equilibrium dissociation 
constants have been described for the macromolecular binding 
- sites for ecdysteroids in D. melanogaster imaginal disks? and 
K, cell lines*+. The second JH-binding component exhibits a 
much lower affinity for JH-I (K,.~1077-10~°M). 
Normalizing the data on the basis of protein content in the 
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Fig. 2 Scatchard’ analysis of *H-JH~-! binding to cytosol 
components. Samples {100l} of larval integument cytosol, 
prepared as in Fig. 1, were equilibrated for 30min at 4°C with 
increasing concentrations of [methoxy-H]UGRAIS}JH-L Q- 
300nM) or racemic [107H]JH-] {1-1.100nM) — Gnset). 
respectively. Bound radioactivity was measured as in Fig. 1. Each 
point represents the mean of duplicate experiments. Repeat 
experiments gave similar results. 
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ice, no change in binding behaviour was detectable. From the 
kinetic data an equilibrium dissociation constant (k_,/k., 
=K a) of 32x 107'°M results for the JH-binding sites, which 
is one order of magnitude lower than that obtained from the 
equilibrium binding data. Such differences are not uncommon 


in studies with protein—ligand complexes'®. In any case, the K, 


values obtamed from both kinetic and equilibrium data clearly 
prove the presence of high-affinity JH-binding sites in the 
cytosol of D. hyde: integument. 

We do not know the biological significance of JH-binding 
sites showing different affinities for the JH molecule. We 
believe that the high-affinity binding sites might serve as JH 
receptors in the cytosol,- comparable to those described for 
steroid hormones. Further support for this assumption is 
presented by experimental approaches towards this binding 
component. A molecule serving as JH receptor should meet 
the following requirements: 

(1) receptors must be macromolecules. Gel filtration of 
crude cytosol preparations on Sephadex G-25 and on 
Sepharose 6-B, equilibrated with TMG-buffer, pH 7.2, without 
glycerol, revealed the macromolecular nature of specific JH- 
binding sites. Heating the macromolecular cytosol fractions for 
10min at 60°C completely destroys the competible binding 
activity. (2) Receptors must show a high specificity for the 
natural hormone. The potential of some JH homologues and 
analogues to compete with [methoxy-°H](10R,115}JH-I and 
racemic [10-7H]JH-I for JH-binding sites was studied with 
crude cytosol. Among the compounds tested, racemic JH-I and 
JH- were the most effective competitors of [methoxy-*H]- 
(10R,11S)}JH-1 and racemic [10-*H]JH-I bound to cytosol 
components (Fig. 4). The capacity to compete with the binding 
of [methoxy-7H](10R,11S)}JH-I decreases in the following 
order: JH-I>JH-I>ethyl ester analogue of JH-II > methyl 
farnesoate > ZR515. The sequence of competition efficiency 
with [10-"H]JH-I is: JH-I%JH-OI >ethy! ester analogue of 
JH-I> ZR515>methyl farnesoate. Alterations in the 
structure of the JH- molecule (the absence of the epoxy 
group as in methyl farnesoate or the presence of a ethyl ester 
group instead of a methyl ester group) markedly reduce the 
a ra efficiency. It is of interest that the highly potent 
maa Nah regulator ZR515, which has been used in pest 
control’!, indeed competes only very poorly with the JH- 
binding sites. 

Enantioselectivity as another means of determining the 
specificity of JH-binding sites was tested in partially purified 
preparations of high-affinity JH-binding sites. Table 1 shows 
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Fig. 3 Association kinetics of racemic [10-7H]JH-I binding to 
cytosol components. Samples (100i) of larval mtegument 
cytosol, propared as in Fig. i, were incubated with 4nM racemic 
[10-7HWJH-I at 4°C for the incubation periods indicated and 
bound radioactivity was measured as stated above. The means of 
two dupleates, normalized on the bams of 100yg protein, are 
plotted. Inset, the inverse of unbound hormone concentration 
(1/U) is plotted as a function of time, The association rate 

constant (ks) for total JH-I binding 1s calculated from the slope 

of the straight line. 
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Fig. 4 Specificity of JH-binding sites in the cytosol of carly 
third mstar larvae integument Samples (100l) of the cytosol, 
prepared as in Fig. 1, were equibrated for 30min at 4°C with: 
a, 1.1nM [methoxy? HJGOR,115}JH-I (8,600 cpm specific 
activity ~70Q mmol’) or b, 65nM racemic [10° HPH-I 
(8,600 c.p.m, specific actmıty 11.5Ci mmol™!) and: mcreasing 
concentrations of competitors, Bound radioactivity was measured 
as stated above. Each point represents the mean of two to four 
duplicates. Tritiated JHs and unlabelled competitors were 
purified by HPLC on Porasil columns (Waters Associates) with m- 
hexane/8% ethyl acetate or 8% diethylether as solvent systom 
and/or by TLC on silica gel plates with benzene/ethyl acetate 
(7:1). ZR515 (Zoecon) was 96.8% pure. @, JH-I (methyl-2E,6E- 
cis-3,11-dimethy}7-cthy}10,11-cpoxy-2,6-tridecadienoats) >, JH- 
I= (methy!-2E,6E-3,7,1 1-trimethyl-10,1 1-cpoxry-2,6-dodecadieno- 
ate), A, (JH-ID-E,  othyl-2E,6£-3,7,11-trimethyl 10,1 1-epoxy- 
2,6-dodecadienoate (a gift of H. Rembolkd, MPI f. Biochemie, 
Martinstied)); ©, FME (methy+2E/Z,6E/Z-3,7,11+nmethyl-2, 
6,10-tndecadienoate), W, ZR4515, (sopropy!2£,4£-11-methoxy- 
3,7,11-trimethyl-2,4-dodecadienoate). 


that optically pure unlabelled (10R,11S)}JH-I competes with 
binding of [methoxy-°H](10R,11S)}JH-I better than the 
racemic unlabelled JH-I, thus demonstrating enantioselective 
JH binding to the high-affinity JH-binding sites. Similar results 
have been reported previously for JH-specific ets 
carrier proteins of Manduca sexta‘? and Locusta migratoria 
Surprisingly, especially at low competitor concentrations the 
unlabelled naturally occurring (10R,11S5) enantiomer competes 
with the tritiated (10R,115) enantiomer much better than the 
theoretically expected factor 2, when compared with the 
racemate. Considering only the data of Fig. J, it may be 
suggested that the specific activity of the two radioactive JH-I 
preparations would have to be determined more carefully. This 
point, however, is of minor importance in the competitive 
binding studies depicted in Table 1. Clearly, there is a 
difference in binding behaviour of the racemate and the 
optically active preparation, the magnitude of which cannot be 
explained with our rationale on stmple stereochemical 
arguments. A factor of 3 has been observed for the difference 
of binding of racemic and optically active JH-II preparations 
to the JH-carner protein from larval M. sexta haemolymph*?. 
Furthermore, in the Galleria bioassay, (10R)-JH-I is about 
three times more actrve than the racemate’?. Due to the lack 
of more conclusive data, we have to consider the possibility 
that presently unknown effects govern the binding of 
radiolabelled JHs to ther receptors. 

The experiments performed so far present unequivocal 
evidence that high-affinity, high-specificity receptor-type JH-I 
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binding sites are present in the cytosol of larval D. hydei 
integument. According to the general concept of hormone 
action, further work should analyse the interaction of these 
binding sites with other cellular components (nuclei) in order 
to investigate their physiological significance in more detail. 
Received 20 December 1979; accepted 16 April 1980. 
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Molecular heterogeneity 
of benzodiazepine receptors 
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Benzodiazepines exhibit reversible, stereospecific high affinity 
binding to mammalian brain membranes, and the respective 
binding sites for *H-flunitrazepam represent pharmacologically 
and clinically relevant receptors for benzodiazepines’’. Recently 
it has been demonstrated that reversibly bound “H-flunitrazepam 
becomes irreversibly attached to a specific membrane protein 
with apparent molecular weight of 50,000 when incubations were 
performed in the presence of UV light**. Irreversible binding of 
‘H-flunitrazepam to this protein had pharmacological properties 
similar to reversible benzodiazepine receptor binding, indicating 
that ‘“H-flunitrazepam is a  photoaffinity label for the 
benzodiazepine receptor". Using irreversible binding of `H- 
flunitrazepam and subsequent electrophoretic separation of the 
labelled proteins in SDS-gels followed by fluorography’, we 
found that in hippocampus and several other brain regions at 
least two different types of benzodiazepine receptors exist. Each 
seems to be associated with a y-aminobutyric acid (GABA) 
receptor. 

Membranes from several rat brain regions were incubated with 
10nM °H-flunitrazepam at 0°C for 90min, and the samples 
were then irradiated with UV light for 10min. Membranes 
were collected by centrifugation, dissolved in SDS and 
subjected to SDS-polyacrylamide gel electrophoresis and 
fluorography. 

3H-flunitrazepam irreversibly binds to a single protein band 
with an apparent molecular weight of 51,000 (P.,) in 
cerebellum (Fig. 1). Similarly, most of the *H-radioactivity 
bound to membranes from other brain regions is associated 
with a protein band with the same apparent molecular weight. 
The extremely weak labelling of this protein band in spinal 
cord agrees with the very low specific reversible binding (data 
not shown) of *H-flunitrazepam to membranes from this 
tissue. Thus, P,, seems to be identical to the labelled 
benzodiazepine receptor described previously’. However, in 
other brain regions in addition to P., several other protein 
bands with apparent molecular weights of 53,000 (P,,), 55,000 
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Fig. 1 
binding to membrane proteins from several rat brain regions. 
Tissues from several rat brain regions were homogenized with an 
Ultra Turrax for 30s in 50vol of 50mM Tris-citrate buffer, pH 
7.1, and centrifuged for 10min at 48,0008. Pellets were washed 
four times by resuspension and recentrifugation in the same 


Fluorography illustrating irreversible 


volume of buffer and stored at ~20°C for at least 18h. After 
thawing, aliquots of membranes derived from mg tissue wet 
weight were incubated with 10rM *H-flunitrazepam 
(84.3Cimmol”', NEN) in a solution containing 50mM_ Tris- 
citrate buffer, pH 7.1, and 150mM NaCl (ref. 9). Incubations 
were performed at 0°C for 90mun and the samples were then 
irradiated with UV light? for 10min. Membranes were 
centrifuged at 48,000g for 10min, resuspended in 100 hn] H,O and 
501 SDS stop solution (10%, SDS (w/v), Tris-HCI 100mM, pH 
7.4,  f-mercaptoethanol 5mM, sucrose Olemi~’ and 
bromophenol blue tracking dye 0.02mgml~') and placed in a 
boiling water bath for 5min. Electrophoresis on 10% SDS 
polyacrylamide slab gels and protein staining of the gels was 
performed as described previously'®. After treatment with PPO, 
gels were dried and subjected to fluorography at ~ 70°C on 
Kodak X-Omat R film® for 6 days. All radioactive bands 
disappeared after incubation of the samples with pronase but not 
after three extractions with chiorolorm—methanol (3:1), and thus 
represent proteins. The apparent molecular weights of the 
labelled protein bands, indicated by the arrows (59,000: P.s; 
55,000: P,;; 53,000; P., and 51,000: P,.}) were determined by 
calibrating the gel with standard proteins of known molecular 
weight. The pattern of bound radioactivity was unchanged in 
cerebellar or hippocampal membranes iselated and labelled in 
the presence of the protease inhibitor phenylmethyisulphony!- 
fluoride (PMSF, 100M). Furthermore, co-homogenization of 
cerebellum and hippocampus and irreversible binding of °H- 
flunitrazepam to the resulting mixed membranes revealed a 
pattern of labelled protein bands which was additive and did not 
show any enhanced degradation of the hippocampal bands. This 
indicates that the heterogeneity of *H-flunitrazepam binding 
proteins cannot be explained by regional differences in the 
degradation of a single protein with higher molecular weight. As 
the efficiency of labelling of the different protein bands is not 
necessarily identical, no attempt was made to estimate the 
quantitative contribution of the various bands to irreversible 
benzodiazepine receptor bmding. 


(P,;) and 59,000 (P.,) are labelled with variable intensity. The 
most prominent of these additional bands is P., which is most 
highly labelled in hippocampal membranes. 


To characterize the pharmacological properties of 
irreversible *H-flunitrazepam binding to P,, and Paz 
membranes from cerebellum and hippocampus were 
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Table 1 Influence of GABA and CL 218 872 on reversible and 
irreversible binding of *H-flunitrazepam to membranes or membrane 
proteins from rat cerebellum and hippocampus 
Specific *H-flunitrazepam binding 
(°% of control) 


Reversible Irreversible 
Membranes Proteins 
Cerebellum 
+t0uM GABA 200.7 + 8.3 201.0+ 0.2 251.74133 
+1 pM CL 218 872 10.8+1.5 16.9+ 0.7 I4.3+ 04 
Hippocampus 
+ 10pM GABA 211.1+2.9 198.8+11.4 J1L.7414131 
+1ipM CL 218 872 45.9+4.2 477+ 0.2 499+ 3.1 


Cerebellar or hippocampal membranes were incubated with 0.4nM 
*H-flunitrazepam either without additions (control) or in the presence 
of 104M GABA, luM CL 218 872 or 24M diazepam as described in 
legenc to Fig. 1. For the estimation of reversible binding, samples 
were then rapidly filtered as described previously”. For the estimation 
of irreversible binding to membranes samples were irradiated for 
lOmin with UV light after the 90min equilibration period. In these 
conditions, irreversible binding of *H-flunitrazepam to membranes was 
about 30°, of reversible binding. Exposure to UV light for a longer 
time period resulted in a higher percentage of irreversible binding but 
did not yield additional labelled protein bands. In this experiment the 
short trradiation time was selected because longer irradiation times 
change the kinetic properties of irreversible binding. After irradiation, 
2uM diazepam was added and samples were incubated at 30°C for 
60min to remove non-irreversibly bound *H-flunitrazepam from 
membranes. Samples were then filtered and bound radioactivity was 


estimated as described previously?. For the estimation of irreversible 


binding to proteins, samples were treated as described in the legend to 
Fig. 2. As separation of the hippocampal proteins was not sufficient to 
allow for separate quantitation of the proteins in the gel system used, 
the region in the gel containing P,, to P., was identified by 
fluorography, cut out and oxidized with a Packard Model 306 sample 
oxidizer to recover *H-radioactivity for liquid scintillation counting. 
Nonspecific binding (estimated in the presence of 2uM diazepam) was 
subtracted from total binding to yield specific binding. Results are 
expressed as per cent of control binding (mean +s.e.m.; n= 3). Control 
binding given in d.p.m. per mg wet weight was 1,643 and 3,170 
(reversible binding), 579 and 1,046 (irreversible binding to membranes), 
264 and 533 (irreversible binding to proteins) for cerebellum and 
hippocampus, respectively. 
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investigated. As can be seen in Fig. 2, irreversible binding of 
*H-flunitrazepam to P,, in cerebellum and to P,, and P,. in 
hippocampus is completely inhibited by diazepam, a centrally 
active benzodiazepine. In contrast, binding to these proteins is 
not inhibited by Ro 5-4864, which selectively inhibits binding 
to peripheral benzodiazepine binding sites’ (data not shown). 
Furthermore, irreversible binding of *H-flunitrazepam to P., 
in cerebellum and to P., and P,, in hippocampus is 
stimulated by 10HM GABA to a similar extent as is found 
with reversible binding to membranes from cerebellum or 
hippocampus (Fig. 2, Table 1). This stimulation by GABA is 
bicuculline sensitive (Fig. 2) indicating that GABA exerts its 
stimulatory effects on the labelling of the protein bands by 
way of a GABA receptor. These results indicate that 
irreversible binding of *H-flunitrazepam to P,, as well as that 
to P, is similar to reversible benzodiazepine receptor binding. 
Thus, in different brain regions different types of 
benzodiazepine receptors may occur which are modulated by 
GABA receptors. 

A heterogeneity of benzodiazepine receptors has been 
suggested previously when reversible benzodiazepine receptor 
binding was investigated in the presence of CL 218 872 (ref. 8). 
This substance, a triazolopyridazine, has anxiolytic but only 
weak sedative properties®. In contrast to benzodiazepines it 
inhibits reversible benzodiazepine binding with K, values and 
Hill coefficients which differ in various brain regions®. We 
therefore investigated a possible differential effect of CL 218 
872 on the irreversible binding of °H-flunitrazepam to the 
different binding proteins. Figure 2 shows that CL 218 872 
inhibits irreversible binding of ~H-flunitrazepam to P4, more 
strongly than binding to P.s. Such a selective effect can 
account for the different quantitative inhibition by CL 218 872 
of reversible® and irreversible binding of *H-flunitrazepam in 
cerebellum and hippocampus (Table 1). These results seem to 
indicate that P., is or is part of a pharmacologically different 
type of benzodiazepine receptor which is unrelated to that 
which contains the P,, protein. Both of these receptors seem 
to be associated with a GABA receptor. It should be 
emphasised, however, that additional types of benzodiazepine 
receptors could exist since the role of P., and Ps, in 
benzodiazepine receptor binding has not yet been investigated. 
In addition, each labelled band could consist of more than one 
labelled protein which differ in structure and properties but 
not in apparent molecular weight. 


Fig, 2 Fluorography illustrating 
the influence of several drugs on 
irreversible *H-flunitrazepam 
binding to membrane proteins 
from cerebellum and 


hippocampus. Cerebellar or 
hippocampal membranes were 
incubated with O0.4nM `H- 
flunitrazepam either without 
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Thus, this investigation indicates for. the first time not only a 
pharmacological but also a molecular heterogeneity of 
benzodiazepine receptors. Using the present approach of 
irreversible labelling of benzodiazepine receptors followed by 
electrophoresis and fluorography, it seems possible to separate 
_ and isolate the different receptors. Furthermore, this technique 
> can be used to develop new drugs which, in contrast to 
benzodiazepines, have selective effects on different types of 
benzodiazepine receptors. 

We thank M. Forster for technical assistance. This work 
was supported by Fonds zur Förderung der wissenschaftlichen 
Forschung in Osterreich. 
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Axoplasmic transport 
of muscarinic receptors 
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The reality of axoplasmic transport is widely accepted; various 
neurotransmitters'™, enzymes*~, labelled proteins* and peptides 
are known to move rapidly along the axons of different nerve 
fibres. In the terminals of sympathetic nerves, noradrenaline 
release is controlled by various regulatory mechanisms which 
imply the occurrence of presynaptic receptors’. In this regard, 
there is considerable indirect physiological evidence for the 
existence of muscarinic cholinergic receptors in the sympathetic 
nerve endings’; the stimulation by acetylcholine of such 
presynaptic receptors elicits an inhibitory effect on noradrenaline 
release’, We now provide direct biochemical evidence for the 
occurrence in dog splenic nerve of muscarinic receptors which 
seem to move along the axon as suggested by their rapid 
accumulation on either side of a ligature. 

Ligature experiments were carried out in mongrel dogs 
anaesthetized with pentobarbital (30 mg per kg, intravenously). 
Splenic nerve fibres were dissected from the splenic artery near 
the bifurcation, and a silk thread ligature was tied round the 
splenic nerve’®. At 18 and 48h, and 11 days after the 
operation, l-cm segments of the nerve were removed, two 
above (proximal to) and below (distal to) the ligature. Coeliac 
ganglia were also removed and control splenic nerves were 
taken from unoperated dogs. After clearing connective tissue 
from the nerve fibres, the segments were weighed and then 
homogenized in 50 volumes of ice-cold distilled water by 
means of an ultraturrax. The samples were further diluted to 
1:200 with 0.05M phosphate buffer, pH 7.4. Binding assays 
were carried out using 2ml of tissue preparation with 2nM 
3H-dexetimide (specific activity 17.5Ci mmol” ', IRE Fleurus, 
Belgium) or 2nM “H-levetimide (specific activity 19Ci 
mmol~!, Janssen) as described previously*®. After incubation 
for 20 min at 37°C, 3ml of cold buffer was added and the 
samples were then rapidly filtered on Whatman GF/B glass 
filters. Stereospecific binding was taken as the difference 
between binding measured in the presence of 2x 10°7M 
levetimide (inactive enantiomer) and 2x 10°°M _ dexetimide 
(blank value). 
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To characterize the *H-dexetimide binding sites in dog 
splenic nerves, various concentrations of dexetimide and 
levetimide were tested in vitro using a total homogenate. 
Figure | shows that dexetimide displaced the labelled ligand in 
the nanomolar range whereas levetimide was only effective in a 
micromolar concentration. This indicates the stereospecific 
nature of the binding which represents 50°, of the total 
binding. Table 1 gives the IC., values for different 
compounds; atropine, an antimuscarinic drug which belongs 
to a different chemical class from dexetimide, also competed 
with 7H-dexetimide in the nanomolar range. Moreover, there 
was a good correlation between the IC; values of muscarinic 
antagonists, oxotremorine and levetimide, in dog splenic 
nerves and rat brain. As nicotine is not active, but 
antimuscarinic drugs and oxotremorine are, *H-dexetimide 
binds in dog splenic nerves to receptors which have the 
characteristics of the muscarinic receptor. Further contro! 
experiments were carried out using 3H-levetimide as ligand: 
here, there was no stereospecific displacement and the value of 
the total binding corresponded to the blank values in the °H- 
dexetimide binding. From these data, we conclude that the 
3H-dexetimide binding sites in dog splenic nerves are of 
muscarinic nature. 

Stereospecific *H-dexetimide binding was measured in the 
proximal and distal part of dog splenic nerve at different times 
after ligature. Figure la shows that {8h alter constriction, the 
segments close to the ligature, P, and D,, revealed more than 
a twofold increase in binding sites as compared with control 
nerves. In contrast, segments located [em more proximally 
(P,) or more distally (D,) to the ligature and samples of the 
coeliac ganglion did not differ significantly from the control 
nerves. This accumulation in P, and D,. so near the ligature, 
was still more pronounced 48h after the operation (Fig. 26}. 
At that time the increase in binding sites was more than five 
times higher than control values in the proximal as well as in 
the distal part of the splenic nerves. This suggests a 
bidirectional transport of muscarinic receptors along the axon. 

In contrast, the accumulation of noradrenaline was only 
detectable in the proximal segment, indicating a unidirectional 
transport for the biogenic amine, and confirming our earlier 
finding’®. Interestingly, the increase of noradrenaline in the P, 
segment was of the same order of magnitude as the increase in 
muscarinic receptors measured in the binding assay. Here 
again, control experiments were carried out using *H- 
levetimide as ligand: there was no increase in binding in the 


P, and D, segments even 48h after ligature and again the 
total binding corresponded to the blank value of H- 


dexetimide binding. 
To assess the origin of muscarinic receptors in the splenic 
nerves, *H-dexetimide binding was assayed in proximal and 


3H-dexetimide bound (d.p.m. x 107?) 
tnd 
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Fig. 1 Dose-response inhibition of dexetimide H + jbenzetiumde)} 
(@) and levetimide {{— jbenzetimide) (Oh expressed as ~— log 
concentration, in *H-dexetimide assay using a total homogenate 

from dog splenic nerves. 
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Fig. 2 Stereospecific 7H-dexetimide binding and noradrenaline 
content in different segments of dog splenic nerves 18h (a) 48h 
(b,d) and 11 days (c) after ligature. Binding was assayed in 
duplicate; the results represent the mean (+8 e.m.) obtained from 
five or six animals except for a (m—3} and d (n=l) 
Noradrenaline was measured according to the method of Coyle 
and Henry?! G-= coeliac ganglion, C=control nerve from non- 
operated animals, P,, P, and D,, D, are, respectively, the 
proximal and distal part of ligated splenic nerves 


distal segments 11 days after ligature Stereospecific binding 
sites were practically undetectable in the distal part, even in 
the segment closest to the constriction. In contrast, a clear-cut 
accumulation of binding sites remained detectable in the P, 
segment although to a lesser extent than that observed 48h 
after the operation. This suggests that muscarinic receptors, 
like noradrenaline storage vesicles’:'°'', omginate from the 
perikarya of sympathetic neurones, in this case, in the coeliac 
ganglion 

The above results provide biochemical evidence for the 
presence of muscarinic cholinergic receptors in sympathetic 
nerves, giving more support to the concept of presynaptic or 
prejunctional receptors. In the heart, a substantial fraction of 
muscarinic receptors have been identified biochemically at the 
presynaptic sites in the sympathetic nerve terminals'?. 

The most interesting finding here is the rapid accumulation 
in dog splenic nerves of muscarinic receptors both above and 
below a ligature, suggesting a bidirectional axonal flow for 
such binding sites The fact that the rate of transport, about 
1mm h7', 1s practically the same as that previously found in 
similar conditions for noradrenaline storage vesicles, implies 
that muscarinic receptors are probably also associated with 
vesicle-like structures. Nevertheless, the rate of transport 
should be more precisely measured in smaller nerve pieces, 


Table 1 Inhibition of stereospecific *H-dexetumids binding 


ICs (2M) 
Dog splenic nerves Rat stnatum* 
Dexetimide ys 14 
Atropine 63 6.8 
Oxotremorine 3,200 6,500 
Levetumide 28,000 6,500 
Nicotine > 100,000 > 100,000 





“The values were taken from refs 19 and 20 


this could provide a new approach to studying the turnover of 
receptors, as already reported for noradrenergic vesicles!» 14, 

How these prejunctional receptors are transported along the 
axon remains unclear. However, the following sequence of 
events can be considered: synthesis of receptors like the 
proteins** and their association with subcellular organelles! 
in the perikarya; anterograde flow in the axon, at the 
terminals externalization of receptors by exocytosis, which 
makes the receptor available to ligand and thus functional, 
internalization by endocytosis (see ref 16), back to penkarya 
by retrograde axonal flow and recycling or degradation!”. If. 
this is the correct process, most of the binding sites in the 
perikarya, in the axon and partly in the nerve ending would be 
silent receptors. If such a view 1s transposed to the central 
nervous system, this could provide a plausible explanation for 
the very limited increase in binding sites in supersensitivity 
phenomena’® when compared with the more pronounced 
pharmacological reactivity. 

This work was partially supported by a grant of IWONL. I 
thank Dr J. Leysen for helpful discussions, D. Ashton for his 
help in preparing the manuscript, and J. D’Aubioul, W. Van 
Gerven, W. Gommeren and P. F M. Janssen for technical 
assistance, 
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Evidence against presynaptic 
a-adrenoreceptor modulation 
of cardiac sympathetic transmission 
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In addition to its- well known actions on postsynaptic 
adrenoreceptors, noradrenaline released at the sympathetic nerve 
endings is now believed to modulate subsequent tramunitter 
release through its actions on presynaptic receptors’’. Much 
evidence in support of this hypothesis has been obtained from 
overflow stodies in which labelled noradrenaline and metabolites 
released into the bathing solution are used as an assay of 
transmitter release. According to Langer‘ and Rand, McCulloch 
and Story’, evidence to favour the existence of such a 
presynaptic mechanism includes the demonstration that a- 

or antagonists produce enhanced transmitter 
overflow in steady-state conditions of sympathetic stimulation. 
They also suggest that «-adrenoreceptor-mediated potentiation 
of transmitter release would not be expected in response to a 
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single pulse, as a threshold concentration of released Atm | Atrum 2 
noradrenaline is required to activate presynaptic inhibition of = ees = — 
further release. In the myocardium both conditions have been fi ee | (eC ae 
obtained in the presence of phenoxybenzamine*‘. Surprisingly, } l i 

although phentolamine is also a potent a-adrenoreceptor m B | 
antagonist, the potentiation of transmitter release was less than ge | y 
the: increase due to phenoxybenzamine‘. Studies of transmitter F 450 s00 

overflow have generally been made with supra 3 

sympathetic stimulation of 5Hz continnously for 30s or 4Hz ; oe i Four pulscs are Four pulses 


for 60s (refs 6,7). We have used more closely physiological 
stimulation parameters delivered only during the atrial 
refractory period. We have now shown that phenoxybenzamine 
markedly potentiates the chronotropic response to a single pulse 
and also responses up to maximum stimuli. By contrast, 
phentolamine and yohimbine were totally without effect evem at 
high concentration. The action of phenoxybenzamine was. 
largely accounted for by its effect on uptake blockade. Taken 
together, our studies provide evidence against a a physiological 
role of presynaptic a-adrenoreceptors in the heart 

Guinea pig might atria were placed horzontally in Krebs’ 
solution (composition in mM:Na* 144, K* 5.9, Ca?* 25, 
Mg?*1,2, HCO; 25; Cl” 128.7, H PO% 1.2, SOq~ 12, EDTA 
0.04, glucose 11) in a 50-ml organ bath at 37°C with 1pM 
atropine. Two Teflon-coated stainless steel wires, bared only at 
the tip, were placed on the surface of the atrium 
approximately 2mm apart to record the surface electrogram. 
Following amplification, this signal was used to trigger a 
microprocessor-controlled period meter with an accuracy of 
better than 2 ms in the entire system. The cycle to cycle period 
(interval) was continuously displayed on a chart recorder 
When required, intramural sympathetic nerve fibres were 
stimulated by applying square wave field pulses (2 ms duration, 


450 


200 _! mm, 





Fig. 1 Chart recordings of right atnal period from two tissues 
Top: responses to sympathetic nerve stimulation effected by one 
square wave field pulse (2 ms duration, 100 mA) delivered during 
the refractory penod in the presence of 1M atropine Bottom: 
period responses to four field pulses delivered as a train of one 
pulse immediately after each of four spontaneous electrogram 
signals Phenoxybenzamine (10M) was equilibrated with atnum 
1 for 15min followed by repeated washing for 30min before 
restimulation. Phentolamine (10M) was left in contact with 
atrium 2 for 30min before, and during, field stimulation. Both 
the peak fall in period and the duration of the tachycardia were 


significantly prolonged by phenoxybenzamune treatment but not 
by phentolamine. 


100 mA) across the atrium from a pair of platinum electrodes. 
Field pulses were delivered from a Grass S88 stimulator 
following a 5-ms delay after the upstroke of the atrial 
electrogram signal (during the refractory period) to prevent 
arrhythmia®. Either a single field pulse or a train of four field 
pulses (one pulse. following each of four consecutive atrial 
electrograms) were used as stimuli. 

In .control conditions, these low stimulation frequencies 
produced a marked tachycardia, that is, a decrease in the 
succeeding atrial period as measured from the P-P intervals of 
the atrial electrogram. After a single field pulse applied during 
the refractory period, atrial period fell by 30 ms, with the fall 


beginning at the next interval The tachycardia then declined 
over the next 20s. The mechanism underlying the time course 
of response is assumed to depend on the concentration of 
released noradrenaline in the synaptic cleft. The transmitter 
will_activate postsynaptic f-adrenoreceptors to increase both 
rate and force of contraction until the concentration falls 
below the threshold level necessary to activate these receptors. 
The mechanisms responsible for the lowering of the biophase 
noradrenaline are a ‘neuronal uptake mechanism’ (or uptake, ) 
and an extraneuronal mechanism (uptake, )y?1° After four 
pulses the fall in atrial period was approximately 150 ms. 
Maximum fall in atrial period was 200-250 ms observed with 


Table ! Effects of phenoxybenzamine, phentolamine, yohimbine and uptake block on the tachycardia response to sympathetic simulation in gumea pig atna 


Ope pube Four pulses 
Peak (ms) Area (log units) Peak (ms) Area (log units) 
Treatment Before After sed P Before After sed. P Before After sod P Before After sed P 

Control (n= 8) 31 31 15 NS 079 084 008 NS 134 149 78 NS 1 85 185 0025 NS 

3 uM (n= 5) 18 39 94 =xNS* 0.78 115 O11 <0.05 113 163 116 <00% 1 70 203 009 <005 

10uM (n= 10) 41 82 96 <0001 083 152 004 <0001 184 21 139 <001 176 23 0.08 <0,001 
Phentolamuine f s. > r 

03uM (a= 5) 37 31 21 <005 070 062 0% NS 119 118 37 NS | 1 70 159 007 NS 
, LUM (R= 5) 30 27. 32. NS 0 88 077 0.07 NS 153 152 191 NS 1 78 165 003 <002 

10uM (n= 12) 79 M 46 NS 079 088 0.06 NS 147 154 104 NS 178 188 OOS NS 
Yobhmmbme s ng A - 

-01M (A= 5) 38 40 42 NS 085 0.91 009 NS 138 147 53 NS 179 188 00 NS 

` ipM (a= 5) 38 4i 80 NS 085 083 008 NS 138 155 93 NS 179 1.83 009 NS 

* 10uM (a= 5) 38 39 135 NS 0.85 087 O23 .NS 138 148 246 NS 1.79 199 O17 NS 
Uptake block 

(a= 10) 79 54 48 <0001 0 86 151 007 <0001 139 176 94 <0005 176 2% 007 <0001 


Peak responses are the maximum fal] m penod (ms) followmg esther a single pulse or a tram of four pulses of square wave field stimulation (2 ms duration, 100 mA) 
dohvered across the atrum by two platinum olectrodes during the refractory panod of spontaneous sino-atne!l rhythm Area responses are the integrated change in 
atnal period over the whole response, that s, until the atrial penod returns to resting values Tho chart record of period was integrated by weighmg Loganthmic unrts 
of area were used to obtam homoscedastc observations Moan values for peak and area responses before and after drug treatment are given togetber with sed within 
atra for each comparison. P values are the level of sgmficance (x 1 the number_of atra in each treatment) Phenoxybenzammne was left m contact with the atna for 15 
mun followed by repeated washing for 30 min before further field stimulation Phentolamine, yohimbine and uptake block (combmation of desipramine 014M and 172- 
oestradiol 51.M) were equilibrated with the atna for 30 min and left in tho bath durmg stimulation. ` 

-*Conndering log (poak) to avoid heteroscedasticity the difference was significant P<Q.01. 
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Fig. 2 Effect of phenoxybenzam- 
ine (PBX), phentolamine (Phent.) 
and uptake block to chrono- 
tropic response to exogenous 
(—)noradrenaline. Graphs: @, 
first cumulative concentration- 
response curve to {— )noradren- 
aline; A, second curve after 
equilibration of test drug, For 
each atrium, curves were con- 
structed by first expressing the 
change in atrial rate as a fraction 
of the maximum change obtained 
in the first curve. Mean sem. 
values of log EC, EC30, ECso, 
EC,5, ECg, and EC,y, values were 
determined from four atria. Histo- 
grams: black columns, resting atrial 
rate (beats min” ')-just before star- 
ting the noradrenaline curve; white 
columns, maximal atrial rate ob- 
tained with noradrenaline. Values 
are mean+is.e.m. for four atria. 
a, Phenoxybenzamine (10M); 15 
min equilibrium followed by 30 
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min washing before second curve. b, Uptake block; 30min equilibration with 0.1 uM desipramine and 5M 17f-oestradiol before second 
curve. ¢, Phentolamine (10M), 30min equilibration before curve. This curve was the fifth curve on each atrium; the previous curves were in 
the presence of 0, 0.3, 1 and 34M phentolamine and were similarly without significant effect on the noradrenaline responses. d, Control 
curves. C, refers to the first control curve and C, was the fifth curve to noradrenaline in each of four atria. Curves 2, 3 and 4 all lay between 


these two curves. 


8-16 pulses. These findings indicate that the present method of 
atrial stimulation leads to immediate release of substantial 
amounts of sympathetic transmitter. Evidence that this 
transmitter was released from nerves was obtained by the 
observations that 0. uM tetrodotoxin completely blocked the 
response to one and two field pulses and almost abolished the 
response to four pulses without significantly altering resting 
atrial rate. 

Pretreatment with phenoxybenzamine resulted in a marked 
potentiation in relation to the control response in both the 
peak and its duration after either one or four pulses (Table 1 
and Fig. 1). If we assume that the tachycardia response is 
directly related to the synaptic cleft concentration of 
noradrenaline, the area under the atrial period response record 
will be a function of the concentration and duration of 
noradrenaline released by nerve stimulation. The peak 
responses to a single pulse doubled after phenoxybenzamine 
whereas the area increased by 2.4- and 4.9-fold after 3 and 
104M, respectively (Table 1). In contrast, phentolamine, in 
concentrations that significantly antagonized x- 
adrenoreceptors in guinea pig aortic strips, did not increase 
the tachycardia response with respect to peak or duration to 
either one or four pulses, nor was there a significant 
depression of resting atrial period (Table 1 and Fig. 1). 
Yohimbine, which has been classified as being a more selective 
presynaptic a-adrenoreceptor antagonist than phentolamine’, 
was also without significant effect on the response to 
sympathetic stimulation (Table 1). 

Applying four field pulses within one refractory period (that 
is, four pulses over 40ms equivalent to a frequency of 
sympethetic stimulation of ~100Hz) decreased the atrial 
period by the same magnitude as four pulses delivered as one 
pulse following each atrial beat for four beats. However, 
phentolamine and yohimbine failed to potentiate the responses 
to either stimulation pattern. These findings contrast with 
some reports of an increase in the tachycardia response to 


sympathetic stimulation after phentolamine and 
yohimbine’*'°. 
To explore the possibility that phenoxybenzamine 


potentiated the response to a single pulse by its well 
established property of uptake inhibition®™ t5, we investigated 
the effect of a combination of desipramine and oestradiol, 
drugs classified as potent inhibitors of uptake, and uptake, 
(refs 17, 18). In the guinea pig heart the uptake, mechanism Is 
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of minor significance’? and this was confirmed in the present 
study by the finding that desipramine alone potentiated the 
responses to field stimulation as much as did desipramine 
combined with oestradiol. The potentiation of response to a 
single pulse in the presence of the combination of the uptake 
blocking drugs was very similar to the potentiation observed 
following phenoxybenzamine (Table 1). Moreover, tachycardia 
responses to cumulative dose-response curves to exogenous 
noradrenaline were potentiated to a similar degree by 
phenoxybenzamine and uptake blockade (Fig. 2). By contrast, 
phentolamine at 0.3-104M had no significant effect on the 
resting atrial rate or the dose-response curves to 
noradrenaline (Fig. 2). Therefore, we conclude that uptake 
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Fig. 3 Potentiation of right atrial period responses to 


sympathetic stimulation by uptake block in the presence of 
phentolamine. For each atrium responses were measured to one 
(@) and four (A) field pulses in three conditions: ( 1) C, control, 
(2) P, in the presence of 104M phentolamine, and (3) P+U, in 
the presence of 10M phentolamine and uptake block (0.1 uM 
desipramine and 5pM 17f-oestradiol). Points represent mean 
values from five atria; bars indicate+1s.e.d. within atria between 
adjoining means. All values during P+U were significantly 
higher than either P or C (P<0.05), Peak and area defined in 
Table | legend. 
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blockade is more likely to be the underlying mechanism of the 
phenoxybenzamine potentiation than  a-adrenoreceptor 
antagonism. : 


The failure of phentolamine: to enhance the chronotropic 
effect of sympathetic nerve stimulation despite a considerable 
increase .in transmitter overflow has been previously 
observed’?:?°, However, Langer, Adler-Graschinsky and 
Giorgi’ suggested that phentolamine had a veratramine like 
direct depressant action on the sino-atrial node which“ (1) 
lowered the resting atrial rate, (2) attenuated the chronotropic 
response to exogenous noradrenaline and (3) prevented the 
tachycardia to sympathetic nerve stimulation. We can find no 
evidence for this depressant action of phentolamine on the 
resting atrial rate or on exogenous noradrenaline dose- 
response curves. Moreover, in the presence of a high 
phentolamine concentration (10M), uptake block treatment 
potentiatéd the response to one and four pulses of sympathetic 
stimulation to a similar degree to uptake block alone (Fig:-3). 
Similarly, pretreatment with 104M phenoxybenzamine.in the 
presence of a phentolamine, still potentiated responses as 
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(area responses to one fidd ‘pulse, log units: 
PORTE 


before 
phentolamıne 0.88, phenoxybenzamine 1.46, 
t= 5.88, P<0.01, seven experiments). 

In conclusion, our results indicate that E auamins 
potentiates not only the response to a train of sympathetic 
nerve pulses but also markedly accentuates the effects of a 
single pulse. By contrast, the a-adrenoreceptor antagonists 
phentolamine and yohimbine did not potentiate the effects of 
either stimulus trains or single pulses. It seems likely that the 
potentiation produced by phenoxybenzamine was not due to 
its a-adrenoreceptor antagonist action but to its property of 
uptake block. This suggests that presynaptic a-adrenoreceptor 
modulation by synaptically released noradrenaline plays no 
part in cardiac sympathetic transmissian, at any’ rate, at’ the 
physiological stimulus levels of the present ex experiments which 
were generally lower than those used in overflow studies. 
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Open time of channels activated 
by binding of two distinct agonists 


Alain Trautmann & Anne Feltz* 


Laboratoire de Neurobiologie, Ecole Normale Supérieure 75230 Paris 
“Cedex 05, France 


At the frog endplate, acetylcholine (ACh) causes depolarization 
by opening synaptic chamels, and it is generally assumed that 
more than one molecule must bind to open one channel. This 
interpretation, proposed to explain the sigmoidicity of the 
dose-response curve”’, also accounts for the potentiating effect 
of pipette-released ACh on the response to nerve-released ACh’. 
We have described a similar cross-potentiation between ACh 
and carbachol (CCh)**. The response to simultaneous 
application of these two agonists is larger than the sum of the 
responses to separate application, and we have assumed that this 
reflects the binding of both ACh and carbachol to individual 
recoptor molecules. One approach to an understanding of the 
molecniar basis of transmitter action is to study the mean time 
a channel remains open in its presence. Because this mean ‘open 
time’ depends on the nature of the agonist used to activate a 
given receptor, we have measured this parameter in order to 
understand better the mechanism onderlying the cross- 
potentiation. We compered the ‘open times’ observed when the 
two agonists were applied separately with those obtained when 
both were applied together. In each case, when a ‘faster’ agonist 
(one inducing ‘short’ open times) and a ‘slower’ agonist (one 
duie “long? opo times) area polled) oreki tbe channels 
opened by combined activation have a short mean open time, as 
if these were only controlled by the faster agonist. 


*Presoat address Laboratoere de Ph 23 6787 
inai ymologe Rorprraiocre, CNRS, 23 moo Becquered, 


The open time of a channel at the frag endplate (r) can- be 
measured directly (by single-channel recording”), or it can be 
estimated indirectly from the relaxation of the endplate current 
when displaced from equilibrium. Displacement can be 
spontaneous, appearing in the form of fluctuations of thermal 
origin around a mean, and in that case noise analysis is used®; 
it can be caused by a concentration jump, in which case the 
decay of the endplate current is measured’; or, as t is voltage- 
dependent, it can be caused by voltage jumps?’!. The 
estimation of t is effectively independent of the method used, 
at least at a low concentration of agonist. We used the last 
method, where t is given by the time constant of relaxation of 
the agonist-induced current after an instantaneous voltage 
jump. 

Experiments were carried out on the frog endplate at a low 
temperature (3~5°C) to reduce the rate of desensitization? !?. 
Membrane potential was controlled by a conventional two- 
electrode voltage clamp on an endplate region located under 
Nomarski optics. Identical voltage jumps were performed 
before (control) and after application of various agonists. Pure 
agonist-induced current was obtained by subtracting from the 
current measured in the presence of the agonist (before, during 
and after the voltage step) the ‘nonsynaptic’ current measured 
during a control jump®!!. Figure la (top trace) shows the 
CCh-induced current obtained by such a subtraction. Before 
the jump, at —90 mV, the agonist induced a current, of 20nA. 
After hyperpolarization to —140 mV, the CCh-induced current 
first increased as expected from the change im driving force on 
the channels that were open before the jump. The cyrrent then 
relaxed towards a new steady level. When the membrane 
potential was returned to the mital holding potential, the 
CCh-induced current first decreased rapidly, then more slowly, 
eventually returning to the value measured before the voltage. 
A semilogarithmic plot of current against time. (Fig. .1b) 
shows that after reaching the new voltage (—140 mY}, the 
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Fig. § Agonist-induced currents during a voltage jump lasting 
205ms from a —90-mV to a —140-mV holding potential. The 
voltage jump was performed before, then during agonist 
application. After subtraction of the control jump, the 


nonsynaptic contribution disappears, leaving the current flowing 
through the synaptic channels opened by the agonist. Each trace 
is an averaged signal on eight jumps. Dotted lines give the zero 
synaptic current. a, Current induced by the application of 10 uM 
CCh (top trace) and 37nM SubCh (bottom trace). b, Semilog 
plot of the CCh-induced current {rhombs) and SubCh-induced 
current (circles) against time, after a jump at —140mV. Both 
currents decay exponentially, with time constants of 7.6ms and 
27 ms respectively. c, The bottom trace shows the ‘total current 
resulting from the simultaneous application of 37nM SubCh and 
10uM CCh, and the top trace shows the difference between the 
total current and the sum of the two currents given in a. d, 
Semilog plot of the total current (black squares} against time 
after a jump at ~—140mV; the foot of the curve is fitted with an 
exponential (dotted line) of time constant 27ms as in b. The 
difference between the total current and this slow component is 
given by the open squares, which can be fitted by an exponential 
with time constant 7.5ms. The time constant of the ‘difference’ 
shown in b, top (semilog plot is not shown) is 5.7 ms. This figure 
s somehow shorter than the fast component, but this difference 
was not systematic in the various experiments (see text). The base 
line slopes slightly on all records; its time constants of several 
hundreds of ms are easily separable from the values we are 
studying. The perfusing medium was cooled at 3°C to reduce 
desensitization. In the same line, a Ca-free Ringer was used, with 
the following composition (mM): NaCl, 115; KCl, 2; MgCl,, 5; 
HEPES 2mM and pH adjusted to 7.2. All data were recorded on 
a tape recorder Racal M4 and later analysed on a Hewlett 
Packard 9825A desk computer. Note the increase in noise level 
in ¢ (compared with a): the phenomenon was recorded at a low 
gain (to avoid saturation on the tape), and reamplified later, with 
a resulting increase of the background noise from the tape. 


current relaxed exponentially to a steady level, enabling us to 
estimate, at this potential, the mean open time of the channels 
controlled by CCh (Tecn). 

Similar records obtained during the application of 
suberyldicholine (SubCh) show slower relaxations (Fig. la, 
bottom trace). In the voltage range studied, tec, and Teuer 
differ by a factor of 3-4, in good agreement with previous 
data®''. Both values increase with hyperpolarization, and 
both double over a 50-mV range. 

At the holding potential of —90mV, separate applications 
of 10uM CCh+ and 37nM SubCh resulted in an inward 
current of 20nA and 25nA, respectively. During simultaneous 
application of both agonists (l1OuM CCh+37nM SubCh) 
cross-potentiation was observed: instead of the 45-nA current 
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expected from purely additive effects, a total current of 87nA 
developed. Moreover, when SubCh and CCh were applied 
together, the relaxation following a voltage jump was no 
longer exponential, but biphasic. The extra current produced 
by cross-potentiation was calculated by subtracting both the 
CCh-induced current and the SubCh-induced current shown in 
Fig. la from the agonist-induced current which developed 
during simultaneous application. Figure Ic (top trace) shows 
that this extra current relaxed along a single exponential with 
a time constant almost identical to that observed with CCh 
alone. 

The subtraction of the two single-agonist relaxations from 
the double-agonist relaxation is justifiable only if the number 
of receptors bound by two molecules of a given agonist is the 
same when that agonist ts applied alone and when it is applied 
in combination with the second agonist of the pair—a 
criterion that can be assumed to be met if the fraction of 
receptors activated by the agonist is small. In our experimental 
conditions, clearly only a small proportion of the receptors 
were activated, because the doses used induced a current of 
only 20nA (10uM CCh), whereas the current expected from 
activation of all the receptors {assuming a total of more than 
10° receptors per endplate'* and an elementary conductance 
of 25pS'*) is 1,000 times greater. Furthermore, because low 
concentrations of agonist and low temperatures were used, 
desensitization developed very slowly. 

Given our experimental conditions, it thus seems possible to 
conclude that the receptor population was far from saturated 
and that desensitization was avoided, so that we could assume 
that the additional current seen with combined agonist 
application was due to the recruitment of a new group of 
receptors, each bound by one CCh and one SubCh molecule. 
Even if receptor saturation and desensitization were not 
completely avoided, neither of these factors would be expected 
to alter our principal finding--that the extra channels 
controlled by combined agonist application are opened for a 
short time. 

The same conclusion as that drawn from subtracting the 
two relaxations can be reached directly from a semilog plot of 
the relaxation of the combined agonist-induced current against 
time (Fig. Id). Two exponentials appear, with time constants 
the same as those obtained by separate application of the two 
agonists. Whereas the amplitude of the slow component 
remained equal to that obtained with SubCh alone, that of the 
fast Component was four times larger than in the relaxation 
seen with CCh alone. This again suggests that the channels 
opened by combined application of SubCh and CCh behave as 
CCh-activated channels. 

To investigate whether our observations were generally 
applicable, we looked at the characteristics of the channels 
during cross-potentiation between ACh and acetylthiocholine, 
SubCh, or CCh. These experiments were all performed after 
irreversible inactivation of acetylcholinesterase by O-ethyl-S,- 
diisopropyl-amino-ethyl-methyl-phosphonothionate (MTPY. 
In all cases, the agonist, which alone would have led to the 
shorter open time, T,,,,, (so called faster agonist), seemed to 
determine the open time of the channels controlled by two 
agonists (T In 12 experiments Tyu/Tyon Was 1.0840.31 
(t+s.d.). 

Our data thus suggest that the binding of a receptor 
molecule by two different agonists leads to channel opening 
for a time determined in most cases, if not always, by the 
faster of the two agonists. These results have to be taken into 
account in schemes describing normal channel activation. It 
has often been suggested that sequential binding of two 
agonist molecules is followed by isomerization of the receptor- 
channel complex and subsequent channel opening (see ref. 14 
for a review). Our data are not easily interpreted with respect 
to such a model: if isomerization is the rate limiting step, it 
has to be assumed that for a mixed activation, isomerization 
depends only on the faster agonist, and that is not very 
satisfying. On the other hand, if binding is the rate limiting 
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step, one can predict that the open time of the channels 
controlled by receptors bound by two agonists will be 
intermediate between the values characteristic of each agonist, 
which we did not find. A more general discussion would have 
to take into account other possibilities—if the two binding 
sites On One receptor are not identical, then models compatible 
- with our results are possible. 

This work was supported by grants from CNRS, INSERM 
(ATP 58-78-90) and DGRST. We thank P. Ascher and J. 
Kehoe for comments on the manuscript. Suberyldicholine was 
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Received 14 February; accepted 28 April 1980. 


. Katz, B. & Thesleff, S. J. Physiol, Lond. 138, 63-80 (1957). 

. Jenkinson, D. H. J. Physiol, Lend. 152, 309-324 (19601. 

. Hartzell, H. C., Kuffler, S. W, & Yoshikami, D. J. Physiol, Lond. 281, 427-463 (1975). 
. Feltz, A. & Trautmann, A. J. Physiol., Lond. 293, 64-65P 1979}, 


. Katz, B. & Miledi, R. J. Physiol, Lond. 230, 707-717 (1973). 

. Magleby, K. L. & Stevens, C. F. J. Physiol, Lond. 223, 151-171 (1972). 

. Neher, E. & Sakman, B. Nature 260, 799-80} (1976), 

. Adams, P. R. Br. J. Pharmac. 53, 308-310 (1975), 

10, Sheridan, R. E. & Lester, H. A. Proc. natn. Acad. Sci. U.S.A. 72, 3496-3500 (1975), 

11. Neher, E. & Sakmann, B. Prac. natn. Acad. Sci, U.S.A. 72, 2140-2142 (1975), 

12. Magazanik, L. G. & Vyskocil, F. J. Physiol, Lond. 249, 285-300 (1975), 

13. Matthews-Bellinger, J. & Salpeter, M. M. J. Physiol, Land. 279, 197-213 (1978). 

14, Colquhoun, D. in The Receptors 1 (ed. O'Brien, R. D.1 93-142 (Plenum. New York. 1979). 


OS a2 OR Um We Bo oe 
vy 
2, 
Panai 
pP 
> 
& 
mj 
br 
$e 
¢ 
pre 
3 
5 
4 
Fa 
> 
= 
"o 
= 
ve 
2 
& 
Min 
é 
we 
x 
R 
3 
kiad 
bat 
tos 
G 
iA 
tt 
ee 
ee 
wa 
Oe 
E 


kar 





Proton NMR detection of acetylcholine 
status in synaptic vesicles 


H. Stadler & H. H. Füldner 


Max-Planck-Institut für biophysikalische Chemie, Postfach 968, D 
3400 Gottingen 1, FRG 


The storage granules of cholinergic nerve terminals, the synaptic 
vesicles, have a central role in the mechanism of cholinergic 
transmission, and direct evidence as to whether acetylcholine is 
stored in them in a free or partially immobilized form is 
therefore of interest. In some secretory systems it has become 
evident that low molecular weight secretion products are stored 
within the granules as complexes with proteins or 
proteoglycans’. The application of high resolution NMR 
spectroscopy to isolated granules’ has recently elucidated the 
internal structure of secretory granules. We report here that 
proton NMR analysis of isolated cholinergic synaptic vesicles 
from Torpedo marmorata allows the identification of 
acetylcholine within the organelle. The spectrum shows that all 
the acetylcholine is dissolved in an essentially fluid phase within 
the core. Vesicular and uncompartmentalized acetylcholine can 
be distinguished from each other and in addition, any hydrolysis 
to choline and acetate can be monitored. The results open the 
possibility of studying dynamics of acetylcholine pools and their 
breakdown in cholinergic tissue by a direct and non-perturbing 
method. 

After isolation®, vesicles were pelleted, resuspended in a 
small volume, dialysed against isosmolar D,O buffer and 
spectra recorded in a Bruker WH 270 FT spectrometer 
interfaced to a Nicolet B-NC 12 computer. Chemical shifts are 
given relative to the internal standard 3-(trimethylsilyl)-d,- 
propionic acid, whose pH dependence has been observed 
where necessary®. Complete recording of integrals was assured 
by proper choice of the acquisition parameters. The 
temperature was kept at 5°C. 

Basically, three experiments were carried out. In the first 
experiment, the spectrum of intact vesicles was recorded (Fig. 
la). In the second, the acetylcholinesterase present as a 
contaminant in the sample was blocked by diethyl-p-nitro- 
phenyl phosphate (paraoxon). The vesicles were then lysed by 
several freeze-thaw cycles and the spectrum was taken (Fig. 
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Fig. 1 Proton NMR spectra of isolated cholinergic synaptic 
vesicles from Torpedo marmorata. Vesicles were pelleted from the 
corresponding fraction from a sucrose density step gradient and 
suspended and dialysed against 04M NaC] and 20mM 
phosphate pD 7.4 made in D,O and the spectrum recorded at 
5°C. a, Intact vesicles in the presence of 504M _ paraoxon 
{acetylcholine esterase blocker). b, The same preparation as a, 
but after lysis of vesicles and release of acetylcholine by repeated 
freezing and thawing. The dashed line indicates the chemical shift 
between resonances 3 and Y, the shif is present on all 
acetylcholine resonances (see text), c, Another vesicle preparation 
that has been lysed by freezing and thawing in the absence of an 
acetylcholine esterase blocker. The acetylcholine has been 
hydrolysed by the esterase present in the sample. Identified 
resonances: (1) 3-(trimethylsilyl}propionic acid {internal 
standard, 1 mM); (2) free acetate; (3) and (3) -CH, protons of 
the acetyl residue of intact acetylcholine; (4) and (4°) -N-iCH,), 
protons of acetylcholine; (5) trimethyloxamine; (6) resonances 
from residual sucrose and -CH,- protons from acetylcholine; (7) 
-CH,- protons of acetylcholine adjacent to the acetyl group; (8) 
-N-(CH,), protons of choline; (9) and (19) -CH,- protons of 
choline superimposed on sugar resonances: {x} unidentified 
resonances, 


1b). In the third experiment the esterase was left active, the 
vesicles were lysed and a spectrum with the resulting choline 
and acetate resonances was obtained (Fig. Ic). 

The simple spectrum of intact vesicles ‘Fig. 1a} contains the 
resonances of acetylcholine, trimethyloxamine (present in high 
concentrations in the body fluids of elasmobranchs’) and 
residual sucrose, together with a few minor unidentified 
resonances. Although ATP is present in vesicles in a 1:7 ratio 
relative to acetylcholine®, its resonances could not be identified 
unambiguously. The membrane lipids gave only a very broad 
background. 

Figure 2 shows the changes in the spectral region containing 
the N(CH3),; and acetyl-CH, resonances when the vesicle 
preparation was subjected to several freeze-thaw cycles in the 
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Three observations were noted: (1) The acetylcholine 
resonances of intact vesicles are shifted upfield relative to free 
acetylcholine as obtained after lysis or from a simple 
acetylcholine solution in our buffer (spectrum not shown). The 
shift ranges from about 0.02 p.p.m. to 0.04 p.p.m. fer the 
various acetylcholine resonances (compare Fig. la, b). 
Although small, it is reproducibly above the resolution limit of 
0.01 p.p.m. Possible explanations for this shift include 
susceptibility differences between the vesicle core and the 
external medium, differences in pH or ionic strength, and a 
weax interaction of acetylcholine with the negatively charged 
groups of a glycosaminoglycan found to be associated with the 
vesicles®. The effect of pH and ionic strength was insufficient 
to explain the observed shifts. (2) The integrais of 
corresponding resonances are identical before and after lysis. 
This means that all the vesicular acetylcholine is detected in 
the intact vesicles. (3) The stored form of acetylcholine shows 
only slightly bigger linewidths than the released one. 
Therefore, there is no doubt that the stored acetylcholine is 
dissolved; the differences in linewidths are presumably due to 
viscosity differences. 

The result of the third experiment (several freeze-thaw 
cycles in the presence of active cholinesterase) is presented in 
Fig. 3. Here, vesicle breakdown and the immediate hydrolysis 
of the released acetylcholine are indicated by the 
disappearance of the acetyl-CH,-resonance of intact 
acetylcholine and the concomitant appearance of the CH,- 
resonance of free acetate. Correspondingly, all other 
acetylcholine resonances change over to those of choline (see 
Fig. Ic). This observation supports our deduction from the 
chemical shifts in the spectrum of acetylcholine that these were 
due to the difference between intra- and extravesicular 
acetylcholine. Another experiment of type 3 (omitting the 
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Fig. 3 Hydrolysis of acetylcholine progressively released from 
synaptic vesicles in the presence of unblocked acetylcholine 
esterase. Conditions as described in Fig. ic, labelling as in Fig. 1. 
Part of the spectrum shown in Fig. Ic is presented. a-d Are 
spectra after 0, 2, 8 and 16 freeze-thaw cycles, respectively. 
Freezing and thawing of an acetylcholine solution in the same 
condition has no effect. 


acetylcholine (~ 36h) is long compared with the time of the 
experiments. 

We accordingly conclude that the internal organization of 
acetylcholine in synaptic vesicles, in agreement with our recent 
findings that no soluble or easily releasable high molecular 
weight material is present in the core °°'*, constitutes a 
specialized version of a secretory organelle with fully dissolved 
storage product, thus fulfilling the need for quick acetylcholine 
release, which presumably occurs via exocytosis of vesicles 
during synaptic transmission. The result is consistent with 
density measurements suggesting that the vesicular 
acetylcholine is in an ‘osmotically active’ state ™ +°, 

As there is evidence that the dynamic structure of the 
internal content of an isolated secretory granule is identical 
with that of the granule in the intact organ'’, the shift 
differences mentioned might provide the basis for future NMR 
experiments using synaptosomes or intact (perfused) tissue to 
study the turnover and breakdown of acetylcholine pools, a 
matter of current interest!?. 

We thank Dr V. P. Whittaker for support and Fri. U. 
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the SFB 33 project C6. 
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Metallothionein mRNA induction in 
HeLa cells in response to zinc or 
dexamethasone is 
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Metallothioneins (MTs) are low molecular weight, heavy metal 
binding proteins unique in their high cysteine content and high 
affinity for Zn’*, Cd’*, Hg**, Ag’* and Cu’* (refs 1-3). The 
synthesis of MTs is induced by zinc or cadmium in the liver and 
kidney** and in cultured cells™”. More recently MT induction 
by the steroid hormone dexamethasone (Dex) has been 
demonstrated in HeLa cells’ and adrenalectomized rats". 
Because glucocorticoid hormones lead to an_ intracellular 
accumulation of zinc", the question arises of whether the 
induction of MT gene expression by steroids is a ‘primary 
induction response’ (ref. 18), or due to elevated intracellular 
Zn**. The glucocorticoid-induced transport of Zn’* is dependent 
on concurrent protein synthesis”. We now show that, in 
contrast to glucocorticoid-stimulated Zn’* transport, the Zn°* 
and Dex induction of translatable MT-mRNA is independent of 
concomitant protein synthesis but not RNA synthesis; that is, 
MT induction by either agent is a primary induction response". 

We first compared the effects of Dex and Zn?* on (1) the 
patterns of protein synthesis directed by total HeLa 
cytoplasmic RNA in a cell-free system, and (2) the patterns of 
soluble protein synthesis in the cells (Fig. 1). HeLa cells were 
grown as previously described'’. To demonstrate an elevated 
MT-mRNA level in response to Zn** or Dex, confluent plates 
of HeLa cells were incubated for 6h in control medium, 
1077M Dex, or 3.7x 10°°M Zn?*. At the end of this induc- 
tion period the cells were collected by scraping, with a rubber 
policeman, into ice-cold phosphate-buffered saline. The cells 
were collected by centrifugation in a Beckman Microfuge B 
for 45s. Total cytoplasmic RNA was extracted from the cells 
by the phenol-chloroform method of Anderson et al.?°. Total 
cytoplasmic RNA extracted from HeLa cells was translated in 
the wheat-germ cell-free translation system described by 
Andersen and Weser?! for translation of rat liver MT-mRNA, 
The incorporation of radioactivity into MT is a linear function 
of the amount of HeLa cell total cytoplasmic RNA added to 
the translation system up to 15ug of total RNA per reaction 
mixture (data not shown). To examine the effects of Zn?* and 
Dex on MT synthesis in the cells, additional plates were 
exposed to inducers for 6h, shifted to cysteine-free medium 
and exposed for an additional hour to °*S-cysteine (see Fig. | 
legend). 

At the end of either the in vitre translation reaction or the 
radioactive labelling of the cultured cells, the fractions to be 
analysed were reduced and alkylated (ref. 21 and Fig. 1 
legend) and subjected to electrophoresis on polyacrylamide 
gels. Due to its high cysteine content, reduced and 
carboxymethylated MT has a large net negative charge 
(carboxymethyl cysteine is negatively charged in the conditions 
used for electrophoresis). As a consequence, the 
carboxymethylated MT migrates abnormally rapidly on 20°, 
polyacrylamide SDS gels (see ref. 21). In this gel system MTs 
migrate as a single band with an R, of 0.72 relative to 
bromphenol blue, and are completely separated from all other 
proteins”. 

Lanes a, c and e of Fig. 1 are the reduced and 
carboxymethylated proteins synthesized in the cell-free system. 
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Fig. 1 Dexamethasone- and Zn*” -induced stanulation of MT synthesis 
and MT-mRNA accumulation in HeLa cels cultured in serum-free 
medium, HeLa cells were incubated for 6h with control medium (a, Bi, 
medium +10°°M Dex (c,d), or medium +37» 10°7 M#n** ide}. At 
the end of the incubation period three culture plates for cach pont were 
~oliected and total cytoplasmic RNA was extracted. The cell-free 
translation was carried out as described by Andersen and Weser?! in a total 
volume of 25ul optimal salt concentrations were 4.5 mM MeCl, and 
650M KCI. Unlabelled cysteine was omitted frer the amino acid misture 
and replaced with 0.8uM of *%S-cysteine (translation grade, NEN 
608 Ci mmol ``}. The reaction was initiated by adding exogenous RNA. Al! 
samples were assayed with both 10 pg (a subsaturating amount) and 15 pg 
(the peak of the concentration curve) of cellular RNA. At the end of the 2- 
h incubation at 25°C the samples were carbouymethylated aa previously 
described?'. The remaining culture dishes were abelled from the éth to the 
7th hour with 304Ci of **S-cysteine (NEN, 300-500Ci mmol” 4), 
Radioactive labelling was carried out in cysteme-free medium containing 
the appropriate inducers. At the end of the [-h pulse, the cells were 
collected and the soluble proteins extracted as described before??. 
Reduction and alkylation of proteins synthesized in the cells were done as 
follows, To 200 ud of the cell extract were added 20 pi ofi M HC) and 20u! 
of 0.25M EDTA. After 20min at room temperature, Jal of BM 
guanidine, 0.5M Tris-Cl. 0.05M EDTA, pigs, comlaining 20mM 
dithiothreitol were added. After 3h incubation ai 37°C, Oui of 2M 
neutralized iodoacetic acid were added and the mixture was incubated for 
another 90min at 37°C. The reaction was terminated by dialysing against 
H:O for 24h. All the samples were subjected to electrophoresis on 20% 
polyacrylamide, 0.1°) SDS slab gels. Lane a, 76,000 cpm. of translation 
product from the cell-free protein synthesis reaction, synthesis directed by 
RNA from control cultures. Lane b, 151,000 2.p.m. of intracellular 35S- 
cysteine-labelled soluble proteins from control cultures. Lane c LOGG 
cp.m. of in vitro synthesized translation product directed by RNA from 
Dex-induced cultures, Lane d, 161,000 cp. of intracellular labelled 
soluble proteins from Dex-induced cultures. kane e, 77000 cp. of in 
titro synthesized translation products direced by RNA from Zn** 
induced cultures. Lane f, 162,000 cpm. of istracellular labelled soluble 
proteins from Zn**-induced cultures. Electrephoresis and Huorography 
have been described previously?'-?*. The position of the MT band is 
indicated by the arrovs. 
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Table 1 Dexamethasone stimulation of zinc uptake by HeLa cells 
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Expt | Expt 2 Expt 3 
(confluent (confluent (exponential 
cells) cells} cells) 
Control (6h) 37,734 +953 37,543 +3016 21,474+3772 
Dex (6h) 43,899 + 220 43,140+1689 26,200 +2848 
Cycioheximide (6h) ~~ 31,1444 1288 19,040 +2206 
Dex + cycloheximide a 26,729 +3858 18,938 +891 
(6h) 

Control (24h) 57903+2780 0 00 me 
Dex (24h) 97,647 + 2475 -l _ 





HeLa cells were incubated for the times indicated in our serum-free 
medium'? with 0.SpCi of °*Zn** per plate. Dexamethasone, where 
indicated, was 10°’ M; cycloheximide was 1074M. At the end of the 
incubation period the cells were washed twice with Sml of cold 
phosphate-buffered saline. Cells were dissolved in 1 M NaOH. °°Zn?* 
content was measured in a Beckman Biogamma counter, Expts | and 
2 were with confluent cells: expt 3 was with cells at half-maximal 
density. 


suggests that both forms of MT (MT, and MTy, refs 2, 12) are 
induced by heavy metals and glucocorticoid hormones {M.K. 
and H.R.H., in preparation). R.A. et al?” have demonstrated 
that the wheat-germ system preferentially translates small 
mRNAs in vitro. We also see a reduction in high molecular 
weight proteins synthesized in the cell-free system (lanes a, c, 
e) compared with proteins synthesized in intact cells (lanes b, 
d, fì. This does not affect the translation of MT-mRNA, which 
codes for a low molecular weight (6,000) protein. 

To determine whether or not the elevation of MT-mRNA in 
response to the two different inducers is dependent on de novo 
synthesis of RNA and protein, we used inhibitors of RNA and 
protein synthesis (actinomycin D and cycloheximide). HeLa 
cells were exposed for 6h to 10°’M Dex or 3.7 
x 1075M Zn?*, either in the absence or presence of inhibitors. 
At the end of the 6-h exposure period total cytoplasmic RNA 
was extracted and translated in the cell-free system, using *°S- 
cysteine to label the proteins synthesized. The reduced and 
carboxymethylated proteins were subjected to electrophoresis 
and fluorograms were prepared (Fig. 2). Lanes a, b and c are, 
respectively, proteins from control, Dex-induced and Zn**- 
induced cells in the absence of inhibitors. Lanes d, e and f are, 
respectively, proteins from control, Dex-induced and Zn’*- 
induced cells in the presence of 1pgml~’ of actinomycin D 
during the 6-h induction period. Lanes g, h and i are, 
respectively, control Dex-induced and Zn**-induced cells in 
the presence of 1074M cycloheximide during the induction 
period. Once again, Dex and Zn’* exposure leads to an 
elevation in translatable MT-mRNA (lanes a-c). Both the 
hormone- and metal-elicited elevations in MT-mRNA are 
inhibited by lpgml~! of actinomycin D (lanes d-f) but not 
by 1074M cycloheximide (lanes g, h, i). This concentration of 
cycloheximide blocks more than 90% of protein synthesis in 
HeLa cells (results not shown). 

To quantitate the amounts of MT synthesized, a fluorogram 
prepared from the experiment shown in Fig. 2 was scanned 
with a densitometer. The optical density (a direct function of 
radioactivity, data not shown) in the MT band was summed 
and normalized to the amount of total radioactivity applied to 
the gel. Figure 3 shows the quantitative results from a 
densitometric analysis of a fluorogram from the same 
experiment shown in Fig. 2. In this particular experiment MT- 
mRNA was elevated about five-fold by 1077M Dex and six- 
fold by 3.7 x 1075 M Zn?*. Inclusion of 1 pgml~* actinomycin 
D in the culture medium during the induction period not only 
prevented the elevation of MT-mRNA, but also lowered its 
level relative tọ control cultures by 50-60%. In contrast, 
inclusion of 1074M cycloheximide did not inhibit the 
induction of MT-mRNA; in fact, cycloheximide caused an 
elevation in the level of MT-mRNA in both control and 
treated cultures. 
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We considered it essential to examine the role of RNA and 
protein synthesis in MT induction by Zn** and Dex at similar 
levels of induction. The Dex concentration used (1077 M) 
causes maximal MT synthesis in response to this inducer. In 
contrast, we used a concentration of Zn?* (3.7x1075M) 
which, although it causes approximately the same level of 
induction as maximal dexamethasone, results in only 20% of 
the maximal MT response to the optimal Zn** concentration 
(1074M). Variable cycloheximide enhancement of MT 
synthesis (40-100°,) in Zn*~-treated cultures and control 
cultures was observed in two in vitro translation experiments 
and four in vivo experiments of the type described in Fig. 1 
legend. In contrast, we observed only 0-305% cycloheximide 
enhancement with Dex-treated cells. The stimulatory effect of 
cycloheximide observed in control- and Zn**-induced, but not 
Dex-induced expression of MT-mRNA may be due to the fact 
that in one condition (with Dex) the system is operating at 
maximal potential for that physiological condition, whereas in 
the other cases (control, Zn**) the system is operating in sub- 
optimal conditions of expression. Alternatively, the 
glucocorticoid receptor may have a short half life: its decay in 
the presence of cycloheximide may counterbalance a true 
stimulating effect of the drug. Recently, Enger et al.?? have 
also used in vitro translation of mRNA in a wheat-germ 
system to demonstrate that induction of MT in cultured CHO 
cells in response to cadmium occurs as a consequence of an 
elevation in translatable message. 

Cox!’ reported that exposure of HeLa cells to Dex leads to 
an increased uptake of Zn?*. We find that Dex exposure of 
HeLa cells grown in serum-free medium also leads to a 
twofold elevation in the uptake of °*Zn?* after 24h (Table 1, 
expt 1). Cox also reported the Dex-induced Zn** uptake was, 





Fig. 2 In vitro translation of RNA preparations from control, Dex- 
treated and Zn2*-treated HeLa cells and the effect of actinomycin D and 
cycloheximide on MT-mRNA accumulation. Confluent cultures of HeLa 
cells were incubated for 6h in: a, control medium; b, medium containing 
1077M Dex: (c, medium containing 3.7«10°°MZn?*; d, control 
medium plus Ipg/ml~! actinomycin D; e, 1077M Dex plus Ipgm `! 
actinomycin D; f, 3.7x10°S5MZn?* plus Ipgml”? actinomycin D; g, 
control medium plus 10°*M cycloheximide; h, 1077M Dex plus 1074M 
cycloheximide; i, 3.7x 10°°M Zn?* plus 10°*M cycloheximide, j, no 
exogenous RNA added to the translation system. At the end of the 6-h 
incubation period, total cytoplasmic RNA was extracted and translated in 
the cell-free system. The translation products were reduced and alkylated, 
dried down under vacuum in a desiccator and resolubilized in SOpl of 
electrophoresis sample buffer. A 10-pl aliquot containing 49,000--60,000 
cpm. was subjected to electrophoresis on 20% polyacrylamide, 0.1%, SDS 
gels. The position of the MT band on the resulting fluorogram is indicated 
by the arrows. 
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Fig. 3 Quantitation of the effects of RNA and protem synthesis 
inhibitors on elevation of MT-mRNA in response to Dex and Znř’. A 
fluorogram similar to that shown in Fig. 2, but in the linear response 
range, was scanned with an Optronics Photoscan model P-1000 digitalized 
densitometer, using a photometer window with a 200-um raster. RNA at 
lOug per translation (a subsaturating concentration} was used. The density 
in the MT band was summed and normalized to the amount of 
radioactivity applied to each slot. 


however, dependent on de novo RNA and protein synthesis!”. 
We find that after 6h of exposure to Dex there may already be 
a slight increase in °*Zn** uptake. More importantly, in the 
presence of cycloheximide there is no Dex stimulation of 
*°Zn*~ uptake over the 6-h induction period (Table 1, expts 2. 
3). In contrast to Dex stimulation of Zn?* transport, the 
peueion of MT-mRNA is not blocked by cycloheximide (Fi igs 

2, 3}. In the HeLa system, glucocorticoid induction of MT is 
ius not a consequence of protein synthesis-dependent Zn** 
uptake into the cells, as suggested by Failla and Cousins!’ for 
primary rat hepatocytes. 

Several of the currently studied steroid hormone induction 
systems are not primary induction responses. Hepatic 
induction of a2u-globulin MRNA by glucocorticoid hormones 
is inhibited by cycloheximide?*, in contrast to our results for 
glucocorticoid hormone induction of MT-mRNA. McKnight24 
has also reported that the induction in explants of chick 
oviduct of mRNA for both ovalbumin and conalbumin by 
oestrogen (or progesterone) ts blocked by inhibition of protein 
synthesis. A primary induction system such as the Dex 
induction of MT synthesis in HeLa cells, in which no 
intervening protein synthesis need occur, should be much more 
amenable to cell-free analysis of transcription contro! by 
steroid hormones. 

We conclude that (1) Dex and Zn?* both lead to an 
elevation of the mRNA for MT in HeLa cells, (2) the elevation 
is dependent on de novo RNA synthesis (inhibition by 
actmomycin D), (3) the elevation is independent of de novo 
protein synthesis (insensitivity to cycloheximide), and (4) the 
elevation is not dependent on increased Zn?* transport (Table 
1), MT induction by both Dex and Zn?* is a primary 
induction response!®, that is. it is not dependent on the 
induced synthesis of any protein intermediates. The MT 
induction system should provide an excellent experimental 
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model both for the study of the physiolo; ies reputation by 
glucocorticoid hormones of Zn** metabolism and for the 
elucidation of the control mechanisms responsible for 
regulation of gene expression in eukaryotes by heavy metals 
and glucocorticoids. ere 

This work was supported by DOE Contract DE AM03 76 
SF00012 and EPA Contract [AG-D5-E-68 -AQ. Film scanning 
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Independent replication and expression 
of B-component 
RNA of cowpea mosaic virus 
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Cowpea mosaic virus (CPMV) is a plant virus with a split 
genome, composed of two single-stranded plus-type RNA 
molecules which are separately encapsi tated in two {bottom and 
middle) nucleoprotein particles’. The protein capsids of the 
bottom (B) and middle (M) component are similar and consist 
of two proteins in equimolar amounts**. Both B and M 
components are necessary for virus multiplication, indicating that 
the genetic information is distributed between both {B and M) 
RNAs‘. However, little is known about the location of g genes on 
either RNA and the reason for a divided genome is unknown. 
Inoculation of cowpea protoplasts wita complete virus (M +B 
components) results in the synthesis of at least seven virus- 
specific polypeptides, including the capsid proteins“, We show 
here that on inoculation of protoplasts with the separated 
components, the B component RNA is replicated and expressed 
independently, whereas the M component RNA is not. The 
results presented suit a model in which B RNA codes for early 
functions and M RNA for late functiens during viral infection, 
supplying a possible explanation for the divided genome of 
CPMV. 

The molecular weights (MWs) of de and B RN boas are | 1.37 
x 10° and 2.02 x m a 
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5S' termini'':'*, Translation in a wheat-germ cell-free system 
and in extracts from rabbit reticulocytes results in the 
synthesis of large proteins which readily account for more 
than 80%, of the coding capacity of both M and B RNA!1?-15, 
Pelham'* has shown that in the reticulocyte system some 
processing of the large proteins occurs. However, no 
polypeptides corresponding to the viral coat proteins were 
observed. Mesophyll protoplasts can be isolated from the 
primary leaves of cowpea plants (Vigna unguiculata (L.)) and 
infected with CPMV'*®. We have analysed the proteins 
synthesized in this in vivo system after inoculation with 
separated B and M components. 

Figure 1 shows the electrophoretic patterns of the proteins 
from mock-infected protoplasts and protoplasts inoculated 
with M, B or the mixture of M+B components. In agreement 
with earlier results’*, protoplasts infected with M+B 
components produce seven virus-specific polypeptides of MWs 
176,000, 110,000, 87,000, 84,000, 37,000, 30,000 and 23,000. The 
polypeptide pattern obtained from protoplasts infected with M 
component alone is similar to that of the uninfected 
protoplasts. No virus-specific proteins were detected. In 
contrast, protoplasts infected with B component alone produce 
all virus-specific polypeptides with the exception of the (37,000 
and 23,000 MW) capsid proteins. No immunoprecipitate with 
antiserum against virions was obtained from protoplasts 
infected with either M or B components, confirming the 
absence of coat proteins. The total of the MWs of the five B 
RNA-coded polypeptides greatly exceeds the coding capacity 
of the RNA. Peptide fingerprint experiments, using 
Staphylococcus aureus V8 protease, have shown, however, that 
the polypeptides of MWs 110,000, 87,000 and 84,000 are 
derived from the 170,000MW polypeptide by post- 
translational cleavage (data not shown). The results shown in 
Fig. 1 raise the question of why B RNA alone can be 
expressed whereas M RNA cannot. Two possible explanations 
can be given. First, M RNA can only be translated when B 
RNA or B RNA-coded proteins are present in the cell. This 
explanation seems improbable as M RNA is readily mon 
in vitro. Second, B RNA codes for the viral replicase! ™ t? and 
on infection of protoplasts with B component, B RNA is 
replicated to give a large quantity of RNA subsequently 
directing detectable translation. Translation of M RNA in 
protoplasts remains undetectable because multiplication of M 
RNA does not occur. 











Table 1} Replicase activity in cowpea protoplasts inoculated with 
CENNY components 
Protoplasts `H-UTP incorporation 


per 13x 10° protoplasts (c.p.m.) 


inoculated with 


5,492 

M 5,688 

B 17,876 
M+B 17,332 





Portions of 13x 10° protoplasts were inoculated with 3.5ug M, 
3.5pg B or 7pg (1:1 mixture) M+B components and incubated as 
described elsewhere’. The cells were collected 42h after inoculation. 
resuspended in | ml of 50mM Tris-HAc (pH 7.4), 1OmM KAc, I mM 
EDTA. 10mM dithioerythritol (DTE) and 0.5mM 
phenylmethylsulphonylfluoride (PMSF) and disrupted at O°C in a 
Thomas homogenizer with a Teflon pestle. Cell homogenates were 
centrifuged at 1,000g for 15min. The supernatants were adjusted to 
20°% (v/v) glycerol and centrifuged at 31,000g for 30min. The 31,000g 
pellets were resuspended in 0.4mil 50mM Tris-HAc (pH 8.2), 25%, 
(v/v) glycerol, 50mM KAc, [mM EDTA, 10mM DTE and 0.5mM 
PMSF. 7H-UTP incorporation in the resuspended 31,000g pellets 
was measured in standard replicase assay conditions’. Although the 
ratio between the activities of uninfected and M + B-infected cells is 
only slightly more than 3, it was reproducible in other experiments. 
Moreover, in time course experiments (not shown) it was found that 
the extra activity in Rk ponccuae! ales was iaduced at pe: 30h 
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Fig. I linear 


gradient gel of 


**S-labelled proteins from uninfected protoplasts 
{—} protoplasts inoculated with purified M components {M}, 
purified B component {B}, and complete virus {M +B). CPMV 
was grown in Vigna unguiculata L. ‘blackeye early ramshorn’ and 


Analysis on a SDS-polyacrylamide 


purified as previously described’. M and B components were 
separated by three cycles of centrifugation in a linear 15-30%, 
zonal sucrose gradient (Beckman Ti 15 rotor, 16h, 23,000r.p.m, 
at 10°C). By- means of the local lesion infectivity assay'® it was 
determined that M components were free of B and that B 
components contained less than 0.2%, M. Portions of protoplasts 
(5ml, 5« 10° ml~?) were mock-infected or inoculated with 7 pig 
M, Tyg B or I4ug (1:1 mixture) M +B virus components and 
labelled with 150uCi *°S-methionine 20-25h after infection as 
described in detail elsewhere’. Neither actinomycin D nor any 
other inhibitor of host protein synthesis was added in this 
experiment. Soluble protein fractions (31,000g¢ supernatants) were 
prepared and electrophoresed {using equal amounts of 
pace) as a aul In ne M oi the 


e visible as | in he B slot, as most See is cana in 
the capsid proteins (37,000 and 23,000 MW). MW markers used 
were: Escherichia coli RNA polymerase subunits (MWs 165,000 
and 155,000), E. coli p-galactosidase (116,200), phosphorylase a 
(92,500), human transferrin (80,000), bovine serum albumin 
(68,000), catalase (57,500), y-globulin ($4,000 and 23,500}. 
ovalbumin (46,000), lactate dehydrogenase (35,000) and tobacco 
mosaic virus coat protein (17,500). 


To test the latter hypothesis. the RNA replicase activity was 
examined in infected and uninfected protoplasts using the 
assay conditions for CPMV replicase as described by Zabel et 
al.'7'®8 The results presented in Table 1 show that in 
protoplasts infected with a mixture of M+B the *H-UTP- 
incorporating activity increases three times over the activity 
measured in uninfected protoplasts. A similar increase in 
activity occurs in protoplasts infected with B component but 
not in those infected with M component. This finding 
strengthens the suggestion that B RNA contains information 
essential for viral RNA replication. This suggestion was 
substantiated by analysing the RNAs produced. Protoplasts 
inoculated with M. B or M+B components, or uninfected, 
were labelled by incubation with **PO, 20-25h after 
inoculation and then analysed for RNA. As shown in Fig. 2 
protoplasts infected with a mixture of M + B components 
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produce two RNAs which co-migrate with standard CPMV B 
RNA and M RNA. These RNAs are absent in uninfected 
protoplasts as well as in protoplasts infected with M 
component. However, protoplasts inoculated with B 
component efficiently produce **P-labelled B RNA. This 
finding verifies that B RNA replicates independently whereas 
M RNA does not. 

The absence of M RNA (or fragments of M RNA) in 
protoplasts infected independently with M or B components 
was checked using cDNA made from B and M RNA. The 
results of the hybridization experiments presented in Table 2 
show that M RNA is not synthesized in protoplasts inoculated 
with M component alone, whereas in protoplasts inoculated 
with the M+B mixture this RNA is readily detected. The 
results confirm that B RNA is made in protoplasts infected 
with B component alone. The amount of B RNA produced in 
these cells is comparable with the amount of this RNA in 
protoplasts infected with M+B, consistent with the 
independent expression of B as shown in Fig. 1. To a certain 
degree CPMV resembles another two-component virus, 
tobacco rattle virus (TRV). The large RNA of TRV is also 
able to replicate independently, whereas no coat protein is 
produced’. CPMV differs from TRV, however, in that 
inoculation of plants with B component does not result in 
infection detectable by local lesions. 

The data obtained from the present experiments provide 
evidence that B RNA can be independently replicated, 
implying that this RNA codes for a protein involved in 
replication. Although in theory B RNA (but not M RNA) may 
code for a protein inducing the expression of a host gene, this 
possibility is very unlikely. A host gene must be proposed, 
which is ‘sleeping’ in normal (uninfected) conditions and acting 
harmfully during infection. It is plausible that B RNA codes 
for the viral replicase or a subunit of this enzyme. Zabel et 
al.'":'® have isolated CPMV RNA replicase from virus- 
infected cowpea leaves and have shown that such replicase 
preparations contain a protein which binds CPMV RNA 
specifically and is absent in control preparations from healthy 
leaves. Together, these findings favour the hypothesis that 
CPMV RNA carries information for a protein required for 
viral RNA replication. They do not support the idea that 
plant viral RNA is replicated by a host enzyme, as has been 
suggested?°-??_ 

The results shown here suggest that M RNA codes for both 
capsid proteins, these being the only viral proteins absent in 
protoplasts infected with B component. A similar conclusion is 
reached from complementation studies using particles from 
different CPMV isolates?*:?*. The results are consistent with a 
model for the distribution of genes among the components of 
CPMV in which B RNA exclusively codes for early proteins 
(for example, the replicase or replicase subunit(s)) and M RNA 
for late proteins (for example, both capsid proteins). The 
usefulness of the split genome would therefore lie in its ability 
to regulate separately the expression of early and late genes. 





Table 2 Hybridization of *?P-labelled RNA from infected and 
uninfected protoplasts with cDNA made from B and M RNA 





Hybridization (c.p.m.) to 


*2P-RNA from protoplasts Calf thymus 
inoculated with M cDNA B cDNA DNA 
165 122 93 
M 173 147 130 
B 290 2,966 161 
M+B 1,665 2,342 152 


Protoplasts were incubated with **P-orthophosphate 20-25h after 
inoculation. For details see Fig. 2 legend. Portions of 100,000 c.p.m. 
**P-RNA were hybridized to lug of filter-bound DNA for 18h in 
0.45M NaCl and 0.045M Na-citrate (pH 7.0) at 65°C, essentially as 
described by R.G. et al.?°. Complementary DNA from purified M and 
B RNA (M cDNA and B cDNA, respectively) was made as previously 
described?°, 


ee, 





Fig. 2 Agarose gel electrophoresis of glycxal-denatured RNAs 
from protoplasts infected with CPMV components. Portions of 
protoplasts (Sml, 5x10°mi~') were inoculated with virus 
components as described in Fig. 1 legend. The cells were 
collected 20h after inoculation, resuspended in phosphate- 
deficient medium’ (10° cells ml~') and labelled for Sh with °?P- 
orthophosphate (1 mCiml~') in the presence of actinomycin D 
(15g ml~'). Total cell RNA was isolated by heating the cells for 
Smin at 60°C in a detergent mix (2% p-aminosalicylate, 1° Na- 
deoxycholate, 0.5%, tri-isopropylnaphthalene sulphonate and 2% 
Sarkosyl in 50mM Tris-HCI] (pH 8.2) and 0.1M NaCl) and 
centrifugation of the lysate on a 5.7 M CsCl cushion according to 
Glišin et al.*". Yields were: uninfected cells, 840g (7,900c.p.m. 
per pg); M-inoculated cells, 780yg (8,200c.p.m. per yg); B- 
inoculated cells, 860g (10,200c.p.m. per pg); M+B inoculated 
cells, 790j1g (9,400c.p.m. per ug); c.p.m. were measured by 
scintillation counting. RNA samples (comprising 20,000c.p.m.) 
from uninfected (—) protoplasts and those inoculated with M, B 
and M+B components were denatured with glyoxal and 
electrophoresed in a 1.5% agarose gel accerding to McMaster 
and Carmichael**®. After the run the gel was dried and 
autoradiographed. B and M below the origin indicate the position 
of standard (unlabelled) virion B and M RNA in the gel. 
Recently, it has been reported?’ that the poly(A) tail of M RNA 
is heterogeneous in length (50-400 residues), whereas the length 
distribution of the poly(A) tail in B RNA shows a narrow 
distribution (50-150 residues). This heterogeneity is visible in the 
gel, where the band of B RNA is sharp but the band of M RNA 
rather diffuse. 


We thank Drs J. Stanley and P. Zabel for helpful comments 
and Mr J. Verver for carrying out the RNA electrophoresis 
experiments. This work was supported by the Netherlands 
Foundation for Chemical Research (SON) with financial aid 
from the Netherlands Organization for the Advancement of 
Pure Research (ZWO). 
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Compressed microfibril 
models of the native collagen fibril 
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A three-dimensional crystal model for packing of collagen 
melecules (type 1) in the native fibril has recently been proposed 
by Hulmes and Miller’. It provides a straightforward 
explanation of the major features of the X-ray diffraction 
pattern, and is consistent with measurements of fibril density. 
However, there is independent evidence for a well defined 
microfibrillar substructure, which is absent from their model. 
This evidence, which is derived from electron microscopy” and 
studies of in vitro assembly°’, the pattern of covalent cross- 
links* and sequence analysis” o, is convincing. Therefore, we 
have searched for a means to reconcile this conflict. We now 
propose two models which contain five-stranded microfibrils 
compressed to place molecules (in cross-section) on a pseudo- 
hexagonal lattice. The unit cells are equivalent or related to the 
cell proposed by Hulmes and Miller'. In the simplest case, 
melecules, and thus microfibrils, are straight-tilted. However, it 
is not ruled out that molecules are supercoiled and microfibrils 
are straight. Noncrystallographic considerations*””'" favour 
supercoiling. 

The five-stranded microfibril in which D-staggered collagen 
molecules (D=67nm) form a $, or 5, helix (Fig. 1A), 
originally proposed by Smith'', has been the most widely 
accepted model for packing of collagen molecules. In the 
original interpretation by Miller and colleagues'?~'* of the X- 
ray diffraction pattern, the unit cell contained four S-fold 
microfibrils in a tetragonal unit cell. A more, recent study?’ 
suggests a sheared tetragonal cell. In the present study we 
retain the microfibril but compress it to place molecules on a 





Tanie 1 Observed and calculated equatorial row-line spacings 
Model I Model 2 
Observed Smaller cell Larger cell 
3.800 LITO) 3.777 (1,0) 3.777 (1,1) 
3.837 (1, — 1) 3.837 (2,0) 
2.651 2.582 (1, — 1) 2.582 (1, ~ 2) 2.621 (i, — 2) 
2.461 2.436 (0,1) 2.436(0, 2) 2.436 (2, — 2) 
1.890 1.889 (2,0) 1.889 (2,0) 1.889 (2.2) 
1.748 1.748 (1.1) 1.748 (1,2) 1.748 (1, ~3) 
EST- o O 1.560 (2,1) 1.560 (1,3) 
1.503 Ree 2 1.505 (5. — 2) 
1.369 1.369 (3, — 1) 1.369 (3, ~ 2) 1.369 (5,1) 
1.328 1.328 (1, — 2) 1.328 (1, - 4) 1.328 (6, —1!) 
1.264 1.264 {2,1) 1.264 (2, 2) 1.264 (0, 4) 
yas a a a a ae tir 
+ 
For convenience real spacings are given. Units are nanometres. 
Indices are shown in parentheses. Observed row-line s Pae are from 
rat tail ci eee For descriptions of models 1 and 2. see Figs 2 
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Fig, § Schematic representations of one end of a S-fold 
microfibril of collagen molecules (4) and its conversion to a 
compressed microfibril where molecules in cross-section lie on a 
pseudo-hexagonal lattice (B) D=67nm,. The numbers designate 
the D segment cut in the cross-section. Molecules may be straight 
as shown or supercoiled. 


pseudo-hexagonal lattice as illustrated in Fig. 1B. As proposed 
by Hulmes and Miller’, we assume that the three strong X-ray 
diffraction reflections in the equatorial region with row-line 
spacings of 1/1.369, 1/1.328 and 1/1.264nm~' are the 
reciprocal distances between planes of molecules in the three 
sets that define the pseudo-hexagonal lattice. We suggest that 
a microfibril in isolation or in small bundles may have a 
symmetrical or loosely symmetrical 5-fold cross-section but 
that in large bundles (fibrils) the internal crystal energy is 
sufficient to distort the helix and force molecules onto a 
hexagonal lattice. Molecules may be straight or supercoiled, as 


discussed below. We envisage supercoiling as being 
accommodated by tilts of molecular segments, the angle 


varying about some average value. As a molecule coils about 
the microfibril axis it would appear at successive lattice points 
within the compressed muicrofibril cross-section. The 
trapezoidal cross-section, in general, would not rotate. The 
distortion required is consistent with NMR studies'® '* which 
have shown that since collagen molecules in the native fibril are in 
rapid segmental motion in directions perpendicular to the 
fibril axis, intermolecular interactions must be fluid. In 
addition, systematic as well as random deviations from the 
lattice are possible as long as a large portion of the protein 
density is near the lattice planes. That ts, the actual structure 
of the microfibril may be between the two extremes illustrated 
in Fig. IB. 

In model | the compressed microfibrils are arranged in a 
hexagonal pattern as shown in Fig. 2. Every point on the 
lattice of molecules is occupied and the unit cell contains a D 
segment of one microfibril. The unit cell is equivalent to that 
proposed by Hulmes and Miller’, but the arrangement of 
molecules within the cell is different. Table [| shows the 
Ap pawe SA Ee and calculated row-line spacings. 

i the unit cell can be drawn in two 
adva alent ways, one T which was selected by Hulmes and 
Millert. We have used the other because it is directly related 
to the unit cell of model 2. 

The simplest way to explain the equatorial position of the 
1/1,264-nm~' reflection and the off-equatorial positions of the 
1/1.328- and 1/1.369-nm~' reflections is to straight-tilt 
molecules in the direction of the 1.264-nm plane so the ulung 
vector is O° normal to that plane but about 4 normal to the 
other two planes. Here also. the unit cell of our model 1 is 
equivalent to the Hulmes and Miller’ cell and thus provides as 
satisfactory an explanation of the X-ray diffraction pattern 
insofar as the analysis has been developed. However, we do 
not rule out the possibility that molecules are supercoiled 
about the microfibril axis rather than straight-tilted. The 
strong reflections near 1/1.3nm~' would then be explained by 
sampling of the transform of the supercoiled molecules. 
Because distorted piclices are involved, this more Sores 
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situation requires a more complex analysis, which we have not ` 


attempted. 

The advantage of supercoiled molecules is that the 
microfibrils are better defined and thus provide a better 
explanation of evidence for a mucrofibnilar substructure, 
already quoted. For example, ın vitro studies ©? have shown 
that assembly of native fibrils from collagen monomer is a 
stepwise process involving thin filaments as intermediates. 
Lateral association of supercoiled microfibrils is consistent 
with these data whereas assembly of straight-tilted molecules 
implies a three-dimensional crystallization. Also, regularities in 
the amino acid sequence can be explained by supercoiling of 
molecules in a microfibril® +°, . 

In model 2 we assume that the asymmetric unit contains D 
segments of two compressed microfibrils related by a 
noncrystallographic 2-fold axis. We have examined all possible 
arrangements and find one (Fig. 3A) in which the unit ‘cell 
(Fig. 3B, smaller cell) accurately predicts the observed 
reflections in the near-equatorial region of _the X-ray 
diffraction pattern (Table 1). The unit cell contains one 
asymmetric unit and its dimensions, not surprisingly in 
retrospect, are the same as those of the unit cell ın model 1 
except that one dimension 1s doubled. The advantage of model 
2 is that it predicts one of two observed weak reflections not 
predicted by model 1, and it predicts a second reflection near 
the critical reflection at 1/3.8nm7! (Table 1). Both predicted 
reflections near 1/3.8nm~‘ arise from important structural 
features of the model (Fig. 3B) and thus both could be present 
but unresolved. 

If the unit cell in model 2 ıs doubled (Fig. 3B), the second of 
the two reflections not predicted by model 1 is present and the 
fit to the observed reflection at 1/265l1nm~* is markedly 
improved (Table 1, larger cell). That is, the true unit cell may 
contain four compressed mucrofibrils. If so, they must in some 
sense be non-equivalent. The situation may be analogous to 
the earlier interpretation’?~'* of the X-ray diffraction data in 
which the unit cell contained four 5-fold microfibrils related by 
a 4fold screw axis. Therefore, some of the arguments based on 
that model may still be valid. For example, the larger unit cell 
is consistent with recent electron microscopic evidence? for an 
8-nm unit in collagen fibrils. Regularities in the amino acid 
sequence have also been interpreted in terms of a 4-fold screw 
axis™ 1°, results which are not inconsistent with the distortion 
required for hexagonal packing of supercoiled molecules. 

As in model 1, molecules in model 2 may be straight-tilted 
or supercoiled. The same arguments hold. A somewhat 
stronger case may be made for supercoiling in model 2 as the 
tilting vectors arising from the supercoil will be largely parallel 
to the long axes of the compressed microfibnil cross-sections, 
which he in the 1.264-nm planes. As already noted, this 
spacing gives rise to an equatorial reflection whereas the 1.369- 





-Fig. 2 Model 1..One posmble arrangement of molecules in a 
native collagen fibri The hnes join sets of five molecules 
‘constituting a microfibml (Fig. 1). The lattice spacings are given 
‘i nanometres, The unit cell (dashed lines) has dimensions a - 
=2668nm, b=4,136nm and y=11404° and contains one 
. mirofibril. ~ i 
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Fig. 3 Model 2 A, A second posnble arrangement of molecules 
in a native collagen fibril. The lines join sets of five molecules 
constituting a microfibnil (Fig. 1) The shading designates a group 
of four microfibrils which in the larger umt cell constitute the 
true repeating unit. B, The same arrangement showing the larger 
(solid lines) and smaller (dashed lines) unit cells, some of the 
major spacings and the dimensions of the larger unit cell 
Distances are given in nanometres The dimensions of the smaller 
unt cell are a—5335nm, b6=4136nm and y=11404° Tho 
dotted line halves the smaller cell and defines a pseudo-cell 
identical to the unit cell of model 1. 


and 1.328nm planes give rise to reflections that are off- 
equatonal. However, a detailed analysis hes not been done. 

Of course, the unit cell in model 1 can be doubled or 
quadrupled and microfibnis made non-equivalent; the unit 
cells of models 1 and 2 become identical. Therefore, evidence 
for a large unit cell does not favour one model over the other. 
It is also possible that different arrangements of microfibrils 
with varying degrees of order exist within a group of fibrils. 

Further analysis and perhaps independent evidence will be 
needed to provide a definitive answer..What we have shown is 
that hexagonal packing of molecules is not inconsistent with 
some type of ordered microfibrillar substructure. 

We thank Drs Hulmes and Miller for a copy of their 
manuscript! before its publication. 


Note added in proof: We have recently learned that Katz and 
Lit? in 1973 proposed the general idea that mucrofibrillar 


structures (5- and 7-stranded) could be contained within a 
hexagonal lattice of collagen molecules. 
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Structure of cytochrome c’: 
a dimeric, high-spin haem protein 
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The bacterial cytochromes c’ (ref. 1) occur in various 
photosynthetic and denitrifying bacteria, where they are 
presumed to function in electron transport’. Most cytochromes 
¢’ are isolated as dimeric molecules composed of two identical 
subunits of ~ 14,000 molecular weight (MW), with each 
polypeptide chain incorporating a protohaem IX prosthetic 
group covalently bound through thioether linkages formed by 
condensation of two cysteine side chains with the haem vinyl 
groups’. Although a similar mode of covalent haem attachment 
is found in members of the well studied mitochondrial 
cytochrome ¢ family’, the cytochromes c’ are, in contrast, high- 
spin haem proteins (hence the prime designation) which bind 
neutral ligands’, characteristic properties generally associated 
with members of the oxygen-binding globin family’. Here we 
present a preliminary structural description of the cytochrome c’ 
derived from the photosynthetic, purple non-sulphur bacterium 
Rhodospirillum molischianum, and show that it bears little 
structural resemblance to members of either the cytochrome c 
or globin structural families. The cytochrome c° monomer 
structure is, instead, principally organized as a left-twisted, 4-a- 
helical bundle, a structural motif previously observed in several 
other sequentially and functionally unrelated proteins’ ™. 

R. molischianum cytochrome œ crystallizes in the 
orthorhombic space group P2,2,2, (a=56.5A, b=TISA, 
‘= 75.6A) with a dimeric molecule (MW ~ 29,000) in the 
crystallographic asymmetric unit'*. Native and heavy atom 
(K,PtCl, and K,Hgl,) intensity data were collected from 
three crystals on the multiwire area detector developed by 
Xuong and co-workers at the University of California at San 
Diego'*'®, Heavy atom sites for the singly substituted 
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platinum and doubly substituted mercury derivatives were 
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Table 1 Data collection and phase refinement for R, molischianum 
cytochrome c 
Crystal Native Ka PICI? K Hgi,? 

No. of intensities 

measured 81,380/18,513 71,072/10.881 67,994/14,082 
(observations /unique 

reflections} 
Scaling R 0.062 0.074 0.068 
No. of reflections 

used in phase 

refinement 10,667 10,372 10,540 
RES 0.55 0.54 
Ry vn 0.084 0,095 
EFi = 0.37 0.48 
ECE == 0.23 0.25 
e NN a ee 


The overall figure of merit, m, to 2.5A resolution is 0.72. E, E” 
=r.m.s. differences between observed and calculated heavy atom and 
anomalous dispersion contributions, respectively. F,,= mean heavy 
atom contribution. 

*Platinum site at x/a=0.402, y/b=0.236, z/c= 0.144, B= 16.6 AZ. 

Mercury site 1 at x/a=0.082, y/b=0.073, z/c=0.061, B=32.0A?, 
and mercury site 2 at xfa=0.253, y/b=0.321, z/e=0.386, B=40.1 A2, 


Lili Fey + Fel —Fylcale)| 
Re EEn U e te for centric reflections, 
È| Foyt Fp! 
2 | Foy {obs ) a Foy (calc) 


Fp, (Obs) 


determined by deconvolution of the respective heavy atom 
difference Patterson maps and referred to a common origin by 
calculating a difference Fourier map for each derivative based 
on phases derived from the other. Anomalous dispersion 
effects arising. from the platinum and mercury derivatives were 
incorporated into the final phase refinement cycles (Table 1) as 
described by Matthews'’, giving an overall figure of merit of 
0.72 for the 10,667 independent reflections phased to 2.5A 
resolution. The resulting map was contoured to allow 
construction of a 2cmA~! Kendrew model of the dimer, 
which was built according to the established amino acid 
sequence of the molecule’*. Preliminary atomic coordinates 
were measured from the model using an electro-mechanical 
optical superpositioning device'?. Figure 1 shows a 
representative view of the electron density of the 2.5A 
resolution map, whose overall quality was sufficient to trace 
unambiguously the backbone chain and establish the mayority 
of the side-chain conformations. 


Fig. 1 Steroscopic view of a 
segment of the C helix (residues 
Glu 81, Phe, Leu, Glu, Gly, Tr 
86) superimposed on the 25h 
resolution MIR phased electron 
density map, showing a 
representative fit of the measured 
model coordinates. Prominent in 
the density are two aromatic 
residues situated in the protein 
interior and an external, solvent- 
exposed glutamate whose side 
chain is only partially defined at 
the present contour level which 
includes 15%, of the unit cell 
volume. 
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Fig. 2 Schematic representation of the R. molischianum 
cytochrome č dimer viewed down the molecular diad axis. The 
cytochrome c monomers are principally composed of four, 
roughly parallel a-helices shown here as sequentially labelled 
cylinders. The left-twisted 4-x-helical arrangement of the 
monomers is qualitatively repeated at the subunit interface, due 
to the pairwise interaction of two helices from each subunit. The 
haem groups, situated at one end of the helical bundle, are 
orientated roughly parallel to each other and to the subunit 
interface, with their propionate side chains pointed towards the 
molecular surface. Regions of essentially extended polypeptide 
chain {shaded} connect and terminate the helices in each 
monomer, Approximately one-half of the residues in the molecule 

exist in an g-helical conformation. 


Figures 2 and 3 show schematic and g-carbon stereo 
representations of the cytochrome ce dimer. Each subunit is 
composed of a  128-amino acid polypeptide chain 
incorporating a covalently bound protohaem IX prosthetic 
group. Structurally, each monomer is composed of four, 
roughly parallel a-helices (sequentially labelled A-D) 
connected by more or less extended loops which join adjacent 
helix ends. Additional regions extended 
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Fig. 3 Stemeoscopic a-carbon 
drawings of R. molisehianum 
cytochrome c. a Shows the 


structure from the same aspect as 





Fig. 2, (ooking down the 
molecular diad axis - at the 
molecular surface which has 
greatest haem exposure. The haem 
prosthetic groups, covalently 


bound near the carboxy termini, 
are separated in space by the two 
A helices, one from each subunit, 
which form the closest mter- 
helical interaction in the entire 
structure. The regions of extended 
polypeptide between helices are 
orientated towards this ‘haem 
side’ of the dimer. In contrast, the 
opposite sale shown in b is 
primarily composed of a-helices. 
The ~110" crossing angle 
between subunits gives the dimer 
a V-shaded appearance when 
viewed normal to the diad axis as 
in e 








of the monomer pack with an overall left-handed twist along 
the direction of the helix axes. However, the helices of the 
bundle distinctly diverge at one end to accommodate the haem 
prosthetic group. 

The cytochrome c monomers pack about a non- 
crystallographic diad axis at an angle between bundle axes of 
approximately 110°, giving the dimer a V-shaped appearance 
when viewed normal to the diad symmetry ax® (Fig. 3c). The 
subunit interaction is mediated by the pairwise interaction of 
the A and B helices of each monomer, to give a 4-x-helical, 
left-twisted AA’-BB’ bundle at the dimer interface whose 








geometry is qualitatively Gids to the arrangement of the 
helices within each monomer. The fact that the subunit 
interface interactions are similar to those within each 
monomer, both with respect to the hydrophobic nature of the 
amino acid residues involved and the overall similarity in 
extent and geometry of the x-helical interactions, provides an 
explanation for the observation that some homologous species 
of cytochrome c’ can only be dissociated in conditions which 
leac to protein aude? 

The protohaem IX prosthetic group in cytochrome c’ forms 
three covalent attachments with the polypeptide chain, all of 
which are derived from the pentapeptide sequence Cys-X-X- 
Cys-His at residues 118-122. Two of these are the haem 
thioether linkages which serve to orientate the haem so that its 
propionate-substituted edge lies roughly parallel to each 
monomer bundle axis, and roughly perpendicular to the dimer 
diad axis. The third haem—polypeptide interaction is formed 
by the fifth position axial ligation of the ferric haem iron with 
N*? of His 122. The sixth ligand ferric iron coordination site is 
either unoccupied or ligated by a solvent molecule, consistent 
with the high-spin character of the haem iron?™ 77. Space- 
filling representations of the molecular structure show the 
haem environment to be highly asymmetric, with the imidazole 
side chain of the fifth haem iron ligand and two-thirds of the 
corresponding haem surface being exposed to the solvent. In 
contrast, the distal haem surface, which faces towards the 
dimer interface, is surrounded by aromatic or otherwise 
hydrophobic amino acid residues. Many of these packing 
interactions are provided by residues of the A helix, which are 
orientated so as to restrict access of exogenous ligands to the 
sixth haem iron coordination site through the most direct 
route to the molecular surface. 

Because of the geometry of the monomer~monomer packing 
interaction, both haem groups of the molecule are situated on 
the same face of the dimer in nearly parallel orientation. 
Although this structural arrangement suggests that the haems 
of cytochrome c’ may be situated so as to allow their 
simultaneous interaction with some physiological 
oxidoreductase, it is equally possible that this arrangement 
provides the basis for inter-haem communication in the 
molecule. Of Pe eVa to the am BoE is the fact that 


ehka interaction in the entire e As described 
above, it is residues of the A helix which principally provide 
the packing interactions about the unliganded, distal haem 
surface. Thus, it seems possible that any local structural 
alterations accompanying haem ligation or oxidoreduction 
coun be communicated ena me haems due to the 


The Fei pal similarity ace the aa ios c’ and the 
mitochondrial cytochromes c is the common presence of a 


Cys-X-X-Cys-His sequence which provides the covalent 
attachment points and fifth axial ligand for the haem 


prosthetic group. Otherwise, the molecules are distinctly 
different with respect to overall chain folding, sequential 
location of the haem-binding peptide, spin state and extent of 
haem exposure to the solvent. Similarly, almost the only major 
feature shared by the cytochromes c’ and the globins is their 
high-spin haem character, the general nature of the haem 
environments being otherwise quite different in the two 
molecules. Nevertheless, the fact that the cytochromes c’ and 
globins are both high-spin haem proteins which can ‘bind 
exogenous ligands and occur in both monomeric and higher 
aggregate forms”: î, suggests interesting parallels between these 
molecules which require further investigation. 

This work and facilities were supported by NIH grants 
GM18528-11 to M.D.K, RCDAKO4EY00I3) to. M.A.C, 
GM20102, RRO@757, to N.H.X., and GM21534, GM25664 to 
F.R.S. and NSF grants GB36019X to M.D.K., PCM7804349 
to MAC. and PCM7722495 to N.H.X. Structure 
determination was done in partial fulfilment of the 
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The cytochromes c function as single-electron carriers in the 
mitochondrial electron transport chain™?. The native structures 
of the proteins from different species are quite similar'*, as are 
the structures of the reduced and oxidized forms**. The 103- 
residue polypeptide chain of tuna cytochrome c contains 5 2- 
helical segments (residues 2~13, 50-54, 61-69, 71-74, 89-100); 
the haem group is almost completely buried in a hydrophobic 
pocket and is covalently bonded to the polypeptide chain by 
thioether linkages involving Cys 14 and Cys 17 and by linkages 
to the iron involving His 18 and Met 80 (refs 1-3). NMR°*° and 
hydrogen exchange”* studies indicate significant internal 
mobility in cytochrome c. In spite of the apparent similarity of 
the time-average structures of the reduced and oxidized proteins, 
the structural fluctuations are significantly larger in the latter 
form’. It has been suggested that the internal motions have a 
role in the electron transfer mechanism*’. A 16-ps computer 
simulation“ of the atomic motions in reduced tuna 
cytochrome c has now been completed; this reveals various 
correlations between the magnitudes of the atemic position 
fluctuations and the structural features of the protein. 

The dynamical simulation method used here is similar to 
that used in earlier studies of the pancreatic trypsin 
inhibitor!®. The protein potential energy function consists of a 
sum of terms associated with bonds, bond angles, dihedral 
angles, hydrogen bonds and nonbonded (van der Waals and 
electrostatic) interactions. The partial charges of the atoms 
have been reduced according to the distances of the atoms 
from the protein centre to approximate dielectric screening 
effects due to surrounding water'®. To begin the simulation, 
the protein was dynamically equilibrated as follows. The X-ray 
structure'®:!? was first subjected to 100 cycles of steepest 
descent energy minimization’® to relax any sizeable local 
stresses. The atoms were then assigned random mawe Nan 
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velocities corresponding to a temperature of SOK and the 


classical equations of motion were solved for a 2-ps period 
using the fifth order Gear algorithm’®. Repeated velocity 
assignments corresponding to increasing temperatures followed 
by 2-ps periods of dynamical relaxation were used to bring the 
protein to a final average temperature of 297K: the total 
period of temperature adjustment was 12 ps. To equilibrate the 
protein further, the dynamics was continued for 20ps; the 
average temperature remained at 297K. The actual simulation 
was obtained by continuing the run for an additional 16 ps. 

The time-average structure from the simulation is quite 
similar to the 2.0-A resolution X-ray structure'®, except that 
several exposed, flexible sidechains have folded down on to the 
protein surface. The average r.m.s. deviation of C* positions ts 
1.58 A, while that for all heavy atoms is 1.90 A. There is some 
correlation between the residues with the largest deviations 
and those which have somewhat different positions in different 
crystal structures. The largest deviations occur at the protein 
surface, particularly in the exposed sidechains of Lys 25, 27, 
39, 72, 73 and 87 and Arg 38, where some atoms moved nearly 
9A. Concomitant with these sidechain shifts, the accessible 
contact surface area of the protein as determined by Richards’ 
method'? with a probe of 1.4-A radius decreased from 
1,751 A? for the X-ray structure to 1,440 A? for the dynamical 
average structure. 

The fluctuations of the atoms about their average positions 
are sizeable and show interesting correlations with the time- 
average structure. The average r.m.s. fluctuation of the C* 
positions is 0.70A and that of all heavy atoms is 0.85A. To 
compare interior and exterior fluctuations, averages were 
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Fig. | a, Average r.m.s. atomic position fluctuation for each 
residue. Arrows indicate the residues (14, 17, 18 and 80) that are 
covalently bonded to the haem group. b, rms. position 
fluctuations of the C* atoms. Bars are drawn to indicate the g- 
helical segments. c, Exposed surface area of each residue in the 
dynamical average structure, divided by the number of heavy 
atoms in the residue. The exposed surface area is the accessible 
contact surface area as calculated by Richards's method” using a 
probe of 1.4-A radius. 
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calculated for atoms in spherical shells of 3-4 thickness 
centred at the protein centre of mass. Shells with outer radii 
greater than 12A contain exterior atoms, because the average 
atomic density decreases rapidly with increasing radius for 
such shells. In the interior, the fluctuations are relatively small 
and increase slowly with shell size; the average rms. 
fluctuations are 0.66, 0.70 and 0.73 A for shells with outer radii 
of 6, 9 and 12A, respectively. In the exterior, the 
corresponding results are 0.98, 1.05 and 1.64A for shells with 
outer radii of 15, 18 and 21 A, respectively. The average r.m.s. 
fluctuations for individual residues are correlated with their 
relative surface exposures in the time-average structure, with 
more exposed residues exhibiting larger fluctuations 
(Fig. la.c). 

The haem group is expected to be relatively rigid due to the 
extensive pi electron delocalization in its ring system. The 
average r.m.s. fluctuation of the haem atom positions Is 
0.51 A, which is significantly smaller than that of the other 
atoms in the protein interior. To assess the effect of the haem 
group on the mobility of nearby polypeptide atoms, a haem . 
neighbourhood was defined by two cylindrical disks of 6-A 
radius and 6-A thickness lying on either side of the haem and 
coaxial with the iron. The average r.m.s. fluctuation of the 56 
heavy atoms in this neighbourhood is 0.64 Å, compared with 
0.72A for the other 411 heavy atoms of the protein interior, 
The average r.m.s. fluctuations are larger in the disk on the 
Met 80 side (0.71A) than in the disk on the His 18 side 
(0.56 A). 

The position fluctuations of the backbone atoms show a 
correlation with secondary structure (Fig. Lb). The average 
r.m.s, fluctuation of C* positions in the « helices is 0.65 A, 
while that of the other C* atoms is 0.72 A. Within the a helices, 
residues which have the smallest surface exposures tend to 
have the smallest fluctuations (for example, residues 6, 9, 10, 
52, 64, 67, 71 and 74 in Fig. la, c). 

The correlations of atomic mobility with structural features 
in cytochrome c are in general accord with the results of 
theoretical!®-!+ and = experimental*°:*? studies of other 
proteins. Relatively small fluctuations of interior atoms and of 
backbone atoms in regions of secondary structure were found 
in simulation studies of the pancreatic trypsin inhibitor’'~'* 
and in analyses of the X-ray temperature factors for 
myoglobin’? and lysozyme*!. The myoglobin study’? also 
revealed an asymmetrical reduction in the fluctuations of 
protein atoms on the two sides of the haem group. 

The dynamical simulation described here is being repeated 
with more rigorous equilibration. The magnitudes of the 
fluctuations will apparently be somewhat smaller, but the 
structural correlations will be unchanged. Detailed accounts of 
this simulation and of a planned simulation of the oxidized 
form will be presented in the future. 

This work was supported in part by the NSF and by the 
Petroleum Research Fund, administered by the American 
Chemical Society. S.H.N. is a Robert A. Welch Foundation 
Postdoctoral Fellow. 
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Cometary evidence against 
the solar companion 


Witkins’ has concluded, from his 
computation of 
cometary orbits, that the Sun cannot 
have a fast moving neutron star as a 
companion, His results exclude all 
objects other than a massive black hole 
(350M,) with velocityg 10° kms} as 
adie for the solar companion 
whose existence was proposed by 
Harrison’. In a previous paper? I 
performed a closely similar calculation 
and concluded that an object of solar 
mass cannot be ruled out as a solar 
companion on the basis of cometary 
evidence, provided that its speed exceeds 
20kms”. Our results are thus in 
conflict by several orders of magnitude. 

In equation (8) of Wilkins’ paper, the 
perturbation of a comet's energy is given, 
to an order of magnitude, by the 
difference in the potential exerted by the 
companion at the end points of the 
comet's orbit, that is 


“gi COS 0 


AE ~ Gm, ? 
D D 


If m, and D are now increased, such that 
the ratio m,/D* remains constant, the 
resulting perturbation is unchanged. This 
means that the perturbation as calculated 
by Wilkins would still exist if the Sun 
and comet were freely failing in a 
uniform gravitational field; the 
calculation must therefore be in error. 

A correct evluation of the perturbation 
of the cometary orbit uses the gradient of 
the disturbing function due to the 
companion*, as in equation (9) of ref. 3. 
In this case the perturbation 


1° 
al: ja Gm, {Dv 


É 


goes to zero as D becomes large, since 
the velocity v scales with D. 
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WILKINS REPLIES 


the luminosity criteria of Pineault’. But 
its supposed distance (15,000AU) and 
mass may need to be increased 


severalfold, 

Note that Kirk uses a different reference 
frame to calculate £, the specific energy 
(per unit mass) of the comet (K). Kirk 
finds & relative to the instantaneous rest 
frame of the Sun (S), which is accelerated 
by the companion (C). I, however, 
determine ep relative to a fixed inertial 
frame, that of the Sun at apparition, 
These energies increase (A) as follows: 


Ag = l] (fox — fcs} (Yg — Ys) dt (1) 


Asp = | fek 'Ykdi— f fks ysdt (2) 
(In general & is the total energy of the 
binary system K-S referred to its centre 
of mass, divided by its reduced mass.) 
Here f, is the force (per unit comet 
mass} of body i on j. Equation (1) is the 
integral form of Kirk's equation (9), 
whine of alee notation. eee 


+ Vg: aie ve) tv], which also fillows 
from the definitions of £p; Because the 


cross-term vanishes for a parabolic 
comet and because the last term 
=(Gm Rey, where R=fcs at 


apparition, is small, Ag, = Ag. 

The discrepancy between my results 
and those of Kirk arose from my teo- 
crude approximation for the first integral 
of equation (2), and the second integral 
should have been three times larger than 
in my equation {6) Thus I did not 


realize that the two integrals would 
cancel almost completely, leaving a 


difference smaller than either by about 
r/R (defined after equation (3)). 

A head-on approach of C towards S, 
at high speed re=constant, can be 
calculated analytically. Introducing the 
semi-major axis a through l/a= 
— 26,/Gmg, one finds 


(Laj= = na pa z A 


(3) 


ý is the polar angle from axis CS about 
S. of the comet's zero-energy radial infall 
j the Sun: the comet’s distance from the 
Sun at a time 2R/r- before apparition ts 
denoted by — r,= (9Gm,/2)' (2R/uc)’. 
Averaging over the isotropic flux of 
comets, one finds that the mean value of 
La is unchanged, but its rms. spread 
due to C. equals Ga 
x (te, ms) RyYR-'. Demanding that 
ge<2x 10° au! {as for comets 
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without non-gravitational forces*) and 
setting ¢-=Gm,/R* yields the constraint 


(gc/107 fem? F (R/10 aU)? 
x (30kms twe) <0.86 (4) 


If, for example, the first two factors are 
each unity, this gives v.>32kms"}, 
exceeding Kirk’s estimate. Actually, the 
lower limit should be still larger because 
an off-side collision prolongs the epoch 
of closest approach and unless vo were 
augmented, coe would increase. 
The smallness of 
perturbations, however, forbids a close 
encounter unless the companion has 
speeds well above l0*kms `}. Let T 
=2R/v. be the effective transit time 
(10? yr for R=10°? au, re=10°kms" t), 
Neptune’s known perturbations roughly 
limit 


Neptune’s 


„T >170yr (a) 


‘(T7470 yr), T<170yr (b) 
(5) 


(Gmc/R TIN 


to less? than 1.2x1074łs7?, Case (a) 


yields 


R>5.3 x 10* au (gc/107° cms?) (6) 


This excludes a close approach lasting 
more than 170yr. Only a briefer 
encounter, case (b), permits R ~ 10° au, if 
the speed is high enough: 


vc>440kms™'{R/10° av) 
x (gc/107 f ems~7}3 (7) 


This easily predominates the 
cometary limit above. 

My article gave a limit on R three 
times smaller than in equation (6) 
because | had adopted the allowed tidal 
gradient* for a companion in circular 
orbit at reg S75au, which turns out 
unexpectedly to be three times larger 
than the value? for reg=150—600aU. 
Equations (5), (6) use the latter value, 
assuming that it has already stabilized at 
its large-distance limit. 


over 


Note added in proof: In work to be 
published I confirm that the right side of 
equation (4) never exceeds 0.86 for any 
fast encounter. 
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Redshifts and distances 


In the recent review by Burbidge’ I had 
expected to find a wide ranging 
discussion of all the important evidence 
- both for and against cosmological origin 
~~ of quasar redshifts. However, no mention 
is made of how the continuity of 
properties between galaxies and QSOs 
and amongst QSOs themselves supports 
the cosmological interpretation of all 
QSO redshifts, or how the 
number/redshift distribution of bright 
QSOs is found to be incompatible with 
non-cosmological redshifts’. Even within 
his rather restricted brief (dealing only 
with QSO/galaxy associations) Burbidge 
has failed to include results which do not 
favour his conclusions. He cites the 
existence of five 3C QSOs near bright 
galaxies as evidence for non-cosmological 
redshifts’. However, he does not mention 
several subsequent investigations*~® of 
much larger samples of QSOs which 
failed to detect a statistically significant 
excess of close pairs compared with that 
expected by chance for a random 
distribution of quasars and galaxies. 

Burbidge ignores published criticism of 
at least one of the arguments he uses. 
His Fig. 1 shows a correlation between 
galaxy redshift and separation of the 
galaxy from the associated QSO, and 
this is taken as good evidence for the 
galaxies and the QSOs being physically 
associated. Nevertheless, it has been 
pointed out by Noerdlinger’ and Browne 
and Cohen that when pairs selected 
from heterogeneous samples are used, 
strong selection effects inevitably give rise 
to a redshift-separation correlation 
roughly of the form presented by 
Burbidge. Note that not only is the 
legend to Fig. 1 confusing because it 
refers to a symbol not present in the 
diagram, but also the line shown is 
certainly not the best fit to all the points. 
| Finally, to establish the reality of non- 
‘cosmological redshifts systematic 
investigations of well defined samples 
must be undertaken. Then, at least, it will 
be unnecessary to resort to estimating 
Arp’s allocation of telescope time as a 
way of assessing the statistical 
significance of the results. 
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BURBIDGE REPLIES-~Browne is clearly 
strongly biased in favour of the 
cosmological redshift hypothesis, because 
none of his criticisms considers that | 
omitted discussion of the many problems 
associated with that hypothesis. His 
remarks imply that I have omitted only 
work critical of the evidence for non- 
cosmological redshifts. In fact I 
attempted to demonstrate that there ts 
good evidence for the existence of both 
cosmological and non-cosmological 
redshifts. I spent more time discussing 
the Arp evidence to attempt to redress 
the balance as the normal practice is to 
quote Stockton and ignore Arp. 

In a previous review article’, which 
was far more wide-ranging, I did discuss 
all of the earlier evidence for association 
between galaxies and QSOs. In my later 
article I only quoted the 3C survey 
evidence for historical reasons, as I was 
concerned with an account of the more 
recent work. I had overlooked the paper 
of Browne and Cohen? which should 
certainly be taken into account in 

evaluating my Fig. I. 

The results of Green and Schmidt? lay 
outside my restricted brief. Had | 
discussed their results I would also have 
had to discuss other evidence, such as 
the existence of peaks and periodicities in 
the redshift distribution, the Compton 
problem, the Hubble diagram for QSOs, 
and the existence of so-called superlight 
velocities, all of which have to be 
discussed and evaluated before a 
balanced picture can be obtained. 
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The Lizard complex 
as an ophiolite 


Kirspy! has stated “Of prime importance 
to the proposed ophiolitic nature of the 
complex is the relationship between 
peridotite and gabbro...Green’s 
lithological map and the author's field 
observations show that the gabbro is 
further restricted to the primary-type 
peridotite and does not occur in the 
recrystallized varieties except as isolated 
and deformed scraps”. 

This is an oversimplification: Green? 
refers to the mineralogical assemblage 
within the primary peridotite and not to 
a completely unrecrystallized condition. 


He wrote that the “coarse anhedral 
texture with curving grain boundaries” 
was igneous but concluded that “the 
primary  peridotite assemblage has 
a...texture compatible with deep seated 
igneous crystallization or at least of 


crystallization in a hydrostatic or near 


hydrostatic stress environment. Although 
the banding and incipient augen foliation 
are ascribed to crystalline flow of the 
body at a very early stage, this flow has 
occurred at a rate accommodated in the 
rock without cataclasis or creation of 
granulitic or schistose fabrics”. 

All the evidence of Flett, Green* and 
Rothstein®® taken together suggests that 
the rocks within the mass of primary 
peridotite south of Coverack have 
undergone a near solid-state 
deformation, although within this 
primary assemblage peridotite, in the 
lherzolites and harzburgites. containing 
little or no troctolite, there are relics of 
primary textures and structures 
resembling crescumulates rather than 
settled gravity stratified cumulates. The 
deformation of the primary assemblage 
structures in this area is part of the 
continuity which exists between the two 
major areas of peridotite with respect to 
the trends of the near vertical. foliation 
and banding, the primary mineralogy (to 
be reported elsewhere}, and the rare 
earth content’. It would seem reasonable, 
therefore, to regard the peridotite as 
originally one body (albeit the eastern 
part not quite so heavily deformed as the 
western part) This being so the 
continuity extends between the two parts 
of the peridotite and the hornblende 
schists, and is broken, one way or the 
other, by the cross-cutting fie 
relationships of the gabbro. This imp! 
a contrary view to that expressed by 
Kirby! “that the association of peridotite 
and gabbro existed before their 
juxtapositioning with the surrounding 
hornblende schists (the event in, which 
















some of the peridotite was 
recrystallized)”. This does not preclude 
the possibility of a deformed and 
recrystallized eastern part of the 
peridotite undergoing some partial 
melting. 
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KIRBY REPLIES—-The ipterrelationships 
between the foliations in the primary 
peridotite and those in the secondary 
peridotites and schists are not well 
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senesced eva ete However, on the 
south-east coast of the Lizard peninsular 
the foliation and banding in the primary 
peridotite, although mostly poorly 
defined, dips at moderate angles. The 
foliation in the underlying hornblende 
schists is subhorizontal. Green! described 
an increase in the metamorphic grade of 
the schists in approaching the overlying 
peridotite, demonstrating that the 
per:idotite was the local heat source. The 
non-parallelism of the foliations implies 


that there is not a continuum in 
deformations as proposed by Rothstein. 
It shows that the development of 
foliations in the schists is a later event. 
In the absence of a continuum of 
deformation, the cross-cutting 
relationships of gabbro in primary 


peridotite do not imply that the gabbro 
was intruded after the development of 
the hornblende schists and secondary 
peridotites. Gabbro is very rare in the 
secondary peridotites and where it does 
occur it is invariably highly deformed. I 


have seen no gabbro intrusive into 
hornblende schists. These admittedly 


simplified observations suggest that the 
gabbro was intruded into the primary 
peridotite before the deformational event 


which led to the formation of the 
hornblende schists and secondary 
peridotites, and further that it was 


preferentially intruded into parts of the 
primary peridotite that generally escaped 
later deformation. These relationships are 
typical of ophiolite complexes in which 
gabbro intrudes peridotite with mantle- 
tectonite fabrics towards the top of the 
complex whereas at the base, this 
peridotite contains little or no gabbro 
and is overprinted by a later deformation 


associated with the formation of 
hernblende schists, as summarized 
recently by Nicholas er al.?. 
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Evolution of bacterial 
cytochromes c, 


IN an attempt to uncover the phylogeny 
ef cytochromes c, Ambler et al.! 
recently compared 13 cytochrome c, 
primary structures. The molecules they 
compared were from purple 
photosynthetic bacteria and could be 
classified on the basis of the length of 
their interhelical loops as belonging to 
three different cytochrome c, subclasses? 
‘so-called short, medium and long 
cytochromes ¢,) The molecular 
phylogeny reported by Ambler et al. is at 
apparent variance with a morphological 
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Fig. 1 Phylogenetic trees’ 


of bacterial cytochromes c. 
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For abbreviations see Table I. a, Tree 


constructed using the similarity matrix of the unstructured segments. b, Tree constructed using the 
similarity matrix of the secondary structure segments. Numbers give branch lengths in arbitrary units. 


one? and we should like to comment on 
this challenging fact. 

The phylogeny of Ambler er al. is 
based on a per cent similarity matrix of 
the whole primary structures (a matrix 
element represents °% of identical amino 
acid residues found in a pair of primary 
structures aligned to maximize 
homology). It has been shown 
previously* 9 that different segments of 
the primary structure which correspond 
to individual secondary structure 
elements (helices, pleated sheets, turns) 


Table 1 





1. Rm. vaanielli 100 59 57 5i 
2. Rp. viridis 65 i100 $32 43 
3. Rs. acidophila 74 79 100 38 
4. Rs. moiischianum-1 6 60 69 100 
5. Rs. fulcum-! 69 62 Ti 99 
6. Rs. molischianum-2 76 69 75 78 
7. Rs. fulvum- 76 68 74 76 
8. Rs. rubrum 54 SL S54 56 
9. Rs, photometricum St «S32 St T 
10. Rp. paiustris 2.1.6 St 6470 3 9 
IL. Rp. paiustris 2.1.37 St 47) Sf 49 
12. Rp. sphaeroides 35 35 37 M 
13, Rp. capsulata 2.3.1 40 43 40 46 


evolve at a different rate (that is, they 
display different percentages of similarity) 


according to the different functional 
constraints imposed on them. We have 
therefore constructed two © similarity 
matrices of the 13 cytochrome c, 
structures: the first contains per cent 


similarities of those primary structure 
segments which are involved in the 
secondary structures, the second consists 
of per cent similarities displayed by 
unstructured segments. (Assignment of 
the segments to the secondary structure 


Similarity matrix of bacterial cytochromes c, 





46 32 55 38 W 42 41 35 28 
43 43 45 33 32 42 41 32 28 
3 RB 4d BB 5 RB BB 4 R 
84 7 7 30 36 35 35 23 26 
IOG 72 70 30 3B B 3B 2%% 238 
79 160 86 30 36 35 35 25 26 
78 96 100 29 38 $32 32 3 2% 
S7 62 60 106 54 4j J 4) 38 
56 60 60 74 100 3 B RB R 
49 59 59 53 41 100 90 39 45 
49 $9 SO 53 Si 9f 100 42 Af 
35 44438 49 OF R2 R M B 
47 30 49 59 53 4) 4) 63 100 





Numbers represent per cent identical amino acid 


compared. Above the diagonal (upper right): numbers obtained for segments with secondary structure: 
numbers obtained for 


below the diagonal (lower left): 


residues m a pair of the primary structure segments 


unstructured segments. Abbreviations Rs. 


Rhodospirillum: Rp., Rhodopseudomonas; Rm.. Rhodomicrobium. 
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elements—four a-helices, two 3,9 helices 
and three turns—is based on the three- 
dimensional structure of Rhodospirillum 
rubrum cytochrome c, (ref. 6) deposited 
with the Brookhaven Protein Data 
< Bank.) The two matrices computed in 


c this way clearly differ from one another 


© (see Table 1). When phylogenetic trees’ 
are constructed of them (Fig. 1), these 
also differ. 

There are 135 amino acid positions in 
the cytochromes c,, half of which (69) 
form helices and turns, the other half (66) 
being involved in unstructured loops. 
There is therefore no bias in favour of 
any of the two groups considered. They 
do differ evolutionarily, however, in that 
the secondary structure segments 
predominantly evolved by amino acid 
replacements whereas the unstructured 
loops harbour two-thirds of the deletions 
responsible for a distinction of the short, 
medium and long cytochromes c;. 

Thus, the following important points 
emerge as far as evolution of 
cytochromes c, is concerned. (I) 
Different phylogenies can be proposed 
for different segments of homologous 
primary structures, the phylogeny of the 
whole structure being a weighted average 
of the partial ones. (2) Because the 
differences can be correlated with typical 
features of the secondary structure, they 
seem to result from structural, rather 
then genetic causes. 

Bacterial phylogeny is a notoriously 
difficult subject. Dickerson® and Woese 
et al?. have already tried to reconcile the 
cytochrome c, dilemma; this. note, far 
from attempting to solve all the existing 
questions, aims at delineating a new 
approach to them. 


We thank Dr Edgar Haber for 
discussions and for facilities used in the 
preparation of this manuscript. 
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Methotrexate binding 
to dihydrofolate reductase 


RECENTLY, in discussing dihydrofolate 
reductase, Gready' described, with the 
emphasis on our paper’, the finding that 
the inhibitor, methotrexate, binds to the 
enzyme with its pteridine ring ‘upside 
down’ with respect to the substrates 
dihydrofolate and folate. It is essential to 
point out that the most important 
observations leading to this conclusion 
were made by others. 

In their report of the crystal structure 
of the enzyme~methotrexate-NADPH 
complex, Matthews et al? discussed the 
implications for the stereochemistry of 
the reaction and specifically recognized 
the possibility that the substrates might 
bind the other way up. Shortly 
thereafter, Fontecilla-Camps et al.* 
determined the absolute configuration of 
5,10-methenyl-tetrahydrofolate (which 
can be related to that of tetrahydrofolate 
itself; see ref. 2). This revealed the 
stereochemistry of — reduction of 
dihydrofolate at C6, and by comparison 
with the results of Matthews et al., 
showed that dihydrofolate does bind the 
other way up from methotrexate. This 
was pointed out by Hitchings®. Our 
NMR experiments extended this to 
folate, showing that both substrates have 
the same orientation on the enzyme, 
which, from the crystallographic work, 
differs from that adopted by 
methotrexate. 

The interesting finding that substrates 
and structurally analogous inhibitors 
bind to dihydrofolate reductase in quite 
different orientations thus arises from a 
comparison of a number of separate 
observations. 
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Effects of 
the Earth’s 
rotation rate on 





HUNT'S’ investigation of the meteorolo- 
gical effects of a faster rotating Earth has 
application to palaeoclimatology, but his 
findings cannot explain the occurrence or 
character of the several late Precambrian 
glaciations. 

Hunt’s' article does not distinguish 
between middle and late Precambrian. 
Late Precambrian glaciation occurred 
0.95-0.60 x 10° yr ago™°, whereas glaci- 
ation is unknown during the middle Pre- 
cambrian ~1.5 x 10° yr ago*. Pannella’s* 
curve of length of year suggests a 19~20-h 
day during the late Precambrian. Using 
Hunt’s' Fig. 4, an Equator-to-Pole 
temperature difference of ~41K and 
poles ~4 K colder than at present accord- 
ingly are indicated for late Precambrian 
glacial time; these estimations assume an 
obliquity of the ecliptic near that of today, 

i PEEP co ae « arg J2 $8 
which geological” and geophysical 
data suggest may be invalid. 

In the Precambrian conditions predic- 
ted by Hunt’s’ model—an increased 
Equator-to-Pole temperature gradient, 
with equatorial regions warmer and polar 
regions colder than those of today— 
glaciation would be confined to high 
palaeolatitudes, while low palaeolatitudes 
remained ice-free. Available palaeo- 
magnetic data?” reveal, however, a 
dominant picture of low palacolatitude 
(~0-40°) glaciation in late Precambrian 
time; although some of the daata are 
difficult to interpret’, circumpolar models 
of glaciation can be ruled out. Further- 
more, Hunt’s’ findings cannot explain the 
marked episodicity of the seven or more 
glaciations since the middle Pre- 
cambrian*”. 

The major application of Hunt's’ 
model lies in testing explanations of 
low-palaeolatitude glaciation in the late 
Precambrian. The concept of global 
glaciation** as a cause of preferred low- 
palaeolatitude glaciation is difficult to 
reconcile with an Earth possessing a 
warmer Equator and an Equator-to-Pole 
temperature gradient greater than at 
present. The alternative hypothesis of an 
increased obliquity of the ecliptic (2 54°) 
in late Precambrian time” to reduce 
equatorial insolation and thereby confine 
glaciation to relatively low palacolatitudes 
explains the data better. 
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HUNT REPLIES—Current knowledge 
regarding climatic conditions during the 
Precambrian is fragmentary and subject to 
differing interpretations. However, there 
is considerably more information avail- 
able than I was aware of, mainly in the 
geological literature, and I thank Dr 
Williams for providing very interesting 
data. Frakes’ suggests that glacial condi- 
tions prevailed 2,300 Myr ago, followed 
by a warm period extending to 950 Myr 
when an interval of episodic ice ages 
commenced, terminating at about 
600 Myr (ref. 2). If, as I suggested’, 
1,500 Myr ago the Earth was rotating 2- 
2.5 times faster than now with a somewhat 
smaller obliquity, climatic conditions 
should have been most conducive to an ice 
age. Thus the warm period which 
apparently then existed implies some very 
marked difference between the model and 
the actual atmosphere. What this 
difference was remains a mystery! With 
regard to the late Precambrian (600- 
1,000 Myr ago) when the Earth’s rotation 
was closer to its present rate, Williams’ 
suggests that glaciation was confined to 
low and middle latitudes, attributable to 
the Earth’s obliquity then exceeding 54°. 
Clearly any such obliquity variations 
would create climatic conditions 
completely different from those of my 
model regardless of rotation rate effects. 

The concept of climatic changes 
induced by obliquity variations has 
considerable attractions, but also 
unresolved problems. Williams” has 
suggested an obliquity cycle with a period 
of over 1,000 Myr and a total amplitude 
exceeding 54°. Wolfe", from Tertiary 
palaeobotanical data, has deduced 
obliquity variations of up to 25° in 
~25 Myr. No mechanism is advanced to 
account for these obliquity changes. The 
absence of an identifiable mechanism, 
however, should not preclude them from 
consideration; rather it should stimulate a 
search for the cause. If such obliquity 
changes did occur this implies that current 
understanding of the Earth-Moon 
dynamical interaction over the ages as 
presented by MacDonald’, for example, is 
deficient. The rotational period and 
obliquity variations with time shown in my 
Fig. 1 (ref. 3) were taken from MacDon- 
ald’s> calculations, and had the great 
attraction of being dynamically based and 
mutually consistent. 

One positive way to investigate the 


hypothesis of obliquity-induced climatic 
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variations is to resort to numerical model- 
ling; as noted by Williams this approach 
has considerable potential. In 1980 I 
intend to run the same model as used in 
my study*, with an obliquity of 0° and a 
value near 60° as an initial contribution to 
this fascinating area of science. It is hoped 
this will throw light on the combined cli- 
matic effects of an increased rotation rate 
and extreme values of obliquity. 
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bourne, Australia 3001 
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Analysis of host specificity 
of temperate 
and tropical animals 


IN the contingency-table analysis of the 
host specificity of temperate and tropical 
ambrosia beetles, Beaver’ erred in using 
the percentages of species showing 
various grades of host specificity rather 
than the actual frequencies’. Depending 
on the sample size and the distribution of 
frequencies among cells, this procedure 
may either inflate or deflate the values of 
x” and thus invalidate a test of indepen- 
dence of rows and columns. Also, Beaver’ 
implied that a test of host specificity for 
xylomycetophagous beetles was carried 
out with a 2 x 4 table but no xviomyceto- 
phagous species was restricted to a single 
species of host plant. Thus, the data for 
this group should have been tested in a 
2x 3 design. 

Corrected values of y” for Beaver’s’ 
data are given in Table 1. Considering all 
species of both families of beetle, the evi- 
dence for increasing specialization with 
increasing latitude is considerably 
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stronger than Beaver’s analysis indicated. 
For phloeophagous species, the evidence 
is weaker than Beaver suggested but, for 
the most part, his hypothesis is strongly 
supported by data from this group of spe- 
cies. However, the data for the xylomy- 
cetophagous species are equivocal (4/6 
country pairs show independence of rows 
and columns) and thus provide no evi- 
dence in support of Beaver’s hypothesis. It 
is not clear whether this failure results 
from the small sample sizes for this group 
or from a fundamentally different pattern 
of resource utilization. 
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BEAVER REPLIES-~The point concern- 
ing the use of percentages in y` tables is 
accepted. I had not intended to suggest 
that the xylomycetophagous species 
followed the pattern of the phloeo- 
phagous species and were less host specific 
in the tropics. As I noted’, they show “a 
similar low specificity in both temperate 
and tropical regions”. I think it probable 
that this difference from the phloeo- 
phagous species is related to the different 


-methods of resource utilization. If the 


ambrosia fungi can grow in the dying or 
dead wood of a high proportion of the tree 
species present in a tropical forest, this 
forest may not appear more hetero- 
geneous to an ambrosia beetle than a 
temperate forest. 
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Table 1 Comparison* of the degree of specialization of feeding habits of Scolytidae and 


Platypodidae 
Countries compared 
Species group Fr/Ca Fr/Ma Fr/Fi Ca/Ma Ca/Fi Ma/Fi 
All 15.085 165.121 70.169 245.781 100.747 20,505 
Phloeophagous 13.058 37.753 40,718 55.899 40.905 12.110 
Xylomycetophagous 1.640 19.339 2.148 9.583 4.161 5.126 





*The null hypothesis states that there is no relationship between the degree of specialization 
and latitude. Data were tested in 2x4 {all species and phloeophagous species) or 2x3 
(xylomycetophagous species) contingency tables. For 2x4 tables, critical values are 7.815, 
11.345 and 16.266 for a = 0.05, 0.01 and 0.001, respectively; corresponding critical values for 
2x3 tables are 5.991, 9.210 and 13.816. The values of y” comparisons among all pairs of 
countries are given. Ca, California; Fi, Fiji; Fr, France; Ma, West Malaysia. 
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Peripatetic physicist 


THE PHYSICIST Joseph Henry (1797-1878) 
achieved lasting fame for his work on 
electromagnetism and, in particular, his 
anticipation (1830) of Faraday’s discovery 
of electromagnetic induction. He became, 
in 1832, Professor of Natural Philosophy 
at Princeton, and in 1846 the first Director 
of the Smithsonian Institution in 
Washington. In his later years he was active 
in establishing the American Association 
for the Advancement of Science and the 
National Academy of Sciences. Today, his 
name is perpetuated in two main ways: by 
the unit of electrical inductance, the henry, 
and by the splendid collection of his 
personal papers in the archives of the 
Smithsonian Institution. It is this deposit 
which forms the nucleus of The Papers of 
Joseph Henry, currently in course of 
publication. Two volumes have already 
appeared dealing with, respectively, his 
years at Albany, New York, until 1832, and 
the first part of his Princeton period. The 
present book covers the years 1836-1837, 
subsequent volumes being planned for the 
remainder of his life. 

For a book of this size merely tospan two 
years may seem an excessively generous use 
of space, but as the editor rightly observes 
“the period covered was extraordinarily 
eventful’’. In the study of electricity the 
outlines of a coherent view of electro- 
magnetism were beginning to emerge. 
Developments in optics, metallurgy and 
engineering were bearing fruit in 
lighthouse construction, instrumentation, 
shipbuilding and the new steam railways. 
Thanks partly to geological progress, 
searching questions were being asked 
about the nature of science and its relation 
to revealed religion. And Henry’s own 
university was struggling to equip its 
laboratories in a manner fitting for the new 
challenges, even though its efforts coin- 
cided with the great economic depression 
of 1837. For Henry himself an even more 
significant event took place at this time: a 
scientific tour of Europe. In his own 
extensive reporting of this unforgettable 
experience lies the greatest interest of this 
remarkable collection of documents. 

In the first part of the book we see Henry 
writing to his brother James on family 
matters, to his wife while away on a visit to 
Albany and to Benjamin Silliman on 


C.A. Russell 
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Joseph Henry 


popular demonstrations in electromag- 


netism. He confides to his notebook a 


“record of experiments’’, chiefly on the 
lateral discharge of static electricity. Other 
correspondence fills out many intriguing 
details of the American scientific scene, 
and introduces us to a host of scientific 
figures both famous and obscure. The idea 
of a Continental trip was mooted in 
mid-1836 as a means of procuring the 
required scientific equipment. It was but 
one of many such journeys undertaken by 
Americans to post-Napoleonic Europe. 
Thereafter, foreign travel figures 
frequently in the correspondence until 
February 22 when he set sail for Europe. 
An increasing apprehension about the 
potential hazards of his voyage is evident in 
his letters. It would hardly have been 
dispelled by the request of a scientific 
colleague that he convey to Europe for 





distribution numerous copies of his latest 
paper, ‘On the gales and hurricanes of the 
Western Atlantic” 

The account of Henry's European touris 
supplemented by one from his friend and 
counterpart in Philadelphia, A. D. Bache, 
who left for Europe a few months before 
Henry. Their two diaries illuminate the 
great sensitivity of Americans at that time 
to their reputation overseas. Nowhere is 


this more evident than in Henry’s ex- 


periment in King’s College, London, when 
he tried to obtain a spark from thermo- 
electricity; the successful. outcome, which 
had eluded Faraday, gained in significance 
with each retelling of the tale and Henry 
became a folk-hero in his. own country. 

During his London. stay. he frequently 

enjoyed the hospitality of Daniell’s 
laboratory at King’s College, and quickly 

became acquainted with most of the 
leading metropolitan scientists. His lodg- 
ings were chosen so as to be afew steps 
from the Royal Institution, Visits to Green- 


















> wich, Woolwich and an unnamed gas- 


works still further enlarged his circle of 
acquaintances, and he did not hesitate to 
characterize many of those he met. 

Sturgeon was reckoned to be “a very good 
experimenter but an indifferent lecturer” 
Wheatstone was the most ‘‘talented’’ 
person he had encountered; but Faraday 
(who welcomed him into his own family 
circle and home) was ‘the greatest man” 

From England Henry went to France 
where his diaries and letters reveal 
interesting details of transport, social life 
and an American’s impressions of Paris. 
But scientifically it was less successful. 
Equipment ordered in France failed to be 
delivered, and he found considerable 
difficulty in meeting the great figures of 
French science. Partly this was due to a 
language problem, but also, as the editor 
admits, ‘‘many of Henry’s opinions of 
France would provide ammunition for 
recent historiography arguing the decline 
of French science in the nineteenth 
century’. Several times Henry wished he 
had spent less time in France and more in 
Britain. 

The final part of his Jour took him to 
Scotland where he gives graphic accounts 
of life in Edinburgh, trips to Scottish 
lighthouses and (especially) the Edinburgh 
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Observatory. Then, after attending the 
British Association meeting in Liverpool, 
and a brief visit to Cambridge, he set sail 
from Portsmouth on 22 October 1837 for 
his homeward journey. 

It is impossible to do justice to the 
richness of material in these papers. A great 
number of Henry’s contemporaries flit in 
and out of his pages: obscure instrument- 
makers, technicians, engineers and others 





Charles Wheatstone — the most ‘‘talented”’ 
person... 


on the periphery of science; relations, 
students, friends and casual acquain- 
tances; politicians and royalty (though not 
much, for Henry was a staunch 
republican); poets and philosophers; and 
above all men and women active in science. 
We are treated to his views on race and 
slavery, on the status of women, on the cost 
of war, on the politics of science — and 
even on the philosophy of tea-making. 


Michael Faraday —‘‘the greatest man’’. 


The task of the editor and his assistants 
has included the provision of very full notes 
with (where possible) full identifications of 
individuals, places and incidents referred 
to in the papers. The massive index is a 
testimony to their thoroughness and care. 
Naturally, a few blemishes have been 
detected; there is now some doubt about 
the authenticity of ‘‘Newton’s’’ telescope 
at the Royal Society (p. 189); the spectrum 
studied by Brewster was most certainly not 
that of “nitrous acid” (p. 482); the Brunel 
referred to on p. 225 as the engineer of the 
Great Western Railway was not Marc but 
his more famous son Isambard; and there 
are a few uncorrected colloquialisms in the 
notes and a smalbnumber of misprints. But 
these cannot detract from the great merits 
of a work that will be invaluable to social 
historians as well as historians of science 


a 








working on that period. There are eight 
pages of portraits (though, curiously, not 
one of Henry himself) and several other 
illustrations in the text and endpapers. For 
a work of this size and complexity it is 


Anecdotal 
astrophysics 


G. T. Bath 


Introduction to Advanced Astrophysics. 
By V. Kourganoff. Pp. 479. (Reidel: 
Dordrecht, The Netherlands, Boston and 
London, 1979.) Hardback Dfl. 135, 
$71.05; paperback Dfl. 55, $28.45. 


WHEN Martin Schwarzchild wrote 
Structure and Evolution of the Stars 
(Princeton University Press) in 1958 
(rightly referred to as ‘‘a remarkable 
treatise” in this book), the revolution in 
astrophysics which we have witnessed in 
recent years had already begun. For the 
first time computers provided a tool which 
led, using considerable intellectual 
ingenuity, to the solution of previously 
intractable equations describing the 
structure of stars and other cosmic objects. 
Radioastronomy had broken down 
barriers that restricted our view of the 
Universe to the optical region of the 
electromagnetic spectrum. New optical 
instrumental techniques were continuously 
developing and were a continuing source of 
unpredictable discovery. 

Since then astronomy and its associated 
research fields have matured into a fully 
fledged science —- one which in the UK 
currently receives 20% of the Science 
Research Council budget. The bulk of the 
electromagnetic spectrum is now visible 
through satellite or ground-based tele- 
scopes. 

The new astronomies based on y-ray, 
X-ray, ultraviolet and microwave obser- 
vations have added a vast body of data 
ranging from the galactic binary X-ray 
sources to the cosmic microwave back- 
ground. Nonetheless optical and radio 
wavelengths have retained their central 
position. In 1964 quasars were discovered, 
and the subject of active galaxies and 
galactic evolution was opened up by the 
mysterious optical spectra of the 
Cambridge 3C radio survey sources, 3C48 
and 3C273. Even more startling was the 
way in which the persistent detective work 
of Bell-Burnell, Hewish and colleagues 
tracked down the neutron star using tech- 
niques developed to study interstellar 
scintillation. The Cambridge group 
quickly convinced the world of the reality 
of pulsars in 1968 (in a piece of teamwork 
which it does service to no one today to 
break down into isolated individual contri- 
butions as attempted in this book). 
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excellent value for money. Subsequent 
volumes will be awaited with keen interest. 


C. A. Russell is Reader in History of Science at 
The Open University, Milton Keynes, UK. 


All this is well known. Less widely 
appreciated are the developments in optical 
instrumentation that have produced a rich 
source of surprises — solar oscillations, 
polarization and pulsations in white 
dwarfs, confirmation of accretion disks in 
stellar binary systems, complex quasar 
spectra reflecting structure around the 
quasar powerhouse and within the inter- 
galactic medium, velocity dispersion 
studies providing a wealth of information 
on the morphology and evolution of 
galaxies — to mention buta few. 

There is clearly a place, though com- 
petitors already exist, for a lucid, approach- 
able and up-to-date introduction to the 
subject at postgraduate level: a book 
which reflects the past excitement, together 
with the logic and physics underlying 
models which account for these cosmic dis- 
coveries; something akin to Structure and 
Evolution of the Stars. Unfortunately, 
Introduction to Advanced Astrophysics 
does not provide this, at least in the way I 
would have hoped for. 

The Concise Oxford Dictionary of 
Current English gives one definition of the 
word ‘idiosyncrasy’ as ‘mode of expres- 
sion peculiar to an author’’. This book isa 
rich source of idiosyncrasy — of content, 
style, sclence and even English usage. In my 
view the author and publisher have not 
been successful in producing a well- 
balanced introduction to the study of 
astrophysics at the postgraduate level, 
which is their stated aim. 

The book covers radiative transfer, 
stellar structure, white dwarfs, neutron 
stars and pulsars, binary systems and 
galactic X-ray sources, simple cosmo- 
logical models, and, very briefly, extra- 
galactic astronomy. The style is the lecture- 
note format elaborated to contain a multi- 
tude of caveats to simple introductory 
statements. These confuse the intelligent, 
inquiring reader, and distract from the 
main thrust of the subject. Most of the 
topics treated can hardly be described as 
advanced, and the treatment is muddled 
with anecdotes and asides. 

Kepler’s laws occupy 40 pages, the 
physics of X-ray binaries two, in a section 
totalling 70 pages, and the two pages on the 
physics are confused and misleading. 
Perhaps there is a place for an exhaustive 
discussion of the solution of binary orbital 
elements in a section devoted to X-ray 
sources, but not at the expense of a 
thorough discussion of the basic physical 
processes that power them, and make them 
what they are — amongst the powerful 
stellar energy sources in the Universe. It isa 
Sunday magazine supplement howler to 
state that in mass exchanging binaries ‘‘the 
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very strong gravitational field in the 
neighbourhood of the compact object 
obliges the surrounding gas to flow over to 
the object” from the companion (my 
italics). 

The English is eccentric and frequently 
grammatically incorrect. I am full of 
sympathy for the problems facing scientists 
whose mother tongue is not English. In the 
preface Professor Kourganoff, in his 
defence, quotes Zel’dovich: ‘‘Specific 
broken English (not Shakespearian or 
slang} plays the role played by Latin in the 
time of Copernicus”. Broken English 
presents no difficulty, and can even have 
unsuspected advantages, when reporting 
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original research. But textbooks are a 
different matter. The author has a 
responsibility to capture the reader’s 
attention, to further his appreciation of the 
excitement of the subject, to have faith in 
the content and to help him use his intelli- 
gence. And that demands as much 
attention to style as to content. In this case I 
feel the author is not wholly at fault. The 
editor and publisher must also take some 


responsibility. (a 
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Hormones and Evolution. Edited by 


E.J.W. Barrington. 2 vols, pp.989. 
(Academic: London and New York, 1979.) 
Each volume £30, $69. 


Hormones and Evolution is an important 
treatise which tests the hypotheses that 
underlie the oft-quoted aphorisms of Peter 
Medawar — ‘‘Endocrine evolution is not 
an evolution of hormones but an evolution 
of the uses to which they are put’? — and 
J.B.S. Haldane — ‘‘The evolution of 
vertebrate hormones was nearly complete 
in Silurian times”. Medawar’s hypothesis 
is proved correct for the steroids which, as 
shown in the interesting first chapter by 
Sandor and Mehdi, have been found in 
most species of animal and many species of 
plant (including prokaryotes). Sandor and 
Mehdi argue that the steroid nucleus 
(cyclopentanoperhydrophenanthrene) 
could have been synthesized abiotically, 
and because steroids interact with DNA 
(including the DNA of bacteriophages) 
they could be considered to be universal 
biomolecules which were among the first 
transmitters of chemical information. 
Medawar’s hypothesis may also hold for 
the monoamines and the thyroid hormones 
the structure, but not function, of which 
remains unchanged among the vertebrates. 

Common to the vertebrates and many 
invertebrates is the fact that the nervous 
and endocrine systems are linked by 
neuroendocrine cells, the transmitter most 
often being a peptide. Peptide hormones 
have recently attracted much interest, but 
even so the information obtained thus far, 
especially about their structure in lower 
vertebrates and invertebrates, is too 
meagre to enable us to determine for most 
compounds whether there has been a 
Significant evolution of peptide structure 
as well as function. However, in agreement 
with Medawar’ s hypothesis, the 


mammalian thyrotropin releasing 
hormone (TRH), a tripeptide, is present in 
the brains of amphibians, reptiles and fish, 
but does not appear to release thyrotropin 
in these animals. Jackson suggests that 
TRH is a central neurotransmitter which, 
during evolution, acquires a role in the 
hypothalamic-pituitary system, first as a 
releasing factor for prolactin and then for 
thyrotropin. By contrast, the peptides of 
the neurohypophysis and the gut do appear 
to have undergone an evolution of 
structure as well as function. Thus, in 
mammals, gastrin and cholecystokinin are 
distinct, whereas in amphibians, fish and 
cyclostomes there appears to be only one 
gastrin/cholecystokinin molecule. In their 
review of the evolution of responses to the 
neurohypophysial principles, Sawyer and 
Pang point cut the need in mammals for 
separate regulation of urine flow and milk 
ejection. This might explain why arginine 
vasopressin is the predominant pressor- 
antidiuretic peptide in the mammal, while 
arginine vasotocin predominates in non- 
mammalian vertebrates. Arginine 
vasotocin is about half as potent as 
oxytocin (the milk-ejection principle in 
mammals) in stimulating milk ejection and 
only half as potent as arginine vasopressin 
(which has little milk-ejection activity) in 
blocking diuresis. Thus, the switch from 
vasotocin to vasopressin, which only 
involves the substitution of phenylalanine 
for isoleucine (one base change in the 
codon), would confer a considerable 
advantage to the mammal. Further studies 
will be required to determine whether there 
are any common precursors for the 
invertebrate and vertebrate peptide 
hormones. Is there, for example, any 
relationship between the hyperglycemic 
hormone of the crustaceans and the gut 
and pancreatic hormones of the 
vertebrates? 

As a treatise on comparative 
endocrinology, biologists will find this a 
most valuable handbook which they will 
wish to keep close to hand in the 
laboratory. Professor Barrington has 
chosen the topics and the authors carefully. 
Most vertebrate hormones and endocrine 
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systems are reviewed in detail, and one 
chapter each is devoted to the annelids, 
molluscs, crustaceans, insects and 
echinoderms. The chapters are mostly well 
written and illustrated, and reflect 
excellent scholarship. The authors, 
however, show a disappointing readiness 
to fit their data to prevailing views on 
evolution and the origin of life rather than 
looking for clues that might spark 
revolutionary ideas. There is one surprising 
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Selected Methods in Cellular Immunology. 
Edited by Barbara B. Mishell and Stanley 
M. Shiigi. Pp. 486. (W.H. Freeman: San 
Francisco and Oxford, 1980.)$29.95, £17.70. 





THIS BOOK contains most of the principal 
methods used by cellular immunologists 
working with cells from mice. It started asa 
manual for teaching students and research 
workers in the Department of 
Microbiology and Immunology at the 
University of California, Berkeley, but has 
been expanded to include chapters from 
workers in other laboratories, although the 
majority of the 40 or more contributors are 
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omission — no chapter on the pineal gland 
which continues to tantalize the 
endocrinologist and evolutionist. Perhaps 
in man the pineal is only the seat of the soul 
(although recent studies suggest that it may 
also moderate gonadal function); but what 
an elevation in function from a mere 
phototransducer! 


George Fink is Director of the MRC Brain 
Metabolism Unit, University Department of 
Pharmacology, Edinburgh, UK. 


from the same department. The editing and 
the production of the book has ensured 
that the style of each contribution is very 
similar. Each chapter starts with a brief 
introduction, explaining the principle 
behind the method to be discussed. For 
example, there is a clear and precise 
description of limiting dilution analysis 
before details of how to measure the 
frequency of precursors of B-cells, helper 
T-cells and cytolytic T-cells. 

About half of the procedures considered 
are only applicable to experiments using 
murine cells, but the rest are of general 
value and make the book of interest to all 
immunologists. The purification of 
immunoglobulins and their fragments and 
different assay procedures for detecting the 
reactions of immunoglobulins are 
described in useful detail. There is a section 
devoted to the method developed by 
Kohler and Milstein for the production of 
monoclonal antibodies from hybrid cell 
lines which will be particularly valuable to 
researchers trying this procedure for the 
first time. 

Although most of the contributions 
contain a list of comments, often 
describing particular snags in the 
procedure or why particular reagents have 
been used, this is not always the case. One 
feels that, as with recipes, descriptions of 
methods should include some indication of 
which steps are essential, or which reagents 
were used because they happened to be 
conveniently at hand at that moment. A 
further criticism concerns the expense of 
some of the approaches suggested — by 
simple modification some of the 
procedures could be carried out at one- 
tenth of the cost. 

The editors have not tried to make this 
collection of methods comprehensive, but 
nevertheless they have brought together 
most of the important techniques for 
studying cellular immunology and all 
immunologists will find valuable 
procedures clearly laid out. I have had 
considerable difficulty in reviewing this 
book, since whenever I brought it into the 
laboratory it vanished. And, like all good 
cookery books, it is rapidly gemulung 
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Mammals through 
the mists of time 





Barry Cox 


Mesozoic Mammals: The First Two-Thirds 
of Mammalian History. Edited by J.A. 
Lillegraven, Z. Kielan-Jaworowska and 
W.A. Clemens. Pp.321. (University of 
California Press: Berkeley and London, 
1980.) Hardback $30, £18; paperback 
$8.75, £5.25. 





inanan 


THE EARLY days of mammalian evolution 
were perhaps the Dark Ages in more than 
one sense — because not only were the little 
early mammals probably nocturnal, but 
also their tiny remains are fragmentary and 
uncommon. It is not so long ago that it was 





Jenkins and Parrington 


Skeletal reconstruction of a 
Triassic triconodont 


said that all their known remains could 
have been put in a shoe-box and, though 
the volume of their known fossils has 
considerably increased, it is still true that 
the overwhelming majority are isolated 
teeth or tooth-bearing fragments of skull. 
Study of their evolution is therefore still 
largely a matter of comparative 
odontology, as is reflected by the names 
of their orders: Triconodonta, 
Symmetrodonta, Multituberculata etc. 
These Dark Ages are particularly 
frustrating, for they separate the period of 
reasonably well-known Permo-Triassic 
mammal-like reptile evolution, which 
culminated in the very mammal-like 
cynodonts, from the Cenozoic period of 
well-documented, diverse, fully-evolved 
marsupials and eutherians (‘placentals’). 
This book is therefore an extremely 
valuable synthesis of our current 
knowledge of Mesozoic mammals. It 
includes an introduction and 14 other 
chapters, bya total of 12 authors — mostly 
from the USA, but also including Dr Zofia 
Kielan-Jaworowska from Poland. After 
the Introduction, Chapter 2 provides a 
summary, on a world-wide basis, of the 
state of the record of Mesozoic mammals, 
giving faunal lists for each locality or group 
of localities, brief discussions (where 
necessary) of geological age assignments 
and information as to what parts of the 
mammals are actually known from those 
localities. Seven of the chapters are 
devoted to the morphology and systematics 
of the different orders of Mesozoic 
mammal. For each of these, one table 
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Skeletal reconstruction of 
Zalambdalestes lechei 


provides a complete listing of the 
taxonomic hierarchy from order to species, 
giving their authors, and another table 
shows the known distribution of the genera 
in space and time. The tables are followed 
by sections devoted to the anatomy, 
systematics, phylogeny and ecology of the 
order. There is also a brief chapter 
evaluating current opinion on the 
relationship between the monotremes and 
the Mesozoic groups. 

The taxonomy of Mesozoic mammals 
used in the book is based on that of 
Simpson and Romer, and the editors have 
wisely decided that this was neither the 
place nor the time to embark on novel 
ventures in this field. Indeed, they have 
been extremely cautious, to the extent of 
refraining from formal use of the terms 
Prototheria and Theria in view of 
increasing scepticism about the theory that 
there was a corresponding fundamental 
dichotomy in early mammalian evolution. 
The book can therefore be used without 
needing to translate one’s memory of well- 
established usage into some new-fangled 
(and perhaps transient) system of 
taxonomic/phyletic interpretation, which 
is a considerable relief. 

Three evolutionary topics have been 
selected for treatment in particular detail. 


Direct methods and 
the phase problem 


C. J. Gilmore 


Theory and Practice of Direct Methods in 


Crystallography. Edited by M. F. C. Ladd 
and R. A. Palmer. Pp.421. (Plenum: New 
York and London, 1980.) $35, £22.05. 





DURING THE past 20 years, three 
developments have revolutionized X-ray 
crystallography. Two of them are well 
- known even to the non-specialist. The 
- automatic diffractometer has removed the 
drudgery of measuring the complicated 
diffraction pattern that results from the 
interaction of X-rays and crystals while, at 


Crompton and Jenkins discuss the origin 
of mammals from mammal-like reptiles. 
The gap between the two groups has been 
gradually reduced, and little change would 
be needed in the braincase, jaw-joint and 
dentition of the small chiniquodont 
cynodonts known from the Middle Triassic 
to turn them into the tiny, insectivorous 
morganucodont mammals of the late 
Triassic. Crompton and Jenkins believe 
that, although there are some differences 
between the structure of the braincase in 
the therian and non-therian mammals, 
these are not great, and certainly not so 
great as to suggest that these two groups 
originated from the mammal-like reptiles 
separately. 

Bown and Kraus give a clear, well- 
illustrated account of the origin of the 
tribosphenic molar, describing how it 
evolved from the three surfaces of the late 
Triassic symmetrodonts to the six surfaces 
of the early eutherians by the gradual 
proliferation of shearing surfaces. The 
proliferation was one aspect of the change 
in tooth shape that exploited the new 
masticatory process based on transverse 
shear rather than on simple puncture- 
crushing. 

In the last of these three chapters, 
Lillegraven discusses reproduction in 


the same time, increasing the speed and 
accuracy of the process. Similarly, 
processing this raw data to produce a 
crystal structure at an atomic level was also 
once an even more laborious business that 
has now been almost completely taken over 
by computers. As a result of these two 
advances over 2000 new crystal structures 
are reported each year; 20 years ago the 
figure was nearer 200. 

One stumbling block still remains. The 
step between the diffraction experiment 
and obtaining the crystal structure is not 
trivial, since the relative phases of the 
diffracted X-ray beams need to be 
determined and they cannot be measured 
experimentally. This is the crystallographic 
phase problem and it is here that there has 
been a third major development that is less 
well known. 

It is called ‘direct methods’ and is a 
technique by which phase angle 
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315 
Mesozoic mammals, „He provides a strong 
case for believin, that it was the evolution 
at could suppress 
maternal immunological rejection of the 
fetus that provided the eutherians with a 
decisive advantage over the marsupials. He 
also suggests that the pair-bonding or 
social structure, that in eutherians may 
have facilitated rapid genetic change and 
evolution, was impossible in marsupials 
because of the greater likelihood of 
maternal rejection of subsequent 
inseminations by the same, or a closely 
related, male. 

At the end of the book Lillegraven, 
Kraus and Bown summarize the palaco- 
geographical changes that took place in the 
Mesozoic world. As they point out, itis in 
the late Cretaceous that the mammalian 
fossil record becomes most complete, and 
therefore the possibility of accurate 
biogeographical interpretation becomes 
greatest. But, evem here, a good record is 
known from only rwo land areas, and only 
a few fragments are known from three 
others; in the remaining nine areas the 
fossil record is stent. Their con ne 
phrase — ‘‘We have muchi ay 
be taken as a suitable keyno 
this chapter, but for the be 

The book has an attr 
of the figures are cear and he ditors a are eto 
be congratulated on. ai *fault-free 
text. Though it would h improved 
by the addition of an- index, the 
organization of the book makes it easy to 
find topics and make cross-references. 
Mesozoic Mammais is an extremely 
valuable statement and synthesis of this 
field, both for these whose research lies in 
or near to it and atso for those who have to 
try to explain it in the course of their 
teaching. Li 
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information is obtained directly from the 
diffraction pattern by mathematical 
means. The subject started modestly 
enough 30 years ago as a mathematical 
curiosity and has grown to become the 
principai method by which the phase 
problem is now solved. It has allowed 
crystallographers to study a whole range of 
molecules that were previously inacces- 
sible, and it has revolutionized our know- 
ledge of structural chemistry. 

It is by no means a static field and there 
has been a large influx of new ideas in the 
last decade, but strangely there have been 
very few books on the subject. Pioneering 
monographs by Hauptman and Karle 
(American Crystallographic Association: 
New York, 1953} and later Woolfson 
(Oxford University Press: Oxford, 1961) 
are now outdated or unavailable, and more 
recent books have either been conference 
proceedings or have restricted themselves 
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to specialized aspects of the technique. 
Consequently, there is a need among 
crystallographers for a book that covers 
both theoretical and practical features of 
direct methods in an integrated and up-to- 
date way. 

This book does not quite achieve this. It 
contains ten chapters that discuss various 
aspects of direct methods, each chapter 
having a separate author. The editorial 
hand could have been firmer. Apart from 
the inevitable problems of duplication and 
overlap, each contributor has been allowed 
to use his own nomenclature which is 
consequently different in every section. 
This will confuse the non-expert and so 
limit the overall usefulness of the book. 
The index, too, is rather poor. 

There are, however, some excellent 
individual contributions. Rogers has 
written a thorough chapter on origin and 
enantiomorph definition, looking at what 
can be a difficult subject in a fresh and 
interesting way. Hauptman, who was one 


A wealth of virus 
lore 


D.H. Watson 


Introduction to Virology. By K. M. Smith 
and D. A. Ritchie. Pp.212. (Chapman and 
Hall; London and New York, 1980.) 
Hardback £12, $29.95; paperback £5.95, 
$14.95, 





THE STRENGTH of this book lies in its wide- 
ranging selection of examples from the 
world of plant and invertebrate as well as of 
vertebrate and bacterial viruses. Fungal, 
protozoal, mycoplasma and spiroplasma 
viruses are also mentioned. The reader will 
also benefit from K. M. Smith’s wide 
knowledge of the natural history of plant 
and insect viruses in particular, as well as 
from the beautiful electron micrographs 
(more profuse than is usual in a book of 
this size) which reach the excellent standard 
one would expect from this author. Many 
of these micrographs are of viruses not 
often represented in illustrations of more 
comprehensive texts. 

The order of presentation is a little 
unconventional and in some respects 
illogical; an elementary introduction to the 
general characteristics of viruses and a 
survey of the morphology of some 
representative viruses are followed by 
chapters on purification, classification and 
nomenclature, virus diseases of a wide- 
ranging selection of organisms, spread of 
viruses and latency, satellite viruses and 
virolds. 

At this stage are interpolated two basic 
chapters by Professor D.A. Ritchie on 
virus replication . and virus genetics. The 
chapter on replication in particular is a 
masterly summary of replication of the 
various groups of viruses. However, many 
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of the pioneers of direct methods, has 
contributed a clear and elegant summary of 
some recent theoretical developments 
including potentially important work on 
seminvariant theory. Another pioneer, 
Sayre, gives an account of phase expansion 
and refinement methods in his typically 
concise and illuminating style. There is also 
an interesting chapter by Argos and 
Rossmann on the molecular replacement 
method although its inclusion somewhat 
extends the customary boundaries of direct 
methods. 

Whether these chapters justify buying 
the whole volume is of course a personal 
decision. In any case, the price is not 
unreasonable for a book of this length. 
However, the field is still open for a 
definitive book on direct methods in X- may 
crystallography. = 2 g 


C. J. Gilmore is a Lecturer in Chemistry at the 
University of Glasgow, UK. 


teachers of virology would, I think, agree 
that this core topic should have been 
brought forward since an understanding of 
the basic principles of replication is a 
necessary preliminary to the study of many 
of the topics discussed in earlier chapters, 
for example latency. 

There follows a rather dated discussion 
of tumour viruses which only mentions 
virus isolation and electron microscopy as 
methods for establishing virus aetiology. 
Late in the book come tissue and cell 
culture of viruses and virus assay which are 
surely basic to much of the earlier chapters. 

The book concludes with a chapter on 
control of virus disease. This is sketchy in 
the extreme and also somewhat dated. The 
student reading the paragraphs on 
interferon will surely contrast the low-key 
treatment of interferon with what he picks 
up from the media. The selection of 
thiosemicarbazone as the only 
chemotherapeutic agent discussed for 
animal viruses is also likely to give a 
somewhat distorted view. 

The student requiring an introduction to 
the subject, either from the standpoint of 
another discipline or as background 
reading for an elementary course, would 
perhaps be better served by one of the other 
paperback volumes — say Primrose’s 
Introduction to Modern Virology 
(Blackwell Scientific: Oxford) now 
appearing in a second edition, although 
Ritchie’s chapter on replication would be 
very usefully read by him. Paradoxically, 
the book should perhaps be read by more 
advanced students because of the wealth of 
lore on viruses often perfunctorily treated 
in the more standard texts, and also for the 


wide selection of micrographs. = 


D. H. Watson is Professor of General 
Microbiology and Head of the Department of 
Microbiology in the University of Leeds, UK. 
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Mathematical 
plasma physics 


R.J. Bickerton 


Plasma Physics for Nuclear Fusion. By 
K. Miyamoto. Pp.610. (MIT Press: 
Cambridge, Massachusetts, 1979.) $50, £31. 








PROFESSOR Miyamoto’s book is aimed at 
postgraduate or advanced undergraduate 
students but it will be equally useful as a 
reference volume for research physicists in 
the field. The book was first published in 
Japanese in 1976 and has now just 
appeared in English. It appears to date 
effectively from about 1974 and is con- 
sequently dated in the more rapidly moving 
parts of the subject. 

The book opens with arguments in 
favour of nuclear fusion based on 
apparently unsubstantiated figures for 
future energy requirements and for re- 
serves of fossil fuels and uranium. There 
are then four sections in the book covering 
fundamentals, magnetohydrodynamics, 
kinetic description and finally heating 
diagnostics and confinement. Under fund- 
amentals we have particle orbits, field con- 
figurations, Coulomb collisions and the 
Vlasov equation. The magnetohydro- 
dynamic section includes toroidal 
equilibria of various kinds, plasma 
diffusion and a full range of instabilities. 
Topics considered under kinetic descrip- 
tion are waves in cold and hot plasma, 
Landau damping and microinstabilities 
due to inhomogeneities in real or velocity 
space. The final section covers heating by a 
variety of methods, plasma diagnostic 
techniques and a survey of confinement 
experiments. 

Professor Miyamoto’s view of the world 
is clearly mathematical rather than 
physical. The treatment is comprehensive 
but monochrome with no attempt made to 
highlight important concepts and no 
concessions are made or detail sacrified in 
the interests of clarity. In many cases the 
mathematical working is fully displayed so 
that derivations can be followed step by 
step. One result is that the book is a heavy 
read and less than gripping. The main body 
of the book is very weak and largely silent 
on the extent to which the theory being 
presented has been tested by experiment. 
Although it can be justified by the title it is 
nevertheless sad that that reader is given no 
impression of the relevance of the main 
body of plasma physics to non-fusion 
fields, in particular to astrophysics. 

The chief merit of the book is its 
completeness and in the detail of the 
presentation. As such it will be a useful 
reference book, although somewhat 
marred by acrop of misprints. z 
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Should academics make money outside? 


When, and under what circumstances, is it proper that 
academics should be involved with commercial enterprises? This 
question — always teasing — has been made more urgent by 
developments in the past few months which have involved 
academic scientists in attempts commercially to exploit the new 
techniques of genetic manipulation. Those concerned are likely to 
be by this stage keenly aware that many of their academic 
colleagues are deeply resentful of some of the most publicized 
developments. Harsh things are said over normally genteel coffee 
tables. There is a danger that the atmosphere of academic research 
will be soured, the reputations of academic institutions damaged 
and, perhaps worse still, the progress of research in this important 
field impeded. What is to be done? 

The events which have made this question an important issue 
are memorable enough. It is now more than a year since a group of 
molecular biologists at the University of California, linked both 
by their common scientific interests and by their membership of a 
company called Genetech, announced that they were in a position 
to develop the manufacture of insulin (and some other peptide 
hormones) by means of genetically manipulated strains of E. coli. 
The announcement, widely acclaimed as an important 
development, also prompted complaints that those concerned 
had fallen into unacademic habits of not talking as freely to their 
academic colleagues as would normally have been the case. Since 
then, the number of prominent academic molecular biologists 
caught up in extramural commercial activities has increased 
substantially, as has the volume of somewhat embittered 
complaint at what is going on. The activities of the company 
known as Biogen, based in Switzerland and organized principally 
by Professor Charles Weissmann of the University of Zurich, 
usually excite most comment, partly because of the distinction of 
the academic scientists linked with it, partly because of the 
company’s willingness to talk about itself and partly because of 
the somewhat breathless press conference on the prospects of 
manufacturing interferon with genetically altered E. coli held 
improbably at the Waldorf-Astoria Hotel in Manhattan earlier 
this year. Colleagues of those involved have now taken to 
complaining that such events are likely to undermine the integrity 
of academic life, to cloud the supposed single-mindedness of 
academic researchers in the pursuit of what might be called the 
truth and to create restraints on the normally free flow of 
information within the academic community. 

Everybody will agree that the issues raised by these 
developments are complicated and are unlikely to be resolved 
quickly. Several sets of conflicting considerations intereact. 
Perhaps the most serious impediment to a proper resolution of 
these difficulties is that, so far at least, too little has been done, by 
commercially inclined academics or by their critics, to define the 
issues which perplex them. No list of these could at this stage be 
complete, although a few bones of contention prominently stand 
out. It goes without saying that the issues, whatever they are, are 
most difficult when academics rather than, say, public employees 
are concerned, but this is not to say that important conflicts of 
interest do not arise when, for example, employees of the 
National Institutes of Health in the United States, or of the 
research councils in the United Kingdom, find themselves inclined 
to cash in on their expertise. 

Universities are the chief testing grounds for the underlying 
principles because universities are proud to call themselves self- 
governing communities of scholars. Even if, in practice, many 
universities fall short of this ideal, seeming to be uneasy alliances 
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of warring factions (departments) or grudgingly subject to the 


inclinations of their administrators, it isa mark of grace that the 


ideal is so often held to be desirable. Doesit necessarily follow that 
extramural commercial interests by some members of such a 
community are incompatible with the ideals they and their 
colleagues hold? The answer is complicated by the way in which, 
especially in recent years, many governments have urged that 
universities should contribute more directly to the economies 
which ultimately support them, and by the way in which 
universities themselves, for the best of educational reasons, have 
sought to attract teachers with practical and even continuing 
experience of industry. It is also important that the problem is by 
no means a creation of the past few years. In what sense, if any, 
does a molecular biologist with an interest in the success of some 
commercial genetic manipulation enterprise differ from, say, an 
academic who happens to be a successful novelist or textbook 
author, or from one who spends a substantial part of his time 
consulting for an engineering company or a drug house? 

The simplest conclusion, a necessary but not sufficient 
condition of propriety, is that an academic should carry out the 
duties required of him by his contract of employment. The 
difficulty here is that while it is relatively easy for heads of 
departments to assess a person’s diligence (though not his flair) in 
teaching, the standard requirement that he or she should also be 
active in research is much harder to evaluate. This, no doubt, is 
why many universities now require that academics should spend 
no more than one day a week on outside work. Itisarule of thumb 
which does at least ensure that an academic with outside interests 
has some time in which to pursue research. (In the United States, 
the growing zeal of those responsible for the public audit of 
research grant expenditure may turn out to be a tighter 
restriction.) Such requirements, of course, cannot ensure either 
the quality or the single-mindedness of a person’s research, but it 
is a fair guess that those most able to contribute to the success of 
commercial enterprises outside their universities are likely also to 
be among the most valuable teachers and the most creative 
researchers. In the present wave of grumbling about the activities 
of molecular biologists, allegations ef the neglect of simple 
academic duties are conspicuous by their absence. 

A much more serious charge is that external commercial 
interests create intolerable conflicts of interest within academic 
laboratories. For how, if academic A is linked with some 
company, can academic B talk freely, over coffee or at some 
departmental seminar, of his own work in a related field? The 
difficulty is real, and those who have complained at recent 
developments are entirely right to say that too much of this could 
easily endanger not merely the social climate but the creativity of 
university laboratories. It is partly for this reason that many 
universities (but, shamefully, not al) require that academics 
should declare their outside interests to the heads: of their 
departments. That is the very least that they should ask. For one 
thing, even though the head of a department may be apprised of 
his colleagues’ outside interests, other researchers appear often to 
be unaware of what their colleagaes are about. In these 
democratic days, is there not at least a case for asking that the 
disclosure of people’s outside interests should be common 
knowledge within each closely-knit group of colleagues? And 
would it not be seemly and also important that heads of 
departments should themselves be required to spill the beans to 
those who work for them? That disclosure on this limited scale 
might be embarrassing to the academics concerned, or that 
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up to on the side, is unfortunate but unavoidable. Yet this, too, is 
merely a necessary but not a sufficient condition of seemliness. 
The third and perhaps the most intractable cause of present 
discontent is, bluntly, that many academics are resentful of the 
money their colleagues stand to make from outside involvement. 
Even if, as seems probable, biotechnology turns out to be less like 
a gold mine than some people have been supposing, great 
disparities of income have arisen in the past and will no doubt 
arise in the years ahead. The problem is to decide what is seemly. 
If an academic should write a successful novel, his colleagues may 
envy him but they have no more right to complain than if he were 
to win a fortune in some lottery. If, on the other hand, his 
extramural rewards are dependent on some special knowledge 
derived from his position within the group of academics to which 
he belongs, his colleagues are rightly resentful. If his profit should 
in part derive from the use of university facilities, laboratories or 
computers for example, wider issues arise. In such circumstances, 
indeed, it is only equitable that a person’s profit should be shared 


Reviving (in the US) 


The United States Congress seems bent on an exercise that 
resembles the re-invention of the wheel. Last week (see Nature, 17 
July) it became known that the Department of Commerce is 
working on plans for the setting up of a number of ‘‘generic 
technology” centres and that both the Senate and the House of 
Representatives are ready to approve whatever scheme comes 
forward. Generic technology is the ugly name for what appears to 
be basic research related to some branch of industrial technology. 
Both the Department of Commerce and the Congress have it in 
mind that public funds should be used to launch a number of these 
centres, but that the industries most likely to benefit should 
provide an increasing proportion of the budgets of the centres, 
allowing the federal budget to be used for other purposes after the 
five years or so. Opinions, it is reported, are divided on the 
question whether universities should be given an important role in 
the management of the new centres. The antecedents of this 
proposal are as respectable as anybody could — the report of the 
level-headed Advisory Panel on Research and Development that 
contributed to last year’s grand review of federal policy. 

In reality, the new proposal in the United States is a neat 
amalgam of two kinds of institutions already tried in Britain. Is it 
too much to ask that Congress might profit from a study of the 
mixed success of the British experiments? The two kinds of 
enterprises concerned are the industrial research associations, 
originally recommended in the United Kingdom while the First 
World War was under way, and which have been over a 
switchback of ups and downs since their creation, and the ecology 
centres set up by Mr Anthony Wedgwood Benn (nor Mr Tony 
Benn) during his spell in the then Ministry of Technology in the 
late 1960s. The research associations resemble the American 
centres now proposed in that they were originally financed in 
partnership between central government and the group of 
industrial companies most likely to benefit. The more recently 
created technology centres were intended to be concerned with 
rather more specific problems than those which provided bread 
and butter for the research associations, but it was intended from 
the start that they would be based in universities. Again (for this is 
the way that governments think) the intention was that industry 
should take over financial responsibility for these centres in the 
course of time. 

How well have these parallel devices worked? Most probably it 
is unfair to judge their success from successive British 
governments’ opinjons of them, but the research associations 
have lived through a succession of unpleasant ups and downs. 
When the wind was blowing in their direction, in the late 1950s 
and early 1960s, public policy stemmed from the conviction that 
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with the institution to which he belongs. A neat way of doing this 
emerges from the constitution of the French company Transgéne 
(see Nature, 10 July) where the University of Strasbourg and the 
Pasteur Institute will each hold a small percentage of the shares. 

There are many, no doubt, who will argue that even these three 
conditions — diligence, open disclosure and profit-sharing where 
special knowledge is involved — are insufficient. Others will be 
attracted by more ambitious if more cumbersome ways of 
enabling academics to contribute to industrial development — 
companies or corporations set up by. universities, for example. 
Universities differ sufficiently among themselves for the outcome 
of full-blooded debate on these issues to vary from place to place. 
There would be no harm in that. The danger lies in the virtual 
absence of debate. Academics grumble among themselves, but 
have done very little to ensure that their grumbles are openly 
discussed. While that reticence persists, the capacity of 
universities to contribute to industrial development will be 
impaired, while their reputation as self-governing communities of 
scholars will be tarnished. 


an old British recipe 


some of the ills of British industry might be cured if only there 
were a mechanism for making sure that basic research germane to 
important sectors of manufacturing industry was effectively 
undertaken. During this period, public funds were used on a 
modest but impressive scale and new research associations were 
from time to time created. They fell from favour for a variety of 
reasons. Some of them turned out to be second-rate. Some of 
them turned out to be more interested in the provision of market 
research than basic research. Others were undermined by the 
unwillingness of successful industrial subscribers with their own 
programmes of research and development to allow research 
associations more than a peripheral role. Central government, 
having agreed in the 1950s that the research associations should be 
a continuing charge on public funds, eventually changed its mind 
— and then found the process of making the research associations 
stand on their own feet more painful than it had imagined. The 
end result, however, is that some thirty substantial and apparently 
valuable research associations have survived from this half- 
century of initiative. 

The British government’s attempts to set up technology centres 
in universities have, by comparison, left hardly any trace. To be 
fair, the plan was hardly given a fair trial. Mr Anthony 
Wedgwood Benn (as he then was) swept into the Ministry of 
Technology in 1966 with a sheaf of plans for stimulating industrial 
research. To begin with, half a dozen centres of tribology 
(lubrication etc.) were set up, but plans to create a number of 
more broadly based centres were frustrated by the defeat of the 
Labour government in 1970. For what it is worth, some of these 
centres survive, making their way in the world with the help of 
funds from the University Grants Committee, the Department of 
Industry and fees for contract research. As such, they do not 
greatly differ from the industrially orientated centres for research 
and development that universities and polytechniques have set up 
on their own initiative. 

What lessons should the United States Congress and the 
Department of Commerce draw from this experience? The first 
need is that they should know that it exists. Most probably, they 
should also reconcile themselves to providing support of some 
kind for the centres they plan to set up for rather longer than is 
now apparently foreseen. Industrial companies will pay up only 
when they know from experience that a new centre is doing a 
useful job. The successful research associations in Britain are 
those which have served industries (such as the water industry) 
where the potential members have little tradition of basic 
research. British experience throws little light on the usefulness of 
links with universities, but Congress might push tn that direction. 
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British biotechnology boat comes 


The plan to set up a British biotechnology 
= company, much talked of recently (Nature, 
'§ June) came into the open this week. A 


< company has been set up with an initial 


capital of £12 million, between 40 and 50 

per cent of which will be provided by the 

National Enterprise Board. It is hoped that 

it can be registered as Celltech, but the 

formalities had not been completed on 
Monday. 

_ oo Themanaging dieo will be Mr Gerard 
ai Fairtlough, until two years ago joint 
managing director of Shell UK Limited 
with responsibility for the £300 million 
turnover of the petrochemical part of the 
enterprise, and who has since then been a 
division head at the NEB. 

Mr Fairtlough said this week that the 
NEB had been looking at the opportunities 
in biotechnology since the early autumn of 
last year, when it commissioned a study of 
the opportunities, apparently from 
Professor J D Watson, director of the Cold 
Spring Harbor Laboratory in the United 
States. At that stage the NEB had not 
x known that Sir Alf Spinks was working on 

areport on biotechnology for the Advisory 
Council on Applied Research and 
Development (ACARD). 

The new company will be jointly Sana 
by the NEB (the largest shareholder) and 
four commercial partners — the Prudential 
Assurance Company Limited, the Midland 
Bank Limited, Finance for Industry and 
British and Commonwealth Shipping 
Limited. It is intended that roughly a third 
of the board of the company should be 
molecular biologists. 

The new company plans to recruit 
between 50 and 75 people over the next two 
years. It will not build a laboratory of its 
own but will use existing premises. The 
location has not been finally decided, but 
may well be in Cambridge. 

«The company has taken trouble to come 
to good terms with the Medical Research 
Council, and claims that it has a 
“framework for collaboration” that will 
allow it to place contracts with MRC 





laboratories and to have access to MRC 


‘tideas’’. The embryo company has also 
been talking to two other institutions, not 


openly identified but probably including 


the Imperial Cancer Research Fund. 
Mr Fairtlough says that particular 
trouble has been taken to study the ways in 


which molecular biologists might be 


involved with the new company. 
Appreciating that some may wish to make 
money out of their skill, and that others are 
offended by the notion, it is planned that 
the company will make commercial 


arrangements only with the institutions to 


which people belong, leaving them to 
decide how individuals should be paid. 
-At the outset, the new company will 
_ make and sell monoclonal antibodies, but 
will also explore longer-term projects. It is 
laid down that the company should make 


maenna. 
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money out of something within two or 
three years. The phrase ‘‘lean and hungry”’ 
is much used. The first opportunities will, it 
is said, be in the field of diagnostic tests. 
At the same time, the NEB is anxious 
that the company should be financially 


strong enough to tackle ‘‘big things’’. The 


company will not always seek to market its 
own products to their ultimate users, but 
will be content with selling licences for 
manufacture by others where that seems 
the best course to follow. 

The board of the NEB itself is said to be 
pleased at having launched its first 
‘‘constructive project’? — since the 
previous board resigned en bloc last 
November, the board has been primarily 
concerned with housekeeping. The fact 
that the NEB rather than the National 
Research Development Corporation has 
become the chief public sponsor of the new 





biotechnology company is not oniy a ‘sign | 
of its skill but a mark of the disfavourin — 
which the NRDC finds itself with academic 
scientists in general and those working for 
the Medical Research Council in 
particular. E 

On the question why the present British 
government may have sanctioned this 
modest investment, Mr Fairtlough said 
that the involvement of private capital had 
been a necessary condition, given ‘‘the way 
our guidelines have been evolving’. He 
said that the new company would succeed 
if it could show that it had a ‘‘distinctive 
competence’ and if it combined a hard- 
headed appraisal of the market with a 
capacity to make better use of people’s 
talents. He considers that Celltech will be 
able to establish better relations with 
academic scientists than companies such as 
Génetech and Biogen. 


Supreme Court stirs up more fear 


Washington : 

Recombinant DNA research is moving 
from the frying pan to the fire. Last 
month’s decision by the US Supreme Court 
to permit the patenting of live micro- 
organisms has started a new round of 
public debate about the conditions under 
which recombinant DNA research should 
be carried out. 

When the National Institutes of Health 
formulated safety guidelines in 1976, the 
main concern was the potential health 
hazard. Attention is now concentrated on 
the rights of ownership and control over 
natural processes. : 

The Supreme Court ruling has crystal- 
lized various areas of concern. Several 
scientists, for example, have expressed 
their fears that the decision to allow a 
patent on a strain of Pseudomonas 
bacterium, developed by research workers 
with the General Electric Company by 
inserting foreign plasmids, could create 
barriers to the free flow of research ideas. 
Others disagree, claiming that the 
requirement to publish details of a patent 
ensures that the information will be 
publicly available. And the American 
Society for Microbiology is sponsoring a 
meeting in Washington this week to 
explore such areas of disagreement. 

The ASM meeting will debate ‘‘the 
proper role of the patent laws in genetic 
research and development’’. Questions to 
be discussed include that of whether the 
law should be modified to preclude 
exclusivity or monopoly over a 
microorganism; and,more generally, 
whether the decision is consistent with the 
objectives of the microbiological and 
biomedical scientific communities. 

Professor Emilio Schaechter, chairman 
of the committee organizing the ASM 
meeting, highlights one particular area 
needing attention, that of how research 


using recombinant DNA _ techniques 
should be regulated in the private sector. 
Although NIH operate a system of 
voluntary compliance with their safety 
guidelines, they have no desire to act as a 
full-blown regulatory agency. NIH are 
considering delegating most safety 
decisions to local biohazard committees, 
and there is concern that the regulatory 
apparatus may be inadequate. 

The Department of Labor’s 
Occupational Safety and Health 
Administration is already taking steps to 
define its own role, including setting up å 
committee to outline voluntary control of 
the exposure of workers to processes 
involving recombinant DNA techniques. 

Both the closeness of the Supreme Court 
decision — a five to four majority —— and 
the justices’ opinions on both sides provide 
an open invitation to Congress to look 
more closely at the patenting question. The 
four minority justices wrote “‘it is the role 
of Congress, not of the court, to broaden 
or narrow the reach of the patent laws”. 
For the majority, Chief Justice Warren 
Burger admitted that the court’s decision 
had been reached on a narrow 
interpretation of present patent law and 
added that Congress was free to amend the | 
law to exclude from- patent protection 
organisms produced by genetic 
engineering, or to ‘‘craft a statute 
specifically designed for such living 
things’’. 

Pope John Paul H warned in an address 
to Unesco that genetic manipulation might 
be applied to ‘‘ends contradictory to those 
of humanity”. Four days after the 
Supreme Court’s decision was announced, 
religious groups representing Protestant, 
Catholic and Jewish viewpoints issued a 
statement which said that the questions 
raised by genetic engineering — who 
should control it, who would benefit and 
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who might bear adverse consequences — 
dealt with “the fundamental nature of 
human life”. ` 

Finally, the wholeissue may come under 
review by the newly established President’s 
Commission for the Study of Ethical 
Problems in Medicine and Biontedical and 
Behavioural Research. Following an 
approach from the National Council of 
Churches,. the commission is exploring 
whether any major reviews of the ethical 
implications of genetic manipulation are 
already in progress. If not, the subject 
might be selected for study by the 
commission when it meets in September; 


| David Dickson 
Biotechnology 
European setback 
Brussels 


THE European Commission’s programme 
of research in biotechnology was seriously 
set back last week, when a meeting of 
CREST failed to endorse the programme 
or even to agree on a compromise. Over the 
past four years, the commission has de- 
veloped a plan for spending £28 million 
Over tne next five years (half of it to be 
supplied by national governments) on a 
number of projects. 

France was the chief stumbling block at 
last week’s meeting of CREST, the com- 
mittee which advises the European Com- 
munity on research and development 
policy. French representatives argued for 
an alternative programme of fellowships to 
help train potential genetic engineers. The 
meeting of CREST was the last at which the 
biotechnology programme will be con- 
sidered —- a decision on what to do now 
rests with the Council of Ministers of the 
European Community, on which France 
will be able to exercise its veto. 

According to reliable national sources, 
the council will have to choose between the 
commussion’s original plan, the French 
proposal and a compromise between the 
two supported by the United Kingdom. 
That would entail spending a total of £18 
million over only four years and the 
elimination of some of the research 
projects proposed by the commission. 

The CREST decision has caused much 
ill-feeling among European states. West 
German celegates at the meeting last week 
supported the French position, but more 
flexibly. One angry Dutch observer said 
last week that the smaller European states 
would feel misled by the larger states. An 
Italian offical said that France had 
opposed the commission’s plan because it 
wished to keep all proce with ‘‘pace’’ to 
itself. 

The difficulty now is that the Council of 
Ministers, when considering the bio- 
technology programme, will be advised by 
an ad hoc scientific subcommittee of 
COREPER — the committee of com- 
munity ambassadors in Brussels, which is 
well used to taking political considerations 
into account. It could, for example, think 





(028-0836 /80/ 10322-02901 .00 ° 


of trading an agreement on the 
biotechnology. programme for an 


agreement on sheepimeat. 

There is nevertheless a chance that a 
compromise proposal may be adopted, if 
Germany can be persuaded to agree. The 
compromise would involve restricting the 
research projects to: 

@ the development of new reactors 
involving immobilized multi-enzyme 
systems; 

@ the transfer of genes to Escherichia coli, 
Saccharomyces cerevisiae, ane other 
Organisms; 

@ gene transfer in microorganisms and 
plants important important to Ber CUA: 
@ safety studies. 

The compromise also emphasizes mo- 
bility of manpower, in line with the French 
proposals, by devoting 30 per cent of the 
budget to training of foreign nationals in 
national laboratories, training of industrial 
scientists in university laboratories, and 
short courses in biohazards and safety 
measures. However, the French proposal 


‘does not mention safety questions, which 


must be satisfactorily answered if public 
confidence in the emerging technology i is to 
be maintained. 

= In Britain, the possible demise of the 
European initiative is seen more as a danger 
signal than as an unmitigated disaster. Dr 
Duncan Davies, Chief Scientist at the 
Department of Industry, and chairman of 
the Cabinet Official Committee on Bio- 
technology which has just produced a draft 
White Paper on biotechnology in Britain, 
told the House of Lords recently that the 
commission programme — as it would 
affect the UK — would amount to only 10 
per cent of the probable British effort over 
the next five years. 

At Imperial Chemical Industries 
Limited, which probably has the most 
advanced industrial biotechnical team in 
Britain, the loss of the European 
programme is seen as less sad for ICI than 
for “UK Limited’. Things could be done 
on the European scale, said Dr Bernard 
Langley of ICI’s Policy Group last week, 
‘‘which would help everyone’’. Coordinat- 
ing safety standards and experimentation 
and developing new host-vector systems 
were examples. 

In academic circles, where the UK 
Spinks report on biotechnology re- 
commended an immediate injection of 20 
new posts, and cash, the loss of com- 
mission money is taken more seriously. 
“Unless we have more posts soon, we are in 
deep trouble’’ said one leading 
biotechnologist last week. ‘‘And I see no 
sign at all of the Department of Education 
and Science taking an intelligent interest in 
the issue.” The loss of the European 
programme could be the end. 

The dratt version of the White Paper 
currently in circulation also may be little 
consolation to Britain’s biotechnologists. 
According to one comment, “‘it offers 
everything short of real help’’. 

Robert Waigate 
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Yugoslav acade nics 


No O liberalization 





At least for academics and scientists in 
Yugoslavia, there seems to be little sign of 
the liberalization expected to follow Tito’s 
death. 

Ivan Supek, a leading Yugoslav nuclear 
physicist and an active participant in the 
Pugwash movement, has just published in 
Britain a defence of his view that scientific 
research must be based on ethical 
principals, and of his resolute opposition 
to nuclear weapons. His views, he claims, 
have been consistently misrepresented by 
the official Communist press, which treats 
him, at best, as some kind of Don Quixote. 

Supek, who is now head of the Institute 
of the History and Philosophy of Science in 
Zagreb, was formerly in charge of the 
Rudjer Boscovic Institute of Theoretical 
Physics in Zagreb. While working there, he 
watched with increasing alarm the develop- 
ment of a nuclear institute on the outskirts 
of Belgrade where, he suspected, prepara- 
tions were being made for the development 
of nuclear weapons. 

His own anti-nuclear campaign of the 
1960s was, he says, only one aspect of a 
growing discontent among intellectuals 
and scientists, who felt their status had 
been devalued by the Party in the name of 
the working class. The University of 
Zagreb’s 300th anniversary in 1969 was 
seized on by the academics as a unique 
opportunity to redress the balance. 

The appearance of Supek’s apologia 
coincides with an appeal to the world 
academic community by seven professors 
from the University of Belgrade for 
support in their campaign against the latest 
revision of the Serbian law on universities. 

These lecturers were closely associated 
with the. philosophical journal Praxis, 
founded in the mid-1960s as the organ of 
the Croatian Society for Philosophy. 
Originally in the hands of Zagreb 
academics who took a generally social 
democratic line, it gradually became 
associated with the more liberal-marxist 
Belgrade. philosophers. Finally, it was 
closed in 1975, and eight lecturers were 
suspended. They were not allowed to 
teach, lecture or publish; they did, 
however, draw a reduced salary and could 
benefit from the free health service. 

Their status will however be radically 
changed by the revision of Serbian law on 
universities, passed on 5 June. Under the 
previous law, (introduced in 1974) lecturers 
could be suspended if they ‘‘damaged 
social interests’’. Under the new law, they 
can be sacked after two years’ suspension. 
Persons already suspended for more than 
two years will be sacked in six months’ 
time. The seven lecturers still under 
suspension (one has since found another 
post) maintain that this law has been 
brought in specifically to deal with their 
case. They further state that it is 
unconstitutional, being against the 
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Yugoslav Federal Labour code in which the 
specified grounds for dismissal do not 
include the nebulous charge of ‘‘damaging 
social interests’’, and because it specifically 
excludes any right of appeal. Most 
seriously, they see it as a violation of the 
Universal Declaration of Human Rights 
and the Helsinki Final Act, both of which 
have been ratified by Yugoslavia. They 
conclude that such ‘‘arbitrary interference 
and discrimination constitutes not only an 
act of harassment but an act of imperilling 
the very conditions of existence of a 
scholar’’. 





Vera Rich 
Scientists’ pay 


UK rumpus 

A decade of discontent among scientists 
in the British Civil Service will come to a 
head on 5 August, when the dispute about 
salaries for 1980 will go to arbitration. The 
most immediate issue to be settled is 
whether the Civil Service will accept the 
latest pay offer by the Civil Service 
Department (CSD). Underlying the 
dispute, in which the Institution of 
Professional Civil Servants has taken most 





of the weight, is whether existing methods 
for settling Civil Service pay should apply 
to scientists. 

The chief humiliation in this year’s pay 
offer is that some grades of the scientific 
Civil Service are to be offered no increase 
of salary. After a period in which the 
general level of salary increases in the 
United Kingdom has been running at 
something like 20 per cent, it is not 
surprising that passions have been roused. 

Thus the salaries of those at the top of 
the Senior Principal Scientific Officer 
grade will, if the CSD proposal is 
unchanged by the arbitration award, 
remain unchanged between 1979 and 1980. 

Mr William McCall, general secretary of 
the IPCS, has said in a circular to his 
members that the offer of 1980 salaries is 
‘‘disgraceful’’. The offer, if it is upheld by 


arbitration, may have repercussions 


outside the Civil Service, and among the 
staffs of research councils in particular. 
The pay of scientists in the British Civil 
Service has been a contentious issue since 
the early 1970s, but the professionals 


‘within the service appear to be divided in 


how they would like to see the present 
arrangements changed. The ICPS bases its 
complaints chiefly on the use of what is 


Long-standing pay dispute continues 


The dispute between the Civil Service 
Department of the British government 
and the Institution of Professional Civil 
Servants, the principal union represen- 
tative of government scientists, has 
been rumbling on for two years. Since 
the early 1970s, the institution has 
reluctantly agreed that the pay of some 
categories of scientists should be 
determined on the recommendations of 
the Pay Research Unit Board, which is 
responsible for comparing civil 
servants’ salaries with those of 
comparable groups outside. 

The institution’s misgivings about 
‘pay research” for fixing the salaries of 
scientists stems from its belief that the 
Civil Service, which is the ‘‘largest 
single employer’’ of scientists working 
in research and development, is also a 
major influence on outside salaries. It 
also holds that pay research does not 
provide for the practice within the Civil 
Service of allowing for the promotion 
of individuals on the grounds of merit 
and says that career patterns outside 
are, in any case, quite different from 
those within the service. 

The notion that civil servants should 
be fairly treated compared with people 
doing comparable civil work has been a 
cornerstone of Civil Service salary 
determinations since the Priestley 
Commission reported in 1956. More 
recently, however, the Fulton 
Commission on the organization of the 
Civil Service in 1968 advocated two 
further principles —- the barriers 
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between the scientific and the admin- 
istrative branches of the Civil Service 
should be broken down and salaries in 
the two branches should be linked. 
From 1968 until recently, the salary 
scales of Principal Scientific Officers 
and of Principals (in the administrative 
branch) have thus been identical. 

The first breach in this principle came 
last year, when Principal Professional 
and Technical Officers (including 
engineers) in the Civil Service were 
awarded a salary increase which, 
although three per cent above the 
general increase, gave them salaries 
which were £729 less than those of 
Administrative Principals. 

This year, scientists within the Civil 
Service come off even worse. The offer 
from the Civil Service Department on 
26 June, based on the work of the Pay 
Research Unit, would have increased 
the salaries of all but the more senior 
scientists in the Civil Service by between 
14.0 per cent and 25.3 per cent. Senior 
Principal Scientific Officers, of whom 
there are more than 700, were however 
offered no increase of salary, while it 
was proposed that four points should be 
added at the bottom of the salary scale 
to be occupied by future entrants. 

Senior Scientific Officers and 
Principal Scientific Officers also fare 
badly, with increases at the top of the 
pay scales concerned of 9.1 per cent and 
6.2 per cent respectively. More signifi- 
cantly, to many civil servants, the link 
with the salaries of Administrative 
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called ‘“‘pay research’’ to determine public 
servants’ salaries. 

This procedure entails the search for 
groups of scientists carrying out 
comparable work in the private sector of 
British industry. Quite independently, the 
use of pay research for determining civil 
servants’ pay has recently been criticized in 
the United Kingdom on the grounds that 
the comparisons are flattering to the Civil 
Service and in any case take no account of 
the value of index-linked pensions to which 
retired public servants are entitied. 

The IPCS objects to pay research 
because of the element of circularity which, 
it says, is likely to be introduced into the 
comparison because the Civil Service is the 
largest employer of scientists on research 
and development in the United Kingdom. 
But it also says that for some categories of 
senior people, suitable comparisons with 
private industry do not exist. 

Other members of the scientific Civil 
Service are, on the other hand, anxious that 
there should be a more radical revision of 
the arrangements for regulating both pay 
and career prospects for scientists in the 
Civil Service. One body of opinion holds 
that the pay of scientists in the Civil Service 
compares well with that of scientists in, 


Principals has been broken — under the 
terms of the new offer from the Civil 
Service Department, the salaries of 
Principal Scientific Officers would in 
future be nearly £2,000 less than those 
of Administrative Principals. 

The basis for the offer apparently 
rests, at least where the PSO grade is 
concerned, on the observation by the 
Pay Research Unit that in many 
industrial companies scientists are paid 
less than engineers. This has been held 
to justify the differential between the 
salaries of the Principal grades for 
scientists and engineers. | 

One of the issues in dispute between 
the Institution of Professional Civil | 
Servants and the Civil Service 
Department is that of whether pay 
research can apply tothe salaries ofthe | 
small numbers of people in the grades of 
Senior Principal Scientific Officer and 
above. The CSD is insisting that 
comparisons with outside industry are 
possible at least for the SPSO grade. 

There is also a dispute about the 
applicability of the agreed arbitration | 
procedure. | 

| 





Maximum salaries offered for 1980 


Grade No.in Salary Percentage 
service offer increase 
(1979) 

Senior Principal 

So* 728 £15,748 Nu 

Principal SO 2,458 £12,050 6.2 

Senior SO 3,830 £9400 9.1 

Higher 50 4,194 £7,900 17.3 

SO 2,982 £6,400 16.7 

Assistant SO 3,120° £4,928 


i 
22.2 | 
i 
i 
| 


*SO = Scientific Officer. 
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say, academic life, but that it would be in 
the long-term interest of those working as 
professional people within the Civil Service 
that something should be done to remove 
the barriers between the professional and 
administrative career tracks. 

Although the Fulton Commission in 
1968, in the course of its attack on the 
generalist as senior Civil Servant, 
advocated more administrative respon- 
sibility for professional civil servants, 
many scientists in the service are bitterly 
disappointed that so little has been done to 
implement these recommendations. 





US science budget 


Stability ahead? 


Washington 
Locked once again into the annual 
congressional switchback over research 
funds, science policy administrators in 
Washington have eagerly endorsed plans to 
place key aspects of the congressional 
budget review process on a multi-year 
basis. On 21 July, the House of Represen- 
tatives passed a bill submitted by its Science 
and Technology Committee that would 
require the Administration to provide two- 
year (or longer) estimates of major research 
and development expenditures as part of its 
annual budget request to Congress. 

The objective is that any authorization 
committee should then be able, if it so 
chose, to approve research programmes 
for two or more years. At present, most 
research spending has to be authorized 
annually (except for the National Institutes 
of Health, for which new authorizing legis- 
lation is now under consideration (Nature, 
22 May)). 

Multi-year authorizations would affect 
only part of the budget process. Decisions 
on appropriations (authority to spend) are 
usually more significant and these would 
continue to be decided annually. Even so, 
supporters of the new legislation hope that, 
if a companion bill can be coaxed from the 
Senate, the result will be a first step towards 
greater stability and continuity for research 
finding. Some even see it as a ‘“‘pilot 
endeavour’’ for multi-year funding of 
federal programmes in general. 

The idea appeals equally to Congress, to 
the Administration and to leaders of the 
research community. In the first place, it 
would cut down considerably on the 
amount of time and effort now required of 
all parties. 

But as Dr Frank Press, director of the 
Office of Science and Technology Policy 
(OSTP), told a recent hearing on the bill, 
“by its mature, most research and 
development has to be carried out over a 
lengthy time-frame’’. 

Some hope that the reduced commit- 
ment would provide more time for more 
detailed examination of specific policy 
proposals, and that multi-year authori- 
zation would help to improve the climate 
for long-range planning of research, a goal 
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that frequently conflicts with the need to 
respond to fluctuating political demands. 
The result should be, according to the bill’s 
supporters, that research and development 
expenditure is less vulnerable to short-term 
changes in the fiscal climate. As things are, 
research and development suffers because, 
although it is a relatively small proportion 
of the overall federal budget, it represents 
almost a quarter of that which is not 
predetermined by specific laws, those 
concerned with social security for example. 
Extending the timescale of federal 
planning for research happens also to 
accord with ‘“‘the budgetary philosophy of 
this Administration’’, according to Mr 
Bowman Cutter, executive associate 
director of the Office of Management and 
Budget (OMB). 

In practice, however, multi-year 
planning will be difficult; the Office of 
Technology Assessment has told the 
committee that simple and flexible 
methods will be needed for treating 
inflation for example. Inflation affects 
research and development differently from 
other part of the federal budget; Dr Press 
has told the committee that many areas of 
science suffer from the ‘‘natural’’ built-in 
inflation that comes about because 
research becomes more sophisticated and 
the equipment and technical support 
required correspondingly more costly. 

The House committee has taken Press’s 
point. The legislation now passed by the 
House would require OSTP to assist and 
advise OMB on the evaluation of the 
effects of inflation factors on research and 
development and to suggest how they 
should be allowed for. 

Most of this is relatively uncontroversial. 
Less so are proposed changes in the report- 
ing requirements which existing legislation 
imposes on the OSTP and the National 
Science Foundation (NSF) to keep 
Congress up to date with the direction and 
intentions of official research and 
development policy. In particular, the new 
bill would dispense with OSTP’s annual 
report to Congress on the nation’s research 
and development. Instead, the NSF would 
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be required to produce a broad outlook 
every four years with revisions every two 
years. OSTP officials make little secret of 
their scepticism about the usefulness of 
such reports, hitherto required by the 
Presidential Science and Technology 
Advisory Organization Act of 1976, and 
the House Science Committee now appears 
to agree. 

Some members of Congress, however, 
feel strongly that OSTP should be making 
public policy statements about the general 
health of research and development and 
the directions that it should be taking. They 
are thus unhappy about OSTP’s apparent 
abdication of responsibility for long-range 
planning which, they claim, is explicitly 
required by its legislative mandate. Mr 
George Brown, a member of the House 
committee, in a minority report on the new 
bill, says OSTP has brought upon itself the 
difficulties it has encountered in preparing 
the reports required by law. There is reason 
to believe that the General Accounting 
Office is about to issue a report that is 
severely critical of OSTP on the same 
grounds. David Dickson 


India in space 


One up so far 


India has taken another step into the 
space age. Last week, the second test flight 
of the 17-tonne SLV-3 launcher success- 
fully placed a small satellite into near-Earth 
orbit, making India one of a select group of 
countries with independent satellite launch 
facilities. SLV-3’s first test flight last year 
ended in disaster when the rocket fell into 
the Indian Ocean 15 minutes after lift-off 
from the Sriharikota launch pad off India’s 
east coast. | 

Mrs Gandhi’s announcement that the 
second test flight was a success came during 
a debate in the Indian lower house (Lok 
Sabha) on defence ministry grants, leading 
some observers to speculate that the main 
impetus behind the rocket’s development is 
military. India has never denied that its 
expertise in space technology could be used 
to launch reconnaissance satellites or 
develop intercontinental ballistic missiles, 
but it has always stressed that its space 
programme is intended to be peaceful and 
geared towards national development. 

Space applications, such as remote 
sensing and telecommunications, form the 
major part of India’s space programme. 
India has cooperated for several years with 
other countries such as the Soviet Union, 
France and the United States on remote 
sensing and telecommunications, one 
notable example being the SITE experi- 
ment with the US to bring educational 
television programmes to rural areas. 

Rohini 1, the 40-kg satellite launched last 
week to record the flight characteristics of 
SLV-3 is the third Indian satellite to go into 
orbit. The Soviet Union launched the two 
others: Arybhata, a scientific satellite, in 
1975 and Bhaskara, for Earth observation, 
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India: where next? 


in 1979. Plans for further satellites include 
two more in the Rohini series. These will be 
larger than Rohini | and geared to specific 
scientific or applications tasks. India is also 
planning to launch an experimental tele- 
communications satellite, APPLE, on the 
third test flight of Ariane, the European 
launcher, next year. 

The present SLV-3 rocket, based on 
NASA’s Scout launcher, is too small, 
however, to launch some of the large 
satellites planned. Large liquid rocket 
motors are already being developed at the 
Vikram Sarabhai Space Centre on India’s 
west coast for incorporation into future 
rockets capable of putting up to 800 kg into 
geosynchronous orbit. 

The current launcher programme, which 
began in 1973, grew out of earlier 
experience gained in building sounding 
rockets at the Thumba equatorial rocket 
launching station. 

Judy Redfearn 


Nuclear explosions 


No alarm 


Washington 

When can a cloud of dust particles 
resemble a nuclear explosion? When it is 
detected by a nuclear monitoring satellite, 
according to a report published last week 
by the US Office of Science and 
Technology Policy. 

Spurred by speculation over the nature 
of a mysterious explosion apparently 
observed by a military Vela satellite over 
the lower Atlantic ocean last September, 
OSTP set up a panel of inquiry chaired by 
Dr Jack Ruina of the Massachusetts 
Institute of Technology. 
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The panel was at first inclined to agree 
with defence officials who claimed that the 
satellite had detected a clandestine nuclear 
explosion carried out by the South African 
Navy either on its own initiative or in 
collaboration with Israel. 

After intense scrutiny of the data from 
the satellite, however, the panel now says 
that the flash of light seen by the satellite 
was ‘“‘probably not’’ a nuclear explosion. 
Its alternative hypothesis is that the satellite 
was hit by a small meteroid, possibly as 
small as a speck of dust, and that this 
dislodged paint chips or other particles 
from the satellite’s surface, which subse- 
quently reflected sunlight into its detectors. 

In support of this hypothesis, the scien- 
tists cite discrepancies in the data from the 
satellite’s two sensors, indicating that the 
source may have been considerably closer 
to one sensor than the other. 

In addition, there was a lack of any other 
evidence detected by stations on the ground 
— such as increased radiation or seismic 
activity — which would have corroborated 
the explosion hypothesis. Nor were there 
intelligence reports that a nuclear test had 
been carried out by either country. The 
Defense Intelligence Agency is not 
convinced. Before the OSTP report was 
released, the DIA leaked to the press its 
own conviction that a nuclear explosion 
had indeed been detected by the satellite, 
and that .it had been carried out under 
weather conditions chosen to make 
detection difficult. 

The White House, however, has adopted 
as its official position the OSTP panel's 
conclusion that there is insufficient 
evidence to prove a clandestine weapons 
test. According to State Department 
officials, this is the view that will prevail 
when a report on the incident is made to the 
Nuclear Non-Proliferation Treaty review 
meeting in Geneva next month. 

David Dickson 


Nuclear power 


Ore running out? 


The year just past was ‘‘another year of lost 
opportunities’ according to the Nuclear 
Energy Agency (NEA), the OECD’s own 
organization for the promotion of civil 
nuclear power. In its most recent annual 
report (the Eighth Activity Report covering 
1979), the agency says that the growth of 
nuclear energy production in 1979 was a 
disappointing 2.2 per cent, compared with 
the average growth rate of 27.5 per cent a 
year during the period 1968-78. The pace of 
growth has paradoxically declined since the 
oil price rises of 1973. 

On the face of things, however, the 
figures are not too bad. According to the 
report, there were 232 civil nuclear plants in 
operation at the end of 1979, and a further 
229 under construction or on order, only 
seven more than in the previous year. New 
orders were almost offset by cancellation in 
West Germany, Spain and the United 


States. 

Whatever happens to new orders, the 
output of nuclear electricity in the OECD 
area in 1990 is now almost certain to be 
between 33 per cent and 40 per cent of the 
energy equivalent of oil imports in that 
year, according to figures quoted in the 
report. The hiatus in the projected growth 
of the nuclear industry in 1979 is attributed 
to the internaticnal concern with nuclear 
proliferation, the Three Mile Island 
accident, uncertainty about waste disposal 
and ‘‘the related problems of public 
understanding’’ 

On the consequences of the Three Mile 
Island accident, the NEA follows a 
judicious line. Its report says that the 
accident showed that nuclear power is not 
accident-free, that defence in depth can 
work in practice but also that the accident 
“has revealed a number of deficiencies in 
the way that reactor safety has been 
approached up to now”. It urges that more 
attention should be paid to the 
malfunctioning of other than major items 
of equipment, and promises to do what it 
can to help. 

One consequence of last year’s 
hesitation about nuclear power is, 
according to NEA, that the uranium 
mining industry has become overcautious, 
thus threatening future growth. 

World uranium reserves at costs up to 
$80/kg of uranium metal (the present 
economic limit on production) have 
increased by some 200,000 tonnes in the 
past two years, and now total 1.85 million 
tonnes. The increase came mainly from 
discoveries in Brazil and Canada and 
‘improved knowledge’ of deposits in 
Namibia, South Africa, Spain and the 
United States. NEA estimates that these 
reserves match the needs of Western 
nuclear power programmes between now 
and 2000-2005 but also considers that a 
significant portion of ore now identified 
will not be recovered ‘‘for technical or 
political reasons’’. So, the argument goes, 
there is an ‘‘urgent need’’ for the 
discovery of additional resources, 
reinforced by the wide range of the 
projections for nuclear power in 2025. The 
cumulative uranium requirements by that 
date range from 3.4 to 12 million tonnes, 
depending on nuclear power growth, the 
extent of reprocessing and the degree of 
development of fast breeders. 

The NEA also looks forward to the 
exploitation of leaner ores, capable of 
yielding uranium at a cost of $130/kg". Its 
upper estimate of the quantity of uranium 
in reserves now identified, not all of them 
explored, is put at 5.04 million tonnes, a 
quantity comparable with the estimated 
need of the nuclear industry by the second 
decade of the next century unless breeder 
technology is applied rapidly. Thus, the 
report concludes, the viability of the 
industry at the turn*of the century will 
depend on the success of exploration in the 
coming ten years. 

Robert Walgate 
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Geothermal electricity 


SIR,— Richardson and White! have raised the 
interesting possibility that electricity 
generation from geothermal aquifers in the 
UK might be an economic proposition. It is 
unfortunate, however, that they have 
supported their proposal with spurious 
comparisons; for example, comparing the 
performance of purpose-built (and as yet 
undeveloped) organic Rankine cycle 
generating plant with conventional unadapted 
district heating systems. 

They state that district heating ‘‘. . .has 
dominated official thinking for several 
years. ..”’ and cite? Energy Paper No 9. | 
would noi in general wish to defend that 
development, which is now outdated, but it 
actually says (p.51): “*. . .it seems that district 
heating would be economic only if higher 
temperatures or higher housing density were to 
become available”. 

Current thinking is that the major market 
for heat from geothermal aquifers in the UK 
{as in France) will indeed be for space heating, 
but at the group rather than district level. 
Heating of only a few large buildings from 
each pair of wells (doublet) is envisaged, which 
would be located as close to the buildings as 
possible. Few aquifers in the UK seem likely to 
yield temperatures in excess of 80°C, so it will 
be necessary to instal heating equipment 
capable of (1) operating at temperatures lower 
than those used in conventional systems and 
(2) extracting as much heat as possible from 
the geothermal fluid. These conditions have 
already been met in France, and suitable 
equipment is available. In particular, rejection 
temperatures can be nearer 25°C than the 
60°C envisaged in ref. I. 

In the operation of a resource with a high 
capital cost and a low running cost resource 
such as geothermal energy, there is a powerful 
incentive to maximize the load factor. In the 
French installation a conventional boiler plant 
is used in parallel with the primary geothermal 
circuit, allowing geothermal to meet the 
“base” heating load while peak demands are 
met by fossil fuel. In this way, a geothermal 
doublet designed to meet 40% of the peak 
demand can typically supply 70% of the 
buildings’ annual energy needs while achieving 
a load factor of 60% or more}. The relative 
capacities of geothermal and conventional 
plant will be determined by local conditions — 
including cost of conventional fuel at the site; 
analysis of the heat demand curve for similar 
buildings in the UK4 suggests that comparable 
figures for a UK geothermal scheme would be 
about 50%, 89%, and 74% respectively. 

In comparing the two modes of use, we 
recognize that in the UK, calculations must be 
based on estimates and will be of value only in 
assessing relative rather than absolute 
performance. For consistency, the approach 
adopted by Richardson and White! has been 
used to calculate the relative performance of 
electricity generation and group heating for a 
range of probable UK aquifer temperatures 
and attainable flow rates. The capital cost of 
the doublet (£1m) and the pumping power 
required (250 k We) have been assumed 
constant for all cases. For group heating, the 
geothermal system is assumed to meet 50% of 
the buildings’ needs with the remainder 
supplied by conventional boilers. The size of 
the heat load (‘‘equivalent dwellings’’ at a 
density in excess of 100/hectare for a mixture 
of commercial and residential property) is 


allowed to vary according to the output of the . 


geothermal well. Capital costs for distribution 
mains, building internals and boiler plant are 
calculated according to refs | and 5. The 
rejection temperature is taken as 30°C, 


distribution and heat exchange losses as 10°C, . 


the load factor as 70%, and the heat is 
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assumed to be sold at £2.0 per GJ. For 
electricity generation, the conditions given in 
ref. | have been used, while the capital cost of 
turbogenerator plant is assumed to be 
proportional to (gross output) with the 
£748,000 for a | MWe plant of ref. | used as a 
baseline. 
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Fig.l The effect of temperature and flow rate on the 
relative merits of group heating and electricity generation 
from geothermal aquifer sources in the UK. 

Sohd symbols, electricity generation; open symbols, 
group heating. Flow rates: E (1,20; WV, 10: A A, 40; 
©, 50kgs-!. 


The results are given in the figure. As might 
be expected, electricity generation becomes 
more attractive as temperature and flow rate 
increases but the return on capital is very 
sensitive to both parameters. Group heating is 
apparently less sensitive but this may be due to 
the method used for calculating capital costs. 
Comparing the data with those from French 
installations, capital costs derived from ref.5 
seem very high, particularly for the larger 
schemes. Note also that the selling price of 
gas, in practice, varies from £2.03 per GJ 
(domestic user) to £2.47 per GJ (large 
industrial user). The cost of useful heat, even 
from gas, is thus nearer £2.90 per GJ than the 
£1.95 per GJ quoted in ref. 1, and the cost of 
heat from oil would be almost double. By 
contrast, the selling price of electricity is fixed 
(at 2.2 p/kWh); this calculation might then 
underestimate the relative advantage of direct 
heat uses Over power generation. 

Hence the advantages of electricity 
generation from low-enthalpy geothermal 
sources are not as clear-cut as Richardson and 
White! suggest. Until a borehole is drilled at 
any particular site, uncertainties will exist — 
particularly as regards flow rate. 

However, such demand for heat will occur 
only in the larger towns, while many of the 
deep aquifers in the UK underlie rural areas 
where group heating would not be an option. 
If electricity production can be shown to be an 
economic proposition, then the contribution 
of geothermal sources to UK energy supply 
would be greatly increased. 

J.D. GARNISH 


AERE Harweil 
Oxon, UK 
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Banking DNA sequences 


Sir, — We were glad to see your article: 
‘Banking DNA Sequences” (8 May) 1980, in 
which you make a persuasive case that there 
should be such a computerized data bank. We 
fully agree. In fact, we already have compiled 
such a computerized DNA sequence bank, 
which now considerably exceeds the 
100-kilobase figure mentioned in your article. 
Qur DNA data bank is a natural adjunct to 
our Protein Sequence Reference Data 
Collection! that has been supported for the 
past 15 years mainly by the Institute for 
General Medical Sciences of the US National 
Institutes of Health and by the National 
Aeronautics and Space Administration. 

Many people are aware of our facilities and 
we do various searches and computer studies 
each week for people all over the world. Our 
computer system includes a large number of 
programs especially designed for analysing 
such collections of data. The most frequently 
used capability is a search of the amino acid 
and nucleotide sequences for segments that 
match a given segment. Sequences can be 
retrieved quickly and compared, and statistical 
assessments of similarity can also be made. 

Our DNA Reference Data Bank is growing 
continually, despite the fact that the collection 
of these data is aggravated by the 
nonavailability of material in computer- 
readable form (as are, for instance, the protein 
crystallography data). The sequences are not 
even in clearly readable form in some journals. 
We would be happy to receive sequence data 
in computer-readable form to add to the 
collection when this information is published 
in journals. The sequence in this additional 
format would then be available to others. 

You also entertain the notion that it matters 
little by whom or where a bank is started and 
that a successful operation could be a 
depository run by a keyboard operator who 
sent out tapes. Based on our years of 
experience, we must emphatically disagree. 
There have been many attempts to start data 
collections but few have continued in 
operation, mainly due to greatly 
underestimating the amount of effort and 
training required for such an undertaking. 
Will the users be satisfied to say, in their 
papers, ‘I looked over a few sequences and 
reached the conclusion that. . .”" or would 
they prefer to say, with confidence, `I looked 
over all of the sequences so far elucidated 
...°? Who will find corrections that have 
been made to the old data? Will the users want 
the corrected sequence in the collection? Will 
they want other information, such as which 
portions of the nucleic acid sequence code for 
proteins? Also, who will solicit the new 
material? It doesn’t just drift into a 
depository. If the users have questions about 
the collection, do they want to be able to 
communicate with someone and expect 
answers? Do the users want the data center to 
be delicately attuned to their needs? 

We feel that making the data base 
intellectually accessible requires a considerable 
amount of effort and that such an effort is 
warranted by the central importance of nucleic 
acid sequence data to many fields, including 
medicine, genetics, and biochemistry. 

M.O. DAYHOFF, 
R.M. SCHWARTZ, 
H.R. CHEN, L.T. Hunt, 
B.C. Orcutt, W.C. BARKER 
National Biomedical Research Foundation 
Georgetown University Medical Center 
3900 Reservoir Road, 
Washington, DC 20007 
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from Robert M. May and Miranda Robertson 





SPEC ULATION at ut the evolution of social 
behaviour hag its hi nao Tenane in 












ard Daaa Press, 
ing glimpse into the 
E or sci is provided by Paul 
Harvey’s and Jon Seger’s recent analysis of 
the citation of H milton’s seminal papers; 
in the span 1964-1975, Science Citation 
Index records | no more than 2-3 citations in 
any one year; “after the appearance of 
Wilson’s book in 1975, the citation rate 
explodes faster than exponentially. But 
Wilson’s citation contains an error (“the 
genetical theory of social behaviour” 
replacing the original ‘‘the genetical 
evolution of social behaviour’’), and this 
mutant form had risen to constitute 80% of 
all citations by 1978. Possibly as a result of 
the Harvey and Seger study, the mutation 
has not gone to fixation, and has decreased 
to 60% of all citations in the most recent 
SCI. | 

For a quantitative discussion of the 
general phenomenon of altruism, 
Hamilton introduced the notion of an 
individual's ‘‘inclusive fitness” (see Nature 
260, 390; 1976; 260, 9; 1976). Suppose the 
performance of an altruistic act (such as 
uttering an alarm call upon noticing a 
predator, or, in the extreme, remaining 
sterile and helping raise relative’s 
offspring) diminishes the fitness of the 
altruist by a factor (I-c) relative to a non- 
altruist, but increases the fitness of the 
beneficiary by a factor (1+b). Such 
altruism will be favoured by natural 
selection provided the cost c accrueing to 
the performer is.less than the fitness benefit 
b conferred upon the recipient, discounted 
by the degree of relatedness, r, between 
them; | 








r>c/b (1) 


"Fhe Dahlem Conference on the “Evolution o „Social 
Behaviour’ was held in Berlin on February 18-22. The 
proceedings will be published as a book available From | =r 
:Konferenzen, Delbrickstrasse 4e, D-1000, Bertin 33. 
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In a diploid population with no inbreeding, 
sisters have r=1/2, and the altruistic 
extreme of sterile castes (c = 1) will evolve 
only ifb > 2. But ina simple haplo-diploid 
system, sisters have r = 3/4, and the critical 
degree of benefit is the weaker b > 4/3. 
This observation is one of the crucial points 
of Hamilton’s paper. 

But these ideas about inclusive fitness 
are based on the phenotype (altruist and 
non-altruist), and do not deal with the 
underlying genotypes and genetic mecha- 
nisms. So when ethologists, geneticists and 
theoreticians met recently in Berlin to talk 
about the evolution of social behaviour’, 
much discussion centred on the extent to 
which quick and dirty conclusions 
obtained from inclusive fitness arguments 
can be trusted. Several authors (Cavalli- 
Sforza & Feldman Theor. Pop. Biol. 14, 
268; 1978; Charlesworth, Uyenoyama & 
Feldman, this Conference) have recently 
analyzed the population genetics of 
altruistic traits governed by one locus with 
two alleles. These formal, genetic studies 
reveal at least three shortcomings in the 
phenotypic inclusive fitness approach. 
First, the assumption that relatedness- 
discounted benefits and costs can be added 
in a simple linear fashion does not always 
hold; often, it will be more appropriate to 
compound the effects in multiplicative 
fashion. However, as long as both costs 
and benefits are relatively small, so that 
only weak selection operates, the 
difference between additive and 
multiplicative models is unimportant, 
Second, the structure of the coefficient of 
relatedness deduced from a genetic 
treatment can be different from that 
deduced by simple inclusive fitness 
arguments for the asymmetric cases of 
sister-brother and brother-sister in haplo- 
diploid species. For example, the haplo- 
diploid sister-brother coefficient is 
modified from 1/4 to (1/4)/(1 + bh/4), 
where h measures the probability that the 
heterozygous genotypes Aa are altruists 
(the homozygotes AA being altruists, and 


Robert M. May is the Class ef 1877 Professor of 


Zoology at Princeton University, Miranda 
Robertson is an associate editor of Nature. 


aa being non-al:ruists). Although these 
complications simply are not taken imtoo 
account in the inclusive fitness analysis of 
phenotypes, the structural diffe 

between the two Bia ake sie are: 







stable A, witk tath. i altruistic: 
A and non-altraistic a alleles — 
together; in linear or additive n l 
they phenotypic or genetic, if a an n altrusitic 
trait can invače a- populis on it will 
necessarily go to fixation. © 

All these differences between formally 
exact genetic analyses of relatedness and 
approximate inclusive fitriess analyses are 
small if selection is weak. Moreover, the 
inclusive fitness approach provides 
intuitive biological understanding that is 
quite absent from: the mathematical 
edifices of population-gentics. Although 
far from unanimous, people at the 
conference took the view on balance that 
rough inclusive fitness arguments are likely 
to remain our main guide in thinking about 
the evolution of social behaviour. 

More importent, practical difficulties m. 
assessing the costs c and benefits bin. 
equation (1) will usually outweigh 
considerations ef formal rigour. Among 
such difficulties: identified in the, 
conference discussions are how toc 
different components (such as survi 
reproductive success) inio an ager 





measure of inclusive fitness, and how to $ 


determine paternity. 
False assumptions about paternity, itt 
particular, are now recognizec 
important hazard in empir 
inclusive fitness. Clearly, the 
quantitative measurements o 
fitness made on the © basis. 
observations will depend | 
confidence with which pate 
ener and it vas turned’ ou 
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eroded by, inter alia, the discovery that 
multiple matings are common in the ant 
species on which they based their 
calculations. (Alexander & Sherman 
Science, 196, 494; 1977), and that 
coefficients of relationship are therefore 
not what they might seem. 

Nor are the multiple matings of insects 
the only hazard to inclusive fitness 
analysis. Students of vertebrate behaviour 
have only recently begun to recognize the 
full extent of the gene dispersal going on 
behind their backs in what they fondly 
believed to be monogamous species. P. 
Marler (Rockefeller University) and M. 
Baker (Colorado State University) pointed 
out, for example, that reports of healthy 
clutches of young hatched by the 
‘monogamous’ mates of vasectomized 
birds have been in the literature for at least 
five years (e.g. Bray, Kennelly & Guarino, 
Wilsen Bull. 87, 187; 1975). For the 
reproductive strategy of the fathers of such 
clutches, sociobiologists have coined the 
term kleptogamy (or, in conversation, 
sneaking). These studies on bird paternity, 
incidentally, also testify to the 
complications that so often beset field 
experiments of this kind: for many bird 
species (including the redwing blackbirds 
studied studied by Bray etal.) infertile eggs 
are distinguishable by their colour from 
fertile ones, and it could conceivably be 
that the unfaithful wives chose to stray only 
after discovering their spouses to be 
infertile. 


In general, field workers are becoming 
increasingly wary of assumptions about 
paternity, and wherever possible checking 
the degree of relationship between altruists 
and beneficiaries by isoenzyme analysis. 
This policy was adopted by R. Metcalf 
(University of California) in his cost- 
benefit analysis of the alpha and beta castes 
of paper wasps (Polistes). Female paper 
wasps may found nests and rear young as 
solitary individuals, or they may cooperate 
with a sister. In the case of cooperating 
sisters, one wasp, the alpha female, lays all 
or nearly all of the eggs so that the beta 
female is rearing nieces and nephews. 
However, the co-ops are so much more 
productive than the nests of solitaries that 
the inclusive fitness of the beta female is 
greater than that of a solitary one. Since 


this conclusion is based on calculations of . 


the average number of genes a beta wasp 
will share with her nephews and nieces, by 
comparison with the average number 
shared with her own young, it is clearly 
essential to know for certain that she is the 
full sister of the alpha. The precaution 
taken by Metcalf, who analyzed the 
polymerphic enzymes of the wasps to 
check their relationships, is increasingly 
adopted by sociobiologists and has 
certainly helped to reveal unsuspected 
heterogeneity in presumed inbred colonies. 


It has been generally assumed that the 
altruistic wasp, bird or beast itself does not 
have access to accurate information about 
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individuals it grew up with. But strict kin 
selection could still work in the face of 
rampant polygyny, kleptogamy and 
general promiscuity provided that there 
were in fact an innate mechanism for 
distinguishing degrees of kinship. 
Greenberg’s report (Science 206, 1095; 
1979) that such a mechanism exists in the 
primitively eusocial bee Lasioglossum 
zephyrum was therefore generally agreed 
to be one of the most important recent 
contributions to the literature. There is 
overwhelming evidence that social insects 
recognize colony mates, but until recently 
no-one had managed to distinguish 
between innate and environmental factors 
in determining such recognition. 
Greenberg reared laboratory-bred bees of 
14 different degrees of kinship in isolation 
and was able to show that when they were 
allowed to form colonies they pre- 
ferentially admitted close kin to the nest, 
the probability of admission being roughly 
proportional to the degree of kinship. An 
exactly analogous mechanism was reported 
by K. E., Linsenmair (University of 
Würzburg) in a desert-dwelling social 
isopod. It is not yet known whether 
vertebrates have similar innate abilities. 
Waldman’s and Adler’s evidence for kin 
recognition in frogs (Nature 282, 611; 
1979) does not distinguish between innate 
and environmental mechanisms; but if 
innate mechanisms turn out to be 
widespread, this will limit the applicability 
of J. Maynard Smith’s (Sussex University) 
ingenious adaptations of game theory to 
define evolutionarily stable strategies 
(ESSs) for behaviour, one of whose 
underlying assumptions is usually that kin 
recognition is based on simple proximity. 
The whole question of ‘hidden’ 
assumptions in evolutionary theories of 
behaviour is clearly a sore point with 
empiricists, who expressed the view that 


100 years ago 
NATURE WELCOMES SCIENCE 


We take the following from the New York 
Nation: ‘For the English-speaking race, 
wherever planted, we should have supposed 
Nature to bea sufficient scientific medium, 
and entitled to universal support. We are 
partly confirmed in this view by the 
quotations from Nature in the first number 
of Science, a quarto weekly journal, edited 
by Mr John Michels, and published at 229 
Broadway, in this city. Nevertheless, the 
editor’s statement that the enterprise has 
been begun ‘after consultation with many of 
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its relationship to its conscpecifics, and _ 
- simply directs its altruistic acts towards the 







should make them more 
| example, the majority of 
empiricists are probably not aware that 
most (though not all) of the ESS 
calculations in the current literature 
assume haploidy, and therefore strictly 
apply to nothing higher that some insects. 
Most of the conclusions can, however, be 
shown to apply to sexual diploids; and 
given the inevitability of simplifying 
assumptions, probably the most useful 
thing a theoretician can do is try to give 
some indication of how sensitive his theory 
is to violation of its assumptions. 

On the other hand, it is incumbent on the 
empiricists to produce data good enough to 
provide a serious test of the theory. It is the 
shallowness of some of the earlier 
ethological investigations that has led to 
their being castigated by some as 
evolutionary Just-So stories. Lively 
discussion centred on several interesting 


theoreticians 


but unfinished studies in which individual 


males seem to adopt one of two or more 
alternative reproductive strategies (for an 
example, fighting to maintain a territory 
and/or a harem versus kleptogamy). Such 
studies have so far left open many 
questions. Are the different phenotypes 
associated with different genotypes, or are 
they dictated by environmental 
constraints? Do the different strategies 
correspond to different categories of 
animal, or can, for example, a male start 
his adult life as a ‘sneak’ and later progress 
to ownership of a harem? 

A fundamental question that has been 
raised regularly by the principal detractors 
of what has become known as socio- 
biology, and often ignored by its prac- 
titioners, is: what evidence is there that a 
particular phenotype is, in fact, adaptive? 
Feldman quoted the example of meiotic 
drive as a mechanism for preserving 
maladaptive genes in a population. Other 
extreme examples of this sort are known or 
suspected, and there is every reason to 


the leading scientists in this country,’ and his 
list of co-labourers seem to point to a real 
want, and to entitle this new ‘record of 
scientific progress’ to a friendly welcome. Its 
present size is sixteen pages, including the 
advertising sheet. The opening article, on the 
United States Naval Observatory, is from 
the pen of Prof. E.S. Holden.” We wish our 
new contemporary every success, and trust 
that it may be the means of spreading a wide 
interest in science on the other side of the 
water. 


A violent shock of earthquake occurred at 
Manila and throughout the Island of Luzon 
on July 18, which did immense damage, 
totally destroying several government 
buildings and other houses. Some of the 
native inhabitants were killed, but no 
Europeans suffered any injury. A slight 
shock was felt also on the 17th inst. 


from Nature 22, 24 July, 276 & 276, 1880. 


awe erat 
Aitinn. NSM NE RU rR panama Canarsie a ea ama han frre ea AAA n Te rrr 
ana ammm n inom heehee oe inet hte Ai inherit bi HL NG nA AAR nnan ap ahai e a ere 


Nature Vol. 286 24 July 1980 


suppose that selectively neutral behaviour 
can become fixed in a population by 
historical or evolutionary accident. 

To paraphrase one of the more 
vociferous participants, the Romantic Age 
of sociobiology, with its excitement and 
imaginative speculations about the 
explanatory power of inclusive fitness 
notions, is giving way to a more sober 
appreciation of the experimental 
difficulties that must be overcome before 
contending theories can be sorted out. For 
many, the meeting helped to crystallize 
thoughts about assembling data of 
sufficient resolution to distinguish between 
theories, and to draw up a tentative agenda 
of theoretical and empirical problems that 


deserve attention. In this context, the 
generic format of the Dahlem Conferences 
(of which there have been some 20-odd, on 
a diversity of topics} deserves mention: 
canonically teutonic, with groups and 
subgroups forming and reforming in 
intricate, pre-ordained patterns, their most 
obvious function is to produce a book, 


whatever betide. But the groups at the . 


sociobiology meeting were skillfully 
chosen, blending theorists and empiricists, 
optimists and pessimists, romantics and 
realists; most important, the four 
rapporteurs (Feldman, Harvey, Krebs, 
Oster) managed to extract from the 
discussions reports that seem to be useful 


signposts. a 


Malignant transformation and 
protein phosphorylation 


from Thomas Langan 


DuRING the past decade protein 
phosphorylation reactions have been 
found to function in the regulation of a 
large number. of cellular processes. In 
addition to extensively studied systems 
such as cyclic AMP-dependent phosphory- 
lation, many other less well-characterized 
protein kinases and protein phosphoryla- 
tion reactions occur, suggesting that 
regulation by protein phosphorylation is 
more wide-spread than currently appre- 
ciated. Recent work, stemming from the 
original observations of Collett and 
Erickson!, has indicated that certain 
proteins responsible for transformation of 
virally infected cells to the malignant state 
are protein kinases, or are closely 
associated with protein kinases. These 
kinases have now been shown to have the 
novel property of catalyzing the phos- 
phorylation of tyrosine residues in their 
substrate proteins, rather than the usual 
serine or threonine residues?*. The 
findings indicate that a unique class of 
protein kinases may catalyze a key reaction 
in the production of certain types of 
malignancy, and there are hints that similar 
kinases may participate in normal 
regulation of cell proliferation. 

The best studied system is that of the 
Rous or avian sarcoma virus, an RNA virus 
in which a single viral gene, src, has been 
shown to be responsible for 
transformation of cells to the malignant 
state®. A 60,000 MW protein present in 
transformed cells has been identified as the 
product of this gene by the use of deletion 
and temperature-sensitive mutants and, 
more convincingly, by direct translation in 
vitro from fragments of viral RNA 
containing the src gene’®. The protein 
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(pp60 **) is phosphorylated in two distinct 
regions of the molecule’ and as with certain 
other phosphoproteins, pp60°* seems to be 
itself a protein kinase. This activity is of the 
cyclic AMP-independent type. and was 
originally revealed by the ability of pp60°* 
to catalyze transfer of phosphate from 
ATP to the heavy chain of IgG in immuno- 
precipitates of viral protein, prepared 
using antisera from tumour bearing 
animals!:!°. The reaction is clearly not of 
functional significance, but the ability to 
phosphorylate a non-physiological 
substrate is very advantageous for assay 
purposes. Extensive studies with deletion 
and temperature sensitive mutants!!0! 
and the demonstration of protein kinase 
activity in highly purified preparations of 
pp60°" -14 as well as in pp60 made by in 
vitro translation of viral RNA‘ !® show 
that the protein kinase activity is a property 
of the src gene product and that the activity 
is essential for transformation of cells to 
the malignant state. While tight association 
of traces of a cellular kinase with the native 
form of pp60** cannot be completely ruled 
out, they support the conclusion that the 
src gene product is either a protein kinase 
itself, or functions in close association with 
a cellular protein kinase. 


As well as avian sarcoma virus, protein 
kinase activity has been found associated 
with several other transforming gene 
products, including those from the DNA- 
containing adenovirus, SV40, and 
polyoma viruses '**!, and from the RNA- 
containing Abeleson murine leukaemia 
and Fujinama viruses?**, In each case 
protein kinase activity is detected in 
immunoprecipitates of viral proteins using 
the assay developed by Collett and Erickson. 
However, phosphorylation in most cases 
occurs not on the immunoglobulin chain, 
but on the viral protein itself. Whether this 
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represents an intermediate in the normal 
enzymatic reaction which is stable in the 
absence of a suitable substrate, or an auto- 
phosphorylation which may affect 
function is not clear. pp60°™ also 
undergoes an apparent autophosphoryla- 
tion reaction when in soluble form both in 
vitro and in vivo, and in addition is 
phosphorylated by the normal cellular 
cyclic AMP-dependent protein kinase at a 
separate site in the molecule'*”. Whether 
these phosphorylation reactions modulate 
function is again not clear. There is less 
evidence that the protein kinase activity is 
due to viral protein for viruses other than 
avian sarcoma and there are some reports 
that activity may not be present in purified 
forms of SV40 and hybrid SV40 large T 
antigen!* ^, However, large T antigen is 
different in many ways from the other viral 
products which show kinase activity. 
Kinase activity s absent from immuno- 
precipitates when transformation- 
defective mutants of adenovirus, SV40 and 
polyoma are used, consistent with the 
conclusion that the transforming activity is 
a kinase although the possibility of an 
association between the viral protein and a 
cellular kinase remains. 


That transformation-related protein 
kinases catalyze the phosphorylation of 
tyrosine residues in their substrates was 
first shown by Hunter and co-workers? in 
the polyoma sys'em, where kinase activity 
is mainly associated with a tumour antigen 
of intermediate size (middie T). Phos- 
phorylation occurs on the phenolic 
hydroxyl group of tyrosine. Protein 
kinases associated with other viral 
transforming gene products also phos- 
phorylate tyrosine residues“. Previously, 
phosphorylated tyrosine residues were not 
known to occur in proteins, although 
modifications such as nucleotidyl 
derivatives of tyrosine are found in 
bacterial enzymes (for example, ref. 24). 
As each of these kinases associated with 
viral transforming gene products catalyzes 
the phosphorylation of tyrosine residues it 
seems probable that a unique class of 
protein kinases may be involved in the 
transformation of cells to the malignant 
state. This feature may be extremely useful 
in locating other kinases with simular or 
related functiens, and in locating and 
measuring the phosphorylation of 
potential substrates. 





By itself, the fact that phosphorylation 
occurs on tyrosine rather than on serine or 
threonine residues gives no clue to the 
molecular mechanism of transformation. 
One possibility is that the phosphorylation 
of cellular substrate proteins by the viral 
kinase (or by a cellular kinase which is 
activated by association with the viral 
protein) leads to functional alterations 
which initiate the transformation process. 
Since this is a highly pfeiotropic response, 
many substrates ide be involved. Kinase 
action in vivo i5 indicated by an approxi- 
mately 10-fold increase in the phospho- 
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tyrosine content of total cell protein during 
transformation by avian sarcoma virus. 
When the src gene contains a temperature 
sensitive mutation, phosphotyrosine 
content rapidly declines to normal values 
and rises again as cells are shifted from 
permissive to restrictive temperatures and 
back**. Not all of the increase in 


phosphotyrosine can be accounted for by. 


the apparent autophosphorylation of 
pp60** which occurs in transformed cells, 
indicating that tyrosine residues in cellular 
proteins are phosphorylated. Two specific 
proteins that appear to be substrates of 
cellular origin are under study. One is a 
$0,000 MW protein found in immuno- 
precipitates of pp60° because of its 
affinity for the kinase protein* and the 
second is a 34,000 MW protein that is 
clearly identifiable in normal cells, and 
which undergoes a transformation 
dependent and temperature-sensitive 
phosphorylation in virally infected 
cells**--7, The 34,000 MW protein, 
extensively purified from normal chicken 
cells, is phosphorylated by purified pp60"* 
kinase, and tryptic digests phosphorylated 
in vitro and in vivo show the same patterns 
of tyrosine-containing phosphopeptides in 
‘two-dimensional maps**®. Determination 
of the functions of the substrate proteins 
may not be a simple task and it is possible 
that pp60* has additional functions which 
are important for the transformation 
process. 

Tyrosine phosphorylation may not be a 
universal feature of transformation 
mechanisms as although transformation 
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by the related Abelson virus is associated 
with elevated phosphotyrosine in proteins 
(Hunter, pers. comm.) in several other 
viruses including, surprisingly, polyoma 
and SV40, there is no elevation?i. 
However, the kinases in these cases may be 
more specific in catalyzing the tyrosine 
phosphorylation reactions required for 
transformation, so that no increase in total 
content is detectable. Two chemically 
transformed cell lines examined also did 
not have elevated phosphotyrosine levels. 
DNA sequences closely related to the 
sequences in the avian sarcoma src gene are 
present in normal cells of vertebrates 
ranging from birds to man??, and 
transcripts of these sequences are found in 
polyribosomes?’, indicating that the 
sequences code for a protein with a highly 
conserved general cellular function. In 
keeping with this, normal cells also contain 
a 60,000 MW protein which is structurally 
related to pp60°", as indicated by immune 
cross-reaction and by peptide mapping, 
and which is also associated with protein 
kinase activity acting on tyrosine 
residues“!-*- (Erikson, pers. comm.). The 
amount of the normal cell protein is some 
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30-50-fold lower than that of pp60%° in 
transformed cells. These findings suggest 
that the viral protein may be related to a 
normal cell protein involved in some 
universal cellular function such as 
Maintenance of control over cell division. 
Malignant transformation might result 
from a qualitative change in the substrates 
phosphorylated, or from an uncontrolled 
increase in a normal cell phosphorylation 
reaction. In either case, investigation of the 
substrates phosphorylated by the normal 
cell protein and by any similar kinases 
seems worthwhile. One interesting 
candidate has already been identified. 
When cell membranes from human 
epidermoid cells bind epidermal growth 
factor the binding is associated with the 
phosphorylation of a membrane protein 
(possibly the receptor for the growth 
factor) and this phosphorylation occurs 
predominantly on tyrosine residues*4 (S. 
Cohen, pers. comm.). Future study of this 
as well as other protein phosphorylation 
reactions involving tyrosine residues may 
shed light on important control 
mechanisms in both normal and malignant 
cells. S 


Repressor represses cro represses 
repressor represses cro... 


from Mark E. Furth 


THE discovery of regulatory genes in 
bacterta and maize quickly invited 
speculation on how simple control 
elements such as repressors and operators 
might determine cell differentiation’. Are 
these elements connected in circuits to 
produce states of gene expression which 
can be propagated through many cell 
generations“? Stable regulatory circuits are 
easy to construct on paper, but more 
difficult to unravel in the laboratory. The 
choice between the lysogenic and lytic life- 
styles of bacteriophage A has served as one 
experimental model of a ‘developmental 
switch’ between alternative stable states. A 
regulatory circuit central to this switch has 
now been explained in exquisite molecular 
detail’. 

The circuit involves two proteins, 
encoded by genes c/ and cro. Each protein 
represses the other’s synthesis. The c/ 
protein (often called the A repressor) 
maintains the lysogenic state in which A 
replicates passively, its DNA integrated 
into the chromosome of its bacterial host. 
In this state the repressor shuts off viral 
genes, including cro, which are required 
for active growth. The cro protein (called 
cro), in contrast, promotes lytic growth by 
shutting off the repressor gene c/. Either of 
the two stable states of gene expression, c/ 
turned on and cro turned off, or cro turned 
on and c/ off, can be maintained for many 
generations in cells carrying particular A 
mutants*. These states are regulated by 


binding of the repressor and cro to an 
operator called Og which lies between the 
cf and cro genes. The bound proteins 
control the initiation of messenger RNA 
synthesis at two distinct sites: the promoter 
Py for transcription of c/, and the 
promoter P, for transcription of cro (see 
figure)* *!* How do the repressor and cro 
differentially affect the activity of these 
two promoters? 

One key to the control of c/ and cro 
expression lies in the fine structure of the 
operator. M. Ptashne and colleagues 
discovered several years ago that O, 
contains three separate binding sites for 
repressor (Og/, Og2, Op3; see figure)’’. 
These sites are closely related, but the 
nucleotide sequence of each is unique. 
When cro was purified’, its target 
sequences could be compared with those 
for repressor. Remarkably, although the 
two proteins show no obvious structural 
homology!”.!''8, they bind to the same three 
sites in Og (ref. 12). However, the proteins 
differ in the order in which each occupies 
these sites. Repressor first binds 
coordinately to O,/ and O,2, and binds to 
O,3 only at much higher protein 
concentration”. cro first binds to O,3, 
and then to O,g/ and O,2.'*. This 
difference in the relative affinity for 
binding sites in the operator is critical to 
gene regulation, because occupation of 
each site by a repressor or cro molecule 
affects promoter activity in a specific way. 
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Fig. O, region of A DNA. Promoters PRm and Pp direct transcription (wavy arrows) of genes c/ 
(encoding repressor) and cro respectively. Repressor and cro proteins bind to sites Op/, and Op}. 
The distance between mRNA startpoints is 82 base pairs. Each binding site is 17 base pairs long. 


B. Meyer, R. Maurer and M. Ptashne 
have identified the function of protein 
molecules bound to each site in the 
operator!*”'*, They devised a strategy to 
measure Pg and Pp,, activity over a wide 
range of repressor and cro concentrations 
in intact cells, and to determine the effects 
of mutations in the three binding sites. The 
trick was to place the expression of an 
easily assayed enzyme, #-galactosidase, 
under the control of each phage promoter, 
and to introduce O, mutations into the 
fused operons. Levels of the A regulatory 
proteins were manipulated by similar 
genetic sleight-of-hand; the expression of 
cro or cl was placed under control of an 
inducible bacterial operon and the rate of 
synthesis was set by varying the 
concentration of the inducer. The special 
elegance of the approach is that it 
uncouples the synthesis of the regulatory 
proteins from the promoters which 
normally control their expression, so that 
measurements of promoter activity can be 
made under many steady-state conditions. 

The results of studies with the fused 
operons show that each of the outer 
operator sites, O,3 and O,/, regulates 
transcription from the start-point adjacent 
to it, while the central site, O,2, regulates 
both promoters, Either a repressor 
molecule or a cro molecule bound to O,3 
turns off transcription from P,,,, but does 
not turn off transcription from Py. 
Conversely, either protein bound to O,! or 
Ox? turns off transcription from P, but not 
from Ppy,'*!5. Repressor, but not cro, 
bound to Op2 has a second effect: it 
strongly stimulates transcription from 
Pry! | 

The different order of binding of cro and 
repressor to the three sites in Og, and the 
particular role of each site in determining. 
promoter activity largely explain the stable 
states of c/ and cro expression. Because cro 
binds preferentially to O,3, it represses 
transcription of c7 more readily than it 
represses transcription of its own gene. By 
contrast, because repressor binds 
preferentially to O,/ and O,2, it turns off 
transcription of cro more readily than it 
turns off transcription of c/. Thus, there 
are concentrations of cro which prevent 
synthesis of repressor but permit 
expression of cro, and there are 
concentrations of repressor which prevent 
synthesis of cro but permit, and actively 
maintain expression of c. 


What determines the order of 
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regulatory proteins, and how do bound 
protein molecules control the initiation of 
RNA synthesis? Ultimately, it should be 
possible to answer these questions at the 
atomic level of resolution. The present 
studies of molecular mechanisms focus 
attention on some of the protein-DNA and 
protein-protein interactions that 
contribute to gene regulation. A striking 
and unexpected finding is that cooperative 
interactions between bound repressor 
molecules help to govern the pattern of 
binding to sites in the operator. 

Cro binds to the three sites in Ox, 
independently, in the order set by the 
protein’s intrinsic affinity for each site'*"’. 
Repressor presents a more complex 
picture. Its intrinsic affinity for the isolated 


Table 1 Properties of repressor and cro 


Repressor Cro 
Gene cl cro 
Size of monomer 236 66 amino acids 
Active form Dimer 
Order of binding 
to Operator sites 
(wild-type Op) Ogi = ORT ORI ORP Op? = Og! 
Cooperativity in 


binding to DNA Yes No 





Table 2 Comparison of promoters Pp and PRm 


P P 
oR Low 


Intrinsic activity 
Positive control 


(stimulation) No* Yes, by repressor 
Primary site for 

negative control by 

repressor OF cro Orl, Ope Op3 


(*or weakly by cro: see ref. 8) 


Table 3 Action at Op2: Protein bound at Op2 


Repressor cro 
Transcription from 
Pp: Off Off 
(stimulated) (unaltered) 


Ogi sequence is about 15-fold greater than 
that for Op2 or Op3. Nevertheless, on an 
intact operator it binds Og? and O,2 to 
about the same extent at concentrations at 
which O,3 remains free. Johnson, Meyer 
and Ptashne attribute the coordinate 
binding at Ok? and Ox,2 to positive 
cooperative interactions between repressor 
molecules!*. They argue that a molecule 
bound at O,/ facilitates the binding of a 
second molecule at O,2 by direct protein 
contact. When O,/ is free, repressor 
molecules also can cooperate to fill O,2 
and O,3. However, a molecule bound at 
the central site does not interact 
simultaneously with neighbours on both 
flanks, and at equilibrium the interaction 
between molecules at Ok? and O,2 is 
strongly favoured. A major consequence of 
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this cooperative binding is to stabilize the 
state (Ok, Og2 bound by repressor, O,3 
free) in which cro synthesis from Pp is 
turned off while repressor synthesis from 
Px, is stimulated. This is the predominant 
situation in a cell lysogenic for A, 

The capacity of bound repressor to 
prevent transcription from one promoter 
while enhancing transcription from 
another is one of the most striking features 
of the repressor/cro regulatory circuit. 
Both repressor and cro protein appear to 
shut off transcriotion simply by blocking 
access of RMA polymerase [to a 
promoter?6&® 1325. However, the 
mechanism by which repressor boosts 
transcription from P,,, is not obvious. 
Meyer and Ptashne'® have shown that 
repressor must directly effect this 
stimulation; it is not merely a consequence 
of turning off transcription from the 
nearby promoter P,. They suggest that 
repressor at O}2 interacts with RNA 
polymerase at Pay to stabilize polymerase 
binding or to facilitate a subsequent step in 
the initiation of RNA synthesis’ °° The 
startpoint for transcription from Pps, lies 
only one base pair further from O,2 than 
does the startpoant for transcription from 
Pg. Yet represso” bound to Ogg helps RNA 
polymerase to initiate at one promoter, but 
excludes it from the other. Whether 
repressor acts positively or negatively on 
transcription must therefore critically 
depend on the precise orientation of bound 
repressor with espect to the binding site 
for RNA polymerase. A remaining 
challenge is to find an exact molecular 
explanation for the Janus-like behavior of 
this regulatory protein. 

Perhaps a mcre imposing challenge is to 
identify genetic regulatory circuits that 
control develepment of multicellular 
organisms, and which can be dissected as 
neatly as those cf A. One outstanding lesson 
from the phage model is that the action of 
each element of such a circuit can be finely 
tuned and very flexible, so that a single 
regulator or terget sequence may affect 
gene expressiomin very different ways. O 
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from $.W.H. Cowley 

ALTHOUGH the correlation between 
periods of geomagnetic disturbance and 
the occurrence of auroras had been known 
since the time of Celcius (1741), the first 
scientific reference to magnetospheric 
substorms seems to be found in the 
accounts of Herrick (1838) and Olmstead 
(1856) who noted that auroras often 
display ‘fits of maximum intensity’ at 
intervals of several hours. Interest in these 
‘auroral fits’ and their associated short- 
lived polar magnetic disturbances waned 
towards the end of the nineteenth century, 
and for the next sixty years interest 
focussed instead on world-wide magnetic 
storms which develop and decay on time 
scales of a day or two. It was not until the 
exploitation of ground networks of all-sky 
auroral cameras and magnetometers 
during the International Geophysical Year 
(IGY, 1957-8) that it was finally realized 
that the polar ‘fits’ constituted the 
building-blocks of world-wide storms. 
Magnetic storms build up when intense 
‘fits’, now fortunately renamed ‘sub- 
storms’, occur very frequently. 

The phenomenology of the auroral sub- 
storm described by Akasofu (1964) on the 
basis of the IGY data is sketched in the 
accompanying figure, and this was 
followed by a monograph (1968) in which 
the evolution of high-latitude phenomena 
(for example, magnetic disturbance, iono- 
spheric cosmic radio noise absorption, 
VLF radio emissions) was linked to a com- 
mon time frame defined by the auroras. 
Auroral light emission is produced at 
~ 100-150 km altitudes by 1-10 keV 
electron bombardment of the upper 
atmosphere, the electrons originating in 
the Earth’s magnetosphere (the region 
extending ~ 10 Earth radii on the day side 
and at least ~1000 on the night side con- 
taining the Earth’s magnetic field and 
excluding, at least in part, the solar wind 
plasma). During the early sixties detailed 
satellite observations in the magnetosphere 


The problem of defining a substorm 


~: 


out to large distances, but linked to the 
polar regions by the Earth’s magnetic field 
lines, were only just becoming available, 
but it was already clear that large changes in 
the field and charged particle populations 
occurred, and that the substorm concept 
provided an organizing framework. 

Akasofu’s (1964) auroral substorm con- 
sisted of two phases, ‘expansion’ and 
‘recovery’, both lasting 30 min — 1 hour. 
Onset of expansion is signalled by a sudden 
brightening (in ~ 1 min), usually near mid- 
night local time, of one of a series of quiet 
auroral arcs which may have existed for 
several hours previously (Fig. a). Brighten- 
ing is followed by rapid poleward motion, 
forming a bulge which expands also to the 
east and west (Fig. b). The western end 
develops a large scale fold or ‘surge’, and 
the quiet arcs along which it propagates can 
brighten just before the surge reaches and 
engulfs them. In the morning the arcs break 
up into patches, drifting eastward at speeds 
~ 300 ms~'. Recovery starts when the bulge 
reaches its highest latitude, begins to 
contract and the auroras gradually 
resume their quiet-time appearance (Fig c). 
The occurrence of such displays is very 
variable, but several during one day is not 
unusual. 

The principal magnetic signature is a 
decrease in horizontal field strength under 
the auroral bulge due to an ionospheric 
westward ‘electrojet’ current of ~106 
amps flowing within it, although smaller 
perturbations are observed down to low 
latitudes. In addition, a spatially wide- 
spread magnetic signal usually appearing 
as a damped, ~] min period sinusoid ts 
initiated at the onset of expansion. This 
characteristic signal is known as a Pi-2 and 
is thought to be excited by rapid changes in 
plasma flow in the magnetosphere. 

In principle the substorm onset time can 
be obtained to within a minute or two using 
either auroral or magnetic data, and such 
accuracy is often required, for example, to 
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establish the relative timing of rapidly 
changing conditions at widely separated 
locations (for example, ionosphere and 
night side magnetosphere). In practice, 
however, timing substorms turns out not to 
be at all easy, as has become increasingly 
evident over the past decade, due both to 
the incomplete coverage provided by 
ground-based networks and to the 
increasing realization of their complexity. 
These problems have encouraged research 
groups to champion differing signatures as 
definitions of the substorm time-frame, 
resulting in a great deal of both scientific 
and etymological confusion, and providing 
the basis of much heated argument. 

A resolution of these problems was 
attempted in August 1978, when a three- 
day workshop was held at Victoria, British 
Columbia, Canada, attended by nine pro- 
minent substorm researchers. Their brief 
was to attempt to reach consensus on a 
workable substorm definition, backed by a 
set of useable signatures. The results of 
their deliberations have been published 
very recently (Rostoker ef al. J. geophys. 
Res. 85, 1663; 1980). 

The substorm picture discussed above is 
extended in the new descriptive definition 
offered by these authors in the recognition 
of ‘multiple onsets’, arising from 
observations of several discrete increases of 
activity during the expansion phase. Each 
of these increases is associated with a Pi-2 
burst, the formation of a new westward- 
travelling surge in the auroras, and, as the 
surge crosses the local meridian, a discrete 
poleward expansion of the westward 
electrojet. The first increase in activity is 
termed the ‘onset’, and all subsequent 
increases prior to the start of recovery 
(defined as before), ‘intensifications’. It is 
noteworthy that their definition includes 
the necessary appearance of at least one 
Pi-2 burst, the pulsations being taken to 
signify that the observed event is of an 
impulsive nature. 


Fig. Sketches of auroras during substorms viewed looking down on the north pole showing (a) thin quiet arcs lying in an oval around the pole with a 
brightened arc at the equatorward border signalling substorm onset, {b} bulge formation by rapid poleward motion with a westward-travelling surge at 
its westernmost edge and eastward moving patches in the morning hours, and (c) auroras returning to quiet conditions during recovery. The coordinates 
are local time hours (longitude} and magnetic latitude. 
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The second and more important feature 
of their discussion, however, is concerned 
directly with iculties and ambigui- 
ties inherent 1 ly available ground- 
based dat: £ eats required 
for the. : 
regarding t 
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comparisons with 
rovision of area 
ca form directly 
comparable wit t etical models. This 
point has now been eached for surface 
current measurement by High Frequency 
(HF) radar in the dekametric band as 
described by A. S. Frisch and B.L. Weber!. 
“The discovery from which HF radar 
oceanography has’ grown was made in 1969 
: Crombie?. In observations with a 
vertical y-pol d 13.5 MHz radar, 
directed seaward froma coastal site, he 
Z oppler-shifted echoes with a 
tron g spectral line component at a shift of 
0.376 Hz. This shift corresponds to a radial 
ae velocity which is that of gravity waves on 
“the sea surface of wavelength 11 m, just 
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r -half the radio wavelength. There is a 
< selective scattering process, now known as 


Bragg scattering by analogy with the 
diffraction of X rays from the regular rows 
of atoms in a crystal lattice. This process 
sifts out from the chaotic superposition of 
waves Of different lengths and different 
directions on the sea-surface those waves 
travelling radially towards or away from 
the radar and of wavelength half the radar 
wavelength. 

By using a dunba of radar frequencies 
and by directing the radar beam in different 
directions it thus becomes possible to 
measure the wavelength spectrum and the 
directional spectrum of sea waves, whether 
wind- -driven waves or swell. This has led to 
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occurred a few minutes earlier to the east of 


the station. Similar treatment is given to the 


magnetic signature, and it is finally uncom- 
promizingly recommended that re- 
searchers use Original magnetograms from 
‘‘as many relevant observatories as 
possible*’ to determine individual substorm 
development. Standard magnetic indices, 


in.common use at present, which are syn- 


thesized from a few auroral zone stations 
are to be eschewed. 

Even if the above laborious practices are 
followed, however, not all onset and 
recovery times can be determined with con- 
fidence due to gaps in ground coverage. 
Indeed some substorms, particularly those 
of small amplitude which tend to occur at 


higher than normal latitudes, may not be 


detected at all. These inadequacies were 
particularly exposed in the last decade 
when the first whole auroral oval pictures 
became available via the imagers flown by 


the US Air Force Geophysical Laboratory 
on DMSP satellites and by Canadian 
experimenters on ISIS-2. In these systems 
the picture is built up on a line-by-line basis 
as the satellite traverses the polar regions at 

~ 1,000 km altitudes, so that only one 
‘snapshot’ (of the northern auroral zone} is 
obtained per orbit (~90 min). These 
images allowed a great step forward in 
understanding auroral morphology, but 
were, of course, unable to follow the 
changes during substorms. A radical! 
solution to the problems emphasized by 
Rostoker ef al, is therefore clear, although 
technically difficult and rather expensive. 
What is needed, asthe authors point out, is 
a satellite aur TV-system with a 
resolution bette 10km spatially and | 
minute in time, can return images 
continuously fora p 3 


‘of several hours. 
Only with such dai full story of the 
dynamic auroras by 























' ily revealed. 
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Fig. 1 Example of 9-sample average of 200 second HF ground-wave sea-echo power spectra at 
9.4 MHz. Doppler frequency (horizontal axis) is normalised with respect to the expected position of 
the first order Bragg resonant peaks (here 0.313 Hz). A is the normalized shift of the record due toa 

surface current, as utilized in the NOAA current-measuring radar. Note the narrow Bragg peaks as 
seen with a narrow-beam radar. (After Barrick et ai’). 
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Fig. 2 Upper: Doppler spectrum of current- 
smeared sea echo from the Gulf Stream received 
on a wide-beam antenna. 

Lower: Phase difference between two spaced 
antennas versus Doppler-shift, demonstrating 
that echoes from different directions are sorted 
by current-produced Doppler and can then be 
identified. (After Crombie ef a/!'). 


the remote measurement not only of wave 
spectra, but also, by inference, of sea- 
surface wind direction’ and wind speed‘. 

Theoretical investigations by 
Hasselmann? and by Barrick® make it 
possible to deduce the wavelength and the 
directional spectra of sea waves by 
inversion of second order features in the 
radar echo spectra from a single patch of 
ocean at a single radio frequency. The 
spectrum of Fig. 1, obtained at San 
Clemente Island, California’, illustrates 
these first and second order features. These 
techniques already promise a capability for 
characterising sea-state over a large area of 
ocean, Crombie’s coastal-sited ‘ground- 
wave radar’ technique can give coverage up 
to some 300 km with suitablé power and 
frequency; ‘sky-wave radar’ using 
ionospheric refraction covers the area 
between 1,000 km and 3,000 km from the 
radar®?, A useful review of the basic 
concepts of HF radar oceanography has 
been given by Barrick'®. 

The paper by Frisch and Weber makes 
use of a different phenomenon from those 
employed in the above wave and wind 
measurements. In Fig. 1 it will be seen that 
the approach and recede first-order Bragg 
resonant frequencies, nominally at +1 on 
the normalized Doppler frequency scale, 
are displaced from symmetry about zero, 
as if the approaching waves were travelling 
faster towards the radar than the receding 


waves away from the radar. This is what © 


would be expected if the water surface were 
being carried towards the radar by the 
radial component of a tidal stream or 
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current. 
propagation, such shifts can also be intro- 








(In the case of sky-wave 


duced by ionospheric motion, but this is 
not so for ground-wave radar}. gt 
If we consider a ground-wave radar 
located on the sea coast with an 
omnidirectional antenna, so that sea areas 
in all directions contribute to the received 
echo, a ‘current-smearing’ will occur. 
Returns from different directions will be 
Doppler-shifted by the current to different 
extents. Fig. 2 shows the results of an 
experiment done under conditions!' in 
which reception took place on two spaced 
antennas. At the top is seen the current- 
smeared spectrum for the approach and 
recede Bragg resonant waves, while at the 
bottom is the phase difference between the 
two antenna signals plotted as a function of 
Doppler shift. This phase difference, $, 
would be expected to be given by k d sin a 
where d is the (known) spacing between the 
two receiving antennas, a the azimuthal 
angle relative to the normal to d, and k, is 
the (known) radar wave number. We see 


sorted by frequency and that it is then 
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Fig. 3. Two maps depicting the tidal currents in 
the vicinity of Kachemak Bay at times 8 hrs 
apart. The current vectors are plotted at 3 km 
intervals relative to the southern radar site near 
Seldovia. 


-that by Doppler analysing the echoes, ~ 
‘returns from each direction have been 
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F ig. 4. Tidal ellipses for the 12 hour tidal 
velocity component in the vicinity of Kachemak 
Bay, starting at 00 hours on July 13, 1977. The 
arrow points to the current direction at 00 hours. 


possible to measure their direction of 
arrival by simple relative phase measure- 


“ment, at separated antennas, This. is athe 


principle of the NOAA current measuring 
radar!?, 

Frisch and Weber describe the dey: 
ment of two such radars in the Cook Inlet, 
Alaska. Fig. 3 shows a snapshot of current 
vectors obtained by putting together the 
radial current components measured from 
the two sites, Seldovia and Anchor Point. 
The data was analysed by extracting from 
the radar results at grid locations:spaced 3 
km apart, the North-South and East-West 
components of the current. The values of 
these components were available from 
observations taken every fifteen minutes 
throughout twenty-four hours. A least 
square fit was.then carried out to estimate 
the nominal twelve and twenty-four hour 
tidal components for the surface currents 
as a function of position. The current 
velocity at the grid locations showed a 
considerable but orderly amplitude and 
phase variation over ne radar coverage 
area. 

A compact summary of the- kind of 
results that can be obtained by this method 
is given in Fig. 4, here showing the:tidal 
ellipses for the 12 hr component of tidal 
velocity. oe 
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Nd and Sr isotopic compositions of young granitoid rocks from diverse locations show that none of them is derived from an 
oceanic mantle. Instead a large amount of recycled older continental crust must be involved in their genesis. In contrast old 
granitoids (older than 2,000 Myr) seem to have initial isotopic ratios of Nd and Sr quite close to the planetary mantie 
evolution line. These observations are interpreted as evidence of a quasi-continuous continental growth through geological 
time. We propose a mixing model to explain quantitatively the generation of granitoids from mantle and recycied continental 





materials. 





THE process of orogeny incorporates a variety of stages such as 
folding, metamorphism and granitization, and its main chemical 
result is the formation of a piece of continental crust. As 
granitoids are the main components of continental crust, the 
problem of their genesis is linked to that of the origin and 
evolution of continents. Two extreme theories have been pro- 
posed: 

(1) continental crust is created from the mantle by a continuous 
differentiation process throughout geological time; 

(2) continental crust has been differentiated once from the 
mantle, early in the Earth’s history, since then this material has 
been continuously recycled into the new crust. 

The formation of granites can also be described by two 
models: either as the ultimate product of magmatic differen- 
tiation, or as a product of crustal anatexis'*. Although using Sr 
or Pb isotopes as petrogenetic tracers has clarified some prob- 
lems?” no widely accepted model has been proposed so far. 

Following the work by Richard et al.” Nd isotopes were used 
for extremely powerful tracer studies” '*. Their usefulness is due 
to two geochemical properties of rare-earth elements (REEs): 
they are not very mobile and large geochemical fractionation of 
the parent/daughter Sm/Nd ratio is difficult. 

This article considers the application of the coupled Nd-Sr 
isotopic systems to the genesis of continental crust: old and 
young granitoids are compared. 


Petrogenesis of recent granitoids 


We have investigated the Nd systematics in granitoids younger 
than ~350 Myr (the age correction for '*’Sm in situ decay is, 
therefore, rather small) representative of the various geody- 
namic environments: (1) island-arcs (Japan); (2) continental 
subduction zones (Andes); (3) complex subduction areas 
(southern California Batholith, Sierra Nevada); (4) continental 
collision zones (Himalayan and European hercynian granites). 
Results for the major petrographic types of granitoids are given 
in Table 1 and illustrated in Figs 1 and 2. 


Subduction zones 


Japan. We have studied two typical Japanese granitoids from 
Okue and Owe in the centre of Honshu Islands, which are 21- 
and 12-Myr old respectively. Like the whole calc-alkaline suite, 
these granitoids are associated with the general subduction 
process. Eng = ~3.3 and —3.1 (see Table 1 for a definition of 
Eng). Because these values are significantly lower than those for 
mid-oceanic*’’'' and island-arc basalts'*’*, direct derivation 
from a downgoing plate is ruled out. These granitoids are at least 
partly composed of crustal material, which may have been 
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incorporated into the subducted plate as detritial sediments, or it 
might result from remelting of the overlying continental crust 
induced by the presence of hot basic or calc-alkaline magmas. 
California. Two typical batholiths occur in California: in south- 
ern California and in the Sierra Nevade. Although the tectonic 
situation at the time of their formation is not clear, it is consi- 
dered to be related to subduction processes". 

The southern California batholith is acomplex which includes 
many different types of granitoids with ages ranging from 80 to 
103 Myr on the east and 105 to 130 Myr on the west’”. Detailed 
studies by Silver et al.'*"'’ using Sr and Pb isotopes and trace 
elements, and by Taylor and Silver using O/O and 
87Sr/®°Sr ratios, have shown that the batholith can be divided 
into a western and an eastern part, the former being older and 
emplaced at a shallower depth than the latter. 

The variation of 10/140 and *’Sr/*Sr seems to confirm that 
several sources are involved in the genesis of this batholith. The 
value £ha = +3.6 for the San Marcos gabbro is consistent with 
that of mid-oceanic ridge basalts (MORB) contaminated by 
some crustal material. The Rubidoux granite, a ‘charnockitic 
granite’ has £ Na = — 1.4. which is close to the present chondritic 
value, while for the Lakeview Tonalite ena = ~9.9 which is very 
different from any mantle material value and implies a large 
crustal component. 

In the study of the Sierra Nevada batholith by Hurley et al.” 
using the °’Rb/®’Sr method, some isotepic heter ogeneities were 
pointed out within the batholith. More recent studies”” gave a 
better definition of this heterogeneity: this batholith is 
composed of many plutons almost continuously emplaced from 
134 to 85 Myr and with some older ones around 160 Myr. in the 
southern California batholith there is a systematic variation 
from west to east for both Sr and Pb isctopes. Note that the four 
rocks studied here clearly do not constitute a comprehensive 
survey of the two massives. As the gaa vary between ~7 and 
-3.3 and is clearly outside any mantle trend, this implies the 
participation of crustal material in the genesis of these bath- 
oliths. Again, none of these granitoids can be considered as the 
direct product of mantle type material~-remelting of oid 
continental crust is needed. This agrees with the studies of 
Magaritz and Taylor and Armstrong er al.*'**. Both batholiths 
are heterogeneous and seem to contain oceanic material mixed 
with previous continental crust. 

Peru. The tectonic environment in the Apdes is important 
because it has been considered as the archetypal continental 
growth mechanism. Although we have studied only one grani- 
toid, more extensive research has been carried out on the 
different types of lavas which are widely held to be the extrusive 
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equivalent of true granitoids. We have studied two andesites, 
three rhyolites and one dacite, from the Barrosso and Arequipa 
volcanic fields in southern Peru. Sr and Pb isotope studies 
have shown that these rocks have been contaminated by 
continental crust’’**. This contamination seems to be differen- 
tial and more extensive than for other samples. The values of eng 
are all negative between —1.4 and —5.1; none of these values are 
thus consistent with a pure derivation from oceanic mantle. 
These results agree with those of De Paolo and Wasserburg’ 
which are based on the analysis of one andesite and imply a 
crustal contamination. 


YOUNG GRANITOIDS BASALTIC ROCKS 
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Fig. } Raw values of young granitoids expressed in eha The reference 
values for MORB, oceanic islands, continental flood basalts and islands arcs 
are from refs 8, 9-11, 37:©, Japan: @,- Southern California Batholith, ©), 
Sierra Nevada: á, Peru: @, Himalaya: A, Pyrenees, Quérigut, ©, 
Costabonne, @, Aix les Thermes; A, In’zize. We adapted the technique of 
Richard eral” to the granite problem. To dissolve all the accessory minerals 
isuch as sphenes and zircons) often rich in REE, they were attacked in a 
Teflon bomb under pressure (see ref. 73), HNO, and HCIO, were added, 
reevaporation took place and they were then dissolved in 6M HCI. 
Measurements were made using the triple filament technic. The total blank is 
about 40 pg and is, therefore, negligible in our study. Notations are defined 
by: 
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CNA Nd) ampte Today: Measured value of the sample. eya for a sample 
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The Sr isotopic composition has been measured in most samples following 
the technique described elsewhere”. For Pn ex, can also be defined in the 
same way? 
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The continental cóllision situation 


The continental collision environment must exist in Himalayan 
granites and has also been proposed to account for the French 
hercynian segment” 

The Himalayan granitoids can be divided into two categories: 
those which are situated along the Main Central thrust (MCT), a 
gigantic intracontinental thrust inside the Indian shield**** and 
those which are on the edge of the asanpo suture, composing the 
Laddakh batholith. 

The MCT granites are all leucogranites (aluminous, two mica 
alkaline granites). An age determination of 29 Myr for the 
Manaslu massif has been questioned”, and the other Palung 
Daman and Makalu-Kakani granitoids seem to be slightly 
different and not well dated either**. However, for general 
stratigraphic reasons, the ages of these granites are taken as 
between 50 and 15 Myr (ref. 26) which gives initial °’Sr/*°Sr 
ratios of around 0.780. Such high ratios clearly represent the 
remelting of old continental material, which agrees well with the 
petrological study by Lefort”. As expected, ea values are 
strongly negative, from —10.3 fae 15.8 and are the lowest values 
ever reported for young granitoids. There is little doubt that 
these values, like those for Sr, indicate the almost pure remelting 
of old continental crust. 

The Laddakh complex is a large granodiorite complex which 
represents the granitoids associated with the major collision 
between India and Eurasia. Two samples have been analysed 
with eng values of +1.8 and —1.4. Both values may be inter- 
preted as a record of material derived from an oceanic crust 
contaminated by crustal material (as for California or Japan). 

The ‘pyrenean’ granitoids have been extensively studied from 
the chronological, isotopic, and petrological points of view’, 
They were deposited during the hercynian orogeny and can be 
divided into two groups. The first is represented by early granites 
emplaced 320 Myr ago with a high initial °’Sr/**Sr ratio (0.712) 
characteristic of many gneissic xenoliths; a typical example i is the 
Aix-les-Thermes 2-mica granite. The second group is younger 
(280 Myr) and has a lower initial °’Sr/*°Sr ratio’’. These grani- 
toids are characterized by xenoliths of quartz dioritic composi- 
tion and a complex set of different facies’. The Querigut 
granite’ and the Costabonne granite belong to this second 
group. 

According to Mattauer’s interpretation of the hercynian oro- 
geny in western Europe, these granites were generated during 
a continental collision very similar to the Himalayan one. All of 
the granites have negative ena values between —0.7 and —8.9 
which again cannot be explained by direct derivation from the 
oceanic mantle. This conclusion is supported by trace element 
results?*. 


Nd-—Sr relationship on modern granitoids 


The relationship between the Sr and Nd isotopic ratios of 
modern basalts suggested by Richard et al." and demonstrated 
by others’??? is a very important and distinctive signature of 
mantle evolution®’. It seems that the initial ratios of Sr and Nd of 
any material directly derived from the mantle would probably 
plot on this general trend. On the other hand, as we have already 
emphasized, the studies of Carter et al.” have shown that the 
Sr—Nd isotope diagram can clearly discriminate a mantle type 
origin from a lower or upper crustal origin. Therefore, the Nd—Sr 
diagram should give a clear distinction between different hypo- 
theses of granitoid genesis. Let us consider the general trends 
i e° notations. The present terrestrial mean corresponds to 
oa = 0 CPNd/ Nd = 0.51264) (see above) and by definition 
el, = 0 (’Sr/**Sr = 0.70478) (ref. 36). The oceanic mantle, and 
probably some of the subcontinenta] mantle plot in the upper 
left quadrant {£ Na >0 and es, <0). In this quadrant there is a 
negative correlation between £ha and e$, Carter et al.*” have 
shown that Lewisian granulites normally ‘plot i in the lower left 
quadrant (ENa <Oand e$, <0) although a few granulites do have 
positive € ¢- The old granitoids or gneisses in amphibolite facies 











Nature Vol. 286 24 July 1980 





serra an aoe HA tPA NAHE RAHA, eR Ar rears erate 


Table 1 Major petrographic types of the granitoids 
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Mode! Model Real 
j ETor/8iSrt Sr age Nd age Age l 
Samples MSm/ Nd Nd/ Nd" ehate Ndt 751 /*°Sr initial PTRb/ Sr} (Myr) (My) (Myr) tug Se 
Young granitoids 
Japan Okue 2 0.$1247+9 -3.3 -3.3 0.706241 0.70610 2,15 49 i -34 +14.3 
Owe 2 0.51248 + 13 -3.1 -3.1  07077+1 0.70713 3.00 72 2 ~3.4 +344 
Himalaya . | 
Nepal 22 D. Manaslu 0.141 O.S118347 -15.8 -16.3 0.743324408 0.74088 5 98$ 471 2,340 28 -16.3 +5136 
Palung A 404 O.S119744 -43.1 -13.1  0.82131+50§ 0.80008 37.88 223 “131 +1,456.0 
Makaly 132 0.121 O.S51211410 ~10.3 ~10.10 1.310 26 -10.10 
Laddakh 
granodiorite HB68 0.108 0.512563 -1.4 -f4 0.7050+18 0.7045 0.170 190 6$ $] +20 2.66 
diorite HB74 0.617 0,5127323 +18 +18 0.7048418 0.7045 0.352 =J 2.28 
Southern Batholith of California 
San Marcos G. 60-5 =, 18344 0.81279 45 +2.9 +36 0.7040 0.7032 0.38 -190 -363 120 +3.6 -18.2 
Rubidoux G. EL 38. a 0.51257 +5 ~1.4 0.7121 0.7045 4.42 121 126 -1.0 
Lakeview Tonalite 60-2 0.51213 4+4 ~9.9 0.7058 0.7045 0.73 114 120 ki 
Sierra Nevada | 
R 5075 0.51228+11 -7.0 -7.0  07072+2 0.7063 0.68 293 90 ~F.0 +23.6 
R S084 0.51247 + 16 -3.3 -33  07106+1 0.70937 1.13 404 90 -23 +644 
R 5079 a 0.512374 8 -5,3 -5.3  O.710641 0.70850 0.97 474 gü -5,3 +66.6 
R 4602 0,107 0.$1220%2 ~8.6 -6.6 0.708342 6.7063 0.79 361 775 180 -H6 +244 
Peru 
Granite P 293 0.51238% 10 ~$.4 0.723541 0.7105 4.72 342 230 83.4 
Rhyolites , 
P 255 0.0948§ 0.51248 +8 ~3.1 -3.1 O.70705eS# 0.707023 # 1.95% 87 246 L74 Ji 32.2 
P 293 O.1168§ 05125724 -1.4 ~1.4 0.73928274 O.7174234 909.08 28 138 1.74 ~1.4 VE: 
P 292 O.1388%  0.51238+6 -5.1 -5.1 0,748426# O.717443# 1172.48 26 745 1.74 5.1 206.1 
Dacite 
P 254 0.08688 0.51243 +3 ~4.1 -$1 0.70619+6#  6.70618+6#4 0.57 209 298 1.4 -A1 29 
Andésites 
P 290 8.10488 05124224 ~$,3 -4.3 O.705Sie5# 0.70551 468 0.54% 108 375 1.74 43 10.3 
P 289 O.085§§ 0.512391 ~4.9 ~4.9 070874248 0.70874+6#8 0.548 151 342 1.24 49 3 
French Hercynian granites 
From Querigut 
Quartz diorite OT 08 0.1374}  06.5125049 -2.7 -0.7 0.70859 0.70633 0.55 578 378 2800 + 0.7 26.7 
Monozonitic granite QT 12 -© 0097$ 0,5123046 ~6.6 -3.2 0.721422 B.7104 2.89 426 540 280 -3.2 7 
Granodiorite QT $2 O.192¢¢ 0.5122143 ~8.4 -5.5 0.713627 0,7099 1.09 632 ROE 280 -5.5 68.6 
Calcalkaline granite with © 20g... l . 
bitotites OT 15 _  _., O.138E¢ 0.51208 49 ~10.9 -8.9 0.7458410 0.7153 7.78 383 1540 2380 o o 8.9 156.1 
Granite Costabonne 0162 0.512394 445i] -4.9 -3.1 0.723046 0.711 3.03 445 Tat 265 ~3.4 104.4 
Aix les Thermes AX4 — pato 0.51204+60ğ  ~11.7 -8.2 0.782944 0.711 15.9 385 1,100 325 ~8.2 92.6 
Sahara ae oF 
Inzize 0.1197- 05117045 —18.3 -12.7 1,936 600 -12.7 
Precambrian granitoids = 
Grenville . . 
5208 Wesport Granite 0.0920  0.51209+3 -10.7 +42.5  0.753** 0.704** 3.28 1,000 835 1,626 +25 +434 
5210 Blue Mountain 0.1325 05121049 -10.4 -0.37 0.727 O.7041%4 1.36 1,290 1,339 1,285 O37 +51 
Rapakivi Parguasa (Venezuela) 0.092 O.51160+2 -20.3 -0.35 0.8405 0.7004 + 1 6.53 1,500 1,519 1,830 -0.35 -39.4 
Tassendjanet i l 
L 418 0.085 O.S112543 -27.1 +20 07134] 0.7018 0.39 1950 1.939 2,000 +20 -10,3 
M 697 0.086 0.51123 41 -27.5 +10 1.980 2,099 #1.0 
Ivory Coast Granite Cl, 0.107 0.5115046 ~22.3 +01 O.714126 0.70104 5 0.416 2,010 2,000 2,010 +01 -ÜÜ 
Swaziland . . = 
Si SA 0.115 0.51008 +2 ~32.3 +21 3,200 34 +31 
S,. Se 0.106 0.510664 2 ~38.6 ~0.2 3,400 3400 -0.2 
China granites 
CHID 0.119 0.5115023 ~22.3 +08 O.70334888 0.702825H#8 G.023## 1,590 2,320 2408 0.8 +1B9 
CHIB 0.068 -37,3 +0,9 0.71657 ## 0.70254588 O417#6 2,550 2,340 240i 0.9 +86 


0.51073 45 





* Normalized to '*°Nd/!“*Nd = 0.7219; errors are Zo mean. l 

t eĝa and eit! relative to Juvinas; YINd/' Nd today = 0.51264; '*’Sm/'4*Nd today = 0.1936; a 1 Sm =6.854x 107)? yr! 

ta® Rb = 1.39% 107! ye? 8? Sr/8°S¢ today = 0.70478; ®’Rb/**Sr today = 0.087. 

§ Ref. 27. || Unpublished data. € Ref. 28. # Ref. 23. ** Ref. 55+? Ref. 12, $4 Ref. 34. §§ Dupuy, unpublished data. l} Ref. 8. €€ Ref. 76. ## Feldspar from CHID and CHIR. 

A number of ratios of 876, /*5Q) taken from the literature (for example, Aix les Thermes, and Costabonne) are given here with smaller number of digits (3 or 4) and without error bar, due to their 
ancient determination. l 

7 §r/**Sr) initial ratios for Japan, Sierra Nevada, Querigut and part of Peru samples have been calculated from ages determined with other radiochronometersand with the Ap, = 1.39 « 107 an ee 
Ages for all the other samples have been determined from corresponding isochrons. 


and old schists, which might be attributed to the upper or 
medium continental crust, plot in the lower right quadrant 
(Ena <0, £S, > 0). 

To compare the position of modern granites with that of other 
rock types more quantitatively, we have to remember that ex, 
and es, values for the old granitoids and gneisses which form the 
basement in most continental areas strongly depend on their 
ages. Statistically the older they are, the lower their ex, and the 
higher their e¢,. This precludes the possibility of getting a simple 
field in a engages, diagram for all types of continental crust and, 
therefore, we must consider each case individually. 

In the (ena, Es) correlation diagram we shall consider the 
mantle correlation band and the quadrant defined by Carter et 
al.*’, Plotting our results for young granitoids, we see that (Fig. 


3) most modern granitoids plot in the lower right quadrant, 
roughly indicating that they show isotopic affinities with the 
upper or medium crust rather than with the granulite facies. 
Only the two granitoids of the southern California batholith plot 
in the lower left quadrant. These massifs may be derived from 
lower granulite crust (see ref. 37). Thus the correlation diagram 
qualitatively suggests that no young granitoid is an 
uncontaminated product of the mantle, and that they all contain 
some crustal recycled component. We can now study the mixing 
of a mantle component and a recycled crustal component more 
quantitatively. Such a theory was first proposed in 1965 (ref. 38) 
using isotopic evidence, but it can now be modelled. 

The equations show (see Fig. 46) that the mixing depends on 
three groups of parameters: (1) the isotopic compositions of the 
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two end-members, the mantle and the crustal component; (2) 
the ratios of Nd and Sr concentrations in crust and mantle, 
Cra/CRa and Cs./Cg; (3) the mass ratio of the two 
components, m°/m™, 

We will select two different points for the isotopic composi- 
tion of each component. We assume that the mantle component 
has the composition of a typical oceanic MORB mantle or that it 
has a planetary composition. For the crustal component we will 
fix the Sr isotopic ratio as *’Sr/*°Sr = 0.720, and take a ‘young’ 
crustal! component with ‘“°Nd/'**Nd=0.5125 and an ‘old’ 
crustal component with '**Nd/'**Nd=0.5108. These limits 
allow the observed results to be discussed in a general frame- 
work. 

The mixing equations also involve the Nd and Sr crust/mantle 
concentration ratios. The values for both the upper and lower 
crustal component concentrations fall in a fairly narrow 
range’ °°*°. The mantle component concentrations are more 
difficult to ascertain; this component may be a highly differen- 
tiated rock such as rhyolite, or a moderately differentiated one 
such as diorite”. It cannot be of typical basaltic nature because if 
it were the mixture with the crustal component would change the 
isotopic ratios so that the mixture would inherit a ‘granitic’ 
isotopic signature although it could be close to a basalt from the 
point cf view of major element chemistry. For neodymium a 
crust/mantle concentration ratio of about 1 or 2 is reasonable. 
For strontium we can assume a crust/mantle concentration ratio 
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Fig. 2 Comparison of ex, 
with es, for young granitoids. 
Symbols are as in Fig. 1. 


200 500 1000 1500 


of 0.3 which corresponds to the granite/diorite concentration 
ratio. 

Most of our data plot in the field between the young and old 
crust mixing lines. For every young granite in Fig. 3, we can read 
in Fig. 4 its specific mixing ratio m*/m™. For a given ordinate in 
Fig. 4, a conservative estimate of the crust/mantle mixing ratio is 
provided by the interval between the eng values for the young 
and old crust mixing curves. A qualitative description in terms of 
young or old crust recycling can be obtained, rather than a 
precise young/old crust ratio or crust age. However, when the 
crust/mantle mixing ratio is found to be close to unity, a good 
approximation of crustal age is given by the Sm/Nd model age. 

Most orogenic granitoids have been mixed with relatively 
young continental crust (Sm/Nd model ages: 600-1,200 Myr); 
this includes the Japan, Sierra Nevada, European Hercynian 
granitoids and Andean granitoids or andesites. For these areas 
the basement is not expected to be very old and, therefore, the 
results agree with the regional geology. The continental/mantle 
component mass ratio values are probably between 1 and 4. The 
highest ratio is that for the Himalayan anatectic granites which 
represent almost pure remelting of 1,100-2,300 Myr old base- 
ment. The hercynian granites from the Pyrenees have also a high 
m°/m”™ ratio. 

The southern California batholith, on the other hand, plots 
outside the upper crust mixing curve field and would be accoun- 
ted for by a mixture of mantle material and a lower crustal 


Fig.3 a,b Comparison of sia with es, 
showing the contrast in the distribution 
of experimental points between grani- 
toids older than 1,000 Myr (a) and 
those younger than 400 Myr (4). 
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component; such a conclusion does not contradict that of Taylor 
and Silver'*, but a more comprehensive study is needed to really 
understand the data. The position of the Skye anorogenic 
granite in the (E Nas £$) diagram is close to the field of the 
Lewisian gneissic basement’ ’. Its genesis has therefore involved 
remelting of an old basement. 

The Nd and Sr isotopic results for most young granitoids leads 
to the main conclusion that there has been extensive involve- 
ment of previous continental crust. This effect is particularly 
important for continental collision orogenesis (almost pure crust 
remelting in the MCT from Himalayas). Subduction type oro- 
geny involves more mantle material but with m“/m™ values of 


¿> 0.5-2. We can stress three points concerning the mixing process. 


>c (1) Where the mixing? occurs has not been determined. It 
=- may take place in the geosyncline between volcanic rocks and 
detrital sediments, or during the intrusion of mantle diorite by 
assimilation, or even by sediments dragged down by the 
downgoing slab. 
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(2) Except for continental collision areas, the basement 
involved is not extremely old, which agrees with the border type 
models of continental growth (see below). 

(3) Because Nd is extremely insoluble and not very mobile 
during water transport or metamorphism*’ the mixing process 
cannot be interpreted as selective contamination as it was for Sr 
or Pb. We had then to consider a volume-to-volumie mixture. 
This is a characteristic of Nd isotepes and reinforces their 
usefulness. 


Genesis of Precambrian granites 

The Sm-Nd isotopic relationship of several Precambrian grani- 

toid rocks have been investigated. They include: 
Isua gneisses, 3,720-Myr old“, ° 
Amitsog gneisses from Greenland, 3 ,650-Myr ol 
Preissac Lacorne batholith from Quebec“® and Lake Louis 
batholith from Wyoming, ~2,650-Myr old”. 
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Lewisian gneisses, 2,920-Myr old**. 
Mountain Pass, California, with proposed“? ages of between 
1,400 and 1,700 Myr. 
Llano uplift, 1 Myr old”. 
We have added several new examples: 
The Swaziland (South Africa) granites, 3,400-Myr old*’. 
The Tsien-Si metagranite (Republic of China), 2,400-Myr 
old. 
The Tassendjanet granite (Sahara), 2,100-Myr old*’. 
The Baoulé granite from Ivory Coast, 2,000-Myr old**. 
The | Grenville granites from Ontario, 1,000-1,300-Myr 
od”, 
The Rapakivi granite from Venezuela, 1,500-Myr old*’. 
The Pan African granodiorites from Morocco and Ahaggar, 
600-Myr old”. 
For each granite, it is possible to measure the '**7Nd/'**Nd and 
'*"§m/'**Nd ratios. If the geological age T, is known indepen- 
dently, the initial ratio can be calculated: 


(?Nd/ MANA 7, o (Nd /'*4Nd) meas ze (*"Sm/'4*Nd)(e*™ ad 1) 


De Paolo and Wasserburg’? have shown that this calculation is 
reasonably reliable for Sm-Nd because this chronometer is 
practically insensitive to weathering and to weak metamor- 
phism. Therefore, only a simple in situ age correction is needed 
to calculate all initial ratios ('**Nd/'**Nd), 7,. A convenient way 
of comparing the deviations from the planetary evolution curve 
is to use the initial ex, notation’. 

All of these granitoids have initial '**Nd/'**Nd values which 
plot very close to the closed system planetary evolution line 
defined by De Paolo and Wasserburg’®. 

Contrary to what is observed for recent granitoids, Nd iso- 
topes favour a mantle origin for the Precambrian granitic rocks. 
Our present statistics on these initial ratios are poor and need to 
be improved. However, the general result is impressive 
compared with the results for modern granites, especially as our 
sampling covers different petrographic types in the Pre- 
cambrian. The first interpretation would be that these granites 
were directly derived from the mantle through magmatic 
differentiation or segregation processes. However, we could also 
imagine a derivation from the mantle via a sedimentary cycle. In 
such processes, the sediments are volcanogenic greywackes 
which are melted a short time after their deposition. If this is the 
common process for granitoid formation, then our results 
indicate the participation of a large proportion of mantle 
material in the sedimentation during the Precambrian period. In 
some way these granites were freshly derived from the mantle 
and, therefore, the continental crust corresponding to these 
granites can be considered to be young. 

As for modern granites, one important way of examining the 
Precambrian origin is to use the coupled Sr-Nd isotopes. As the 
initial ratio is more difficult to obtain for Sr because of the 
mobility of Rb and Sr, a complete study including whole rock 
isochrons is necessary to obtain such values. 

The data for Precambrian granitoids plot around the origin of 
the diagram (Fig. 5a), even if the resulting Sr errors are larger 
than the Nd ones. Such a plot seems to indicate a tendency for 
departure from the planetary (bulk Earth) values with time, 
more clearly for Sr than for Nd. Comparing these diagrams with 
our mixing model reveals large differences in the isotopic geo- 
chemistry of Sr and Nd, and clarifies the scatter around the 
origin through geological time. The lower crust (granulite facies) 
has positive es, but quite negative ex, (ref. 37). The fact that all 
experimental points plot around the origin of the Nd diagram 
eliminates the possibility of Precambrian granitoid originating 
from recycling of the lower crust”. 

The Nd and Sr evolution curves for the oceanic mantle have 
been determined by Zindler er al.™® and C.J.A. et al.°”. It is very 
interesting to plot on the same diagram the oceanic mantle 
evolution curve aad the evolution curve for the initial ratio of 
granitoids (continental crust, see Fig. 4a). For the past 
2,000 Myr, the younger the age, the more the oceanic mantle 
and continental crust curves diverge; this means that granitoids 


sensei 
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are not the result of pure oceanic mantle differentiation, thus 
recycling has been involved. This strongly suggests that the 
oceanic mantle isotopic evolution is due to the extraction of 
some material which is stored in the continental crust. A second 
observation is that the scatter of values for granitoids increases 
with time, so that the process is a statistical one. Third, we do not 
observe a sharp transition between old and young granitoids, but 
rather a continuous one. Thus, 1,000 or 500-Myr old granitoids 
are very important for studying the onset of the present diver- 
gence of continental crust and mantle evolution. 

Various models**°”*’, in which old continental crust was 
differentiated and then recycled through geological time, are 
ruled out by Nd data. Other models’, which suggest that 
continental crust is derived from the mantle by a differentiation 
process, are not appropriate either (see Fig. 44). The model of 
Moorbath’ is difficult to reconcile with Nd results on young 
granitoids. Nd contamination is not selective or accidental, as it 
can be for Sr, and large masses of crustal component are 
involved in the genesis of young andesites or granodiorites. 

One interpretation of our observations is by postulating two 
types of granite production processes: (1) a Precambrian type 
for which granitoids are derived from the mantle through 
complex magmatic fractionation processes (calc-alkaline 
differentiation); (2) a post 1,000 Myr type during which crustal 
anatexis became the major process. 

Such a sharp transition is difficult to reconcile with petro- 
graphic observations since Moorbath et al. (ref. 61 and unpub- 
lished results) have clearly demonstrated the existence of crustal 
anatexis in the Archean, and others®** have clearly demon- 
strated, for various types of granitoids linked with a calc-alkaline 
suite, that many Precambrian granites have close equivalents in 
modern ones. 

In addition, such a sharp transition will bring back the ‘catas- 
trophy’ problem usually poorly supported by geological obser- 
vations. We will, therefore, assume a uniform set of processes 
for the genesis of granitoids through geological times, with an 
evolution in the characteristics of these processes. We suppose 
that the variation applies to the composition of the materials 
from which the granitoids derive. 


Mantle—crust mixing model for granitoid 
formation and continental growth 


We have seen that isotopic data for young granitoids can be 
understood through a mixing model involving a mantle 
component and a recycled crust component. Can this model be 
extended to the Precambrian granitoids? 

Adopting the (/-S) classification of White and Chappell® 
which agrees with Didier and Lameyre’s classification based on 
xenoliths“, we examine the genesis of these two types of grani- 
toids. 

The (S$) granitoids are derived from sediments or metasedi- 
mentary rocks. All sediments are composed of a recycled detri- 
tal component and a mantle component. For sediments which 
are abundant in metasedimentary piles such as greywackes or 
schists this type of dual origin is clear. In the Archean, the 
continental crust was not as developed as it is today: the mantle 
component was dominant in such sediments. With time, 
however, the isotopic signature shifted from a mantle value to a 
continental crust one. In recent times the continental 
component has dominated. Such a model explains quite well the 
observations by S. R. Taylor on shales. These authors claim that 
these are pure continental crust sediments while we believe that 
they are mixtures with a mantle component”. 

We admit that the (J) granitoids result from a mixture 
between an intrusive component of mantle origin (diorite) and 
its surroundings. These surroundings are composed of sedi- 
ments or metasediments or granitoids. 

The above reasoning may then be applied, but with a larger 
mantle contribution. Thus, both (J) and ($) granitoids can be 
explained through a mixing model, but does our model fit the 
data quantitatively? 
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Fig. § Mixing model curves. Computed model with two last orogeneses 
entering the continental crust (last orogeny contribution is four times that of 
the one before), The degree of mixing between mantle and preexisting crust 
is assumed- to bevincreasing with time as 1, with more and more crust 
entering the oragenesis. The curves for oceanic mantle and continuously 
recycled crust differentiated at 4,000 Myr are also plotted as references. 


Our hypothesis is based on the fact that continents have grown 
through geological time, although not always with the same rate. 
This growth takes place during orogeneses. These orogeneses 
are discontinuous events, at least locally. Therefore, we will use 
a finite difference method. Let R,,(t) be the isotopic ratio (Nd or 
Sr) (at time ż) of the granitoid formed during the nth orogenesis 
which occurred at time t, (or age ¢,). Let R..,,(t) be the isotopic 
ratio at time ? (or age £) of the mantle. If a is the mass fraction of 
Nd (or Sr) from the preexisting crust involved in the mixing, then 


Rpt) =aR oath) +L ~a)Rinlty) 


68,69 






Because geological observations and observations made on 
California and Laddakh granitoids suggest that the oceanic 
mantle is involved in continental growth, we will take the 
oceanic mantle isotopic ratio for R,,(t). The crustal composition 
will be written as a polynomial: 


fase} 


Ronit) = >»: a (R(t) + Alte =f) 


i=0 
with 
no} 
a>0 and $ a,=1 
and 
'47Sm 
He = aNd 


in the continental crust. a;(R.;(t,)+ A(t, —t;)) is the crustal 
contribution of the ith orogenesis to crustal composition. This 
approach uses the fact that u. is almost constant in granitoids of 
different ages. 

The parameters a; can be chosen i in different ways: if we take 

n-1 = 0.8, a,» = 0.19, Y a; = 0.01, recycling is restricted to 
fe last two orogeneses. This hypothesis is supported by the 
erosion being proportional to the height of mountains, and is 
therefore only important for young mountains. It also agrees 
with the theory of continental growth by successive belts. We 
can choose a smoother law: 


Qn-1= 0.4, an-2=0.3, a,-3=0.2, a,.=0.08... 


This assumption is supported by the fact that sediments are 
created by large rivers such as the Mississippi, the Yang Tse, the 
Mekong, and the Amazon, which flow through terrains of 
various ages. 








Another hypothesis about the mixing parameter must be 
made. Although we assume that a is constant through geological 
time (this is the steady state approximation), it is more likely to 
have increased because during the Precambrian the mantle was 
more active’’”* amd the continental crust not so developed and 
thus there were more volcanogenic sediments than at present, 
Observations of Archean sediments support this point of view ` 

As we have no evidence that continental differentiation star- 
ted before 4,000 Myr, our calculations start from that date. 
Orogeneses are supposed to occur with a regular time interval of 
500 Myr. In fact, each parameter is susceptible to variations and 
our model should be stochastic. However, the model is given 
here in its mean value form. Numerical calculations of these 
equations and comparison with observed data have shown that: 
(1) a mixing ratio a, which is constant through geological times 
does not fit the data; (2) the function a must depend on time as f° 
or f*, but we cannot be more specific with the available data. (3) 
With the present data we cannot tell whether the last two or four 
orogeneses are involved in crust formation. The involvement of 
the four last crustal segments in the orogeneses would imply that 
the mixing coefficient is lower than if only two are involved. (4) 
The polynomial coefficient of an old orogeny may possibly 
become more important with time. This could occur if the 
Precambrian orogeny were to follow the centrifugal growing and 
then in modern time the plate tectonics focate the orogeny in 
random way relative to the age of crustal segments. 

Figure 5 shows ena variations with time for a,.., = 0.8 and 
a, -2 = 0.2 and different functions a, Hence with certain condi- 
tions the mixing model is seen to apply and now requires a more 
refined study, especially in the Precambrian. 


Conclusion 

Our model quantitatively fits the isotopic variation with geolo- 
gical age and explains the fact that Pb isotopes are a record of 
continental recycling whereas Sr is more appropriate for mantle 
derivation, Nd being an intermediate tracer. 
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Calculations suggest that if the widespread upper mantle depletion in lithophile elements, as represented by the negative 
correlation between Nd and Sr isotopes in basalts, has resulted from continental crustal extraction, then extraction of 
observed Archaean crustal compositions best explains the Nd-Sr isotope relationship. Much of the lower continental crust 
must, therefore, have the high Nd/Sm and low Rb/ Sr ratios typical of Archaean granulites. 





RECENT developments in neodymium isotope geochemistry’, 
and the combined use of both neodymium and strontium isotope 
data” on mantle-derived igneous rocks, have produced 
information on the Rb/Sr and Sm/Nd history of their mantle 
source regions” ’. Clearly much of the present upper mantle has 
suffered a time-integrated depletion of Rb relative to Sr and of 
Nd relative to Sm. Corresponding evidence on Archaean 
igneous rocks’*'""'* suggests, however, that the Archaean 
mantle had broadly chondritic Sm/Nd ratios. Because the 
continental crust represents a reservoir which is enriched in Rb 
relative to Sr and in Nd relative to Sm and, overall, has higher 
*7Sr/*°Sr and lower '“*°Nd/'**Nd ratios than the mantle, and 
because there is strong isotopic evidence that the crust has 
grown with time since ~4,000 Myr ago’, it is a reasonable 
assumption that extraction of continental crust may have caused 
the observed Rb/Sr and Nd/Sm depletion relative to primordial 
ratios in the present mantle. There is no unambiguous evidence 
that another major high Rb/Sr and high Nd/Sm reservoir exists 
which might complement the generally depleted nature of 
present upper mantle sources. Preliminary attempts have 
therefore been made to assess the effects of crustal extraction’® 
(and crustal contamination’’) on the Sr and Nd isotope syste- 
matics of the upper mantle reservoir. 

Here we examine the crust~mantle isotopic relationship in 
more detail, but with respect to specific Precambrian crustal 
materials rather than quoted ‘average’ crustal compositions. 
This approach is more relevant because (1) the time scale on 
which mantle can be completely recycled is probably of the 
order of several hundred million years, (2) considerable crustal 
growth occurred during the early Precambrian’*"”, (3) the long 
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half lives of Rb and '*’Sm necessitate a long time lapse before 
changes in *’Sr/*°Sr and '**Nd/'**Nd ratios of the magnitude 
observed in the present-day mantle can develop", and (4) there 
are significant differences between Archaean and Phanerozoic 
crustal compositions’? 

The crustal data used in the calculations are based on the 
Archaean Lewisian complex of north-west Scotland, a region 
which contains juxtaposed segments of presumed upper and 
lower crustal orthogneisses”’, the geochemical’? and isotopic 
(Sr, Nd and Pb)'*:*°-*° characteristics of which are relatively well 
known. 


Sr—Nd isotope correlation 
and crustal extraction 


Measured Sr and Nd isotopic ratios in many young basalts 
exhibit a strong negative correlation®® shown by the ‘main 
trend’ (defined by eng = ~2.7 Esr) (ref. 16; see also ve 3) where 
Ena expresses the deviation (in parts per 10*) of '**Nd/'“*Nd 
ratios observed in igneous rocks at present from the ‘*°Nd/'**Nd 
ratio expected in a reservoir which has always had chondritic 
Sm/Nd (ref. 16). es, is defined similarly for °’Sr/*°Sr ratios 
relative to a reservoir with bulk Earth Rb/Sr ratios'®. Thus rocks 
derived from a mantle source which has suffered a time- 
integrated depletion of Rb relative to Sr and Nd relative to Sm 
will plot in the +eng, ~€s, quadrant on the eng-és, diagram. 
Mid-ocean ridge basalts invariably plot in this quadrant, as do 
many ocean island and continental basalts, although these latter 
tend to plot nearer to the bulk Earth composition. Basalts 
derived from mantle sources which seem to have been altered by 
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Fig. 1 Average rare-earth element patterns of the main rock 

types comprising the Lewisian lower crustal granulite complex, 
north-west Scotland (data from refs 12, 20-24, 37). 


more radiogenic seawater Sr (ref. 31), or by continental 
material'’** are displaced from the ‘main trend’. 

The widespread upper mantle depletion in incompatible 
elements represented by the ‘main trend’ must be accom- 
modated i in models of mantle evolution. DePaolo and Wasser- 
burg'’ consider the slope of the ‘main trend’ to be incompatible 
with upper crustal contamination of a uniform mantle reservoir, 
while Allègre et al.” have demonstrated that the mantle main 
trend correlation reflects melt extraction from the mantle rather 
than, for instance, mixing processes involving separate mantle 
reservoirs. In this case the slope of the Sr—-Nd isotope correlation 
constrains the Rb/Sr and Sm/Nd ratios of the material extracted 
provided an assessment can be made of the Sr/Nd ratios of the 
extract and of the initial mantle source’. By assuming that the 
continental crust is the complement to the ‘ main trend’ mantle 
depletion, and by noting that there was only very limited varia- 
tion in the Sm/Nd and Sr/Nd ratios of the various published 
estimates of ‘average’ upper crust and total crust composition, 
DePaolo’® was able to use the Sr-Nd isotope correlation to 
calculate the mean Rb/Sr ratio of the continental crust as lying 
within the range 0.044~0.10. As upper crustal compositions are 
quite well defined*’, it is the composition of the lower crust 
which is crucial in constraining models for the generation of the 
continental crust. 


Crustal compositions 


The Lewisian granulite facies gneiss complex is a prime candi- 
date for Archaean lower crust, having the appropriate seismic 
characteristics**** and having equilibrated in temperature- 
pressure conditions as high as 1,000 °C and 15 kbar (ref. 36), 
corresponding to depths of the order of 45 km. Nd isotope 
studies'” have demonstrated that the immediate igneous pre- 
cursors of these gneisses were generated from a mantle source 
with chondritic Sm/Nd ratios 2,920 Myr ago. 

The complex is a heterogeneous mixture of ultramafic, mafic, 
intermediate, tonalitic and trondhjemitic gneisses, but tonalitic~ 
trondhjemitic compositions dominate. Average rare-earth 
element (REE) patterns?” for the main rock types are shown in 
Fig. 1. The tonalitic and trondhjemite patterns in particular are 
highly fractionated, with high Cex/Yby ratios (and Nd/Sm 
ratios) owing to the strong depletion in the heavy REE caused by 
residual garnet in the source during the partial melting event 
which produced the gneiss precursors’*”’. Using these REE 
data plus previously published results for La, Ce, and Y (deter- 
mined by X-ray fluorescence) on several hundred granulite 





samples’’, it is possible to calculate a weighted mean REE 
pattern for Lewisian lower crustal granulites (Fig. 2). Because of 
their. very high Nd/Sm ratios and age, the Lewisian granulites 
are markedly unradiogenic with respect te Nd isotope ratios’* in 
comparison with the bulk Earth. The granulites are also high in 
Sr, but are unusually low in Rb and cther radioactive heat 
producing elements (K, U, Th) largely as a result of the removal 
of these elements by an active fluid phase during the granulite 
facies event’***. Thus their Rb/Sr ratios are unusually low, and 
indeed the present day Sr’ 6Sr ratios of many granulites are 
below typical mantle values” 

The amphibolite-facies gneiss sections of the Lewisian 
complex have a much smaller component of ultramafic, mafic 
and intermediate gneisses, and their mean major- and trace- 
element compositions are essentially identical to the tonalitic~ 
trondhjemitic components of the gramulite facies complex 
except that they have much higher Rb contents and Rb/Sr 
ratios, Although full representative REE data are not yet avail- 
able for these gneisses, comprehensive X-ray fluorescence data 
for La, Ce and Y (refs 20-24), and limited data for Sm and Nd 
(ref. 12), allow a fairly accurate estimation of their Sm/Nd 
ratios, which must be close to the values for the tonalitic- 
trondhjemitic granulites. From their tectonic and metamorphic 
state we would regard these gneisses as being more represen- 
tative of an intermediate crustal level rather than upper crust. 

For comparison with these compositions we have also used 
the mean ‘upper crust’ composition and, the corresponding 
‘lower crust’ composition derived by Tayior’* on the basis of the 





Table 1 Continental crust compositions” 
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Andesite model Archaean 

UC TC LC Lior LAm 
SiO, 66:0 58-0 54-0 61-2 67-3 
TiO, 0-6 0:8 GG 0-5 0-3 
Al,O,; 16-0 18-6 19-€ 15-6 15-9 
FeOQ* 4-5 75 Yi §-3 3-4 
MgO 2:3 3-5 4+} 3-4 1-2 
CaO 3-5 75 9.5 S6 Zag 
NaO 3-8 3-5 3:4 4-4 46 
K-O 3:3 1-5 0-€ 1-0 2:2 
Cr 35 55 65 88 27 
Ni 15 20 23 58 16 
Zr 240 100 30 202 199 
Rb 110 50 20 12 62 
Sr 350 400 425 569 54] 
Ba 700 350 175 737 838 
Pb 15 fi a 13 j 
Th 10-5 2-5 mae 0-42 9 
U 2°5 1 0-25 0-05 ins 
La 38 19 PE 22 29 
Ce 80 38 17 44 64 
Pr 8-9 4:3 2:0 mene dami 
Nd 32 16 8 18-5 (25) 
Sm 5:6 3-7 2:75 3-3 (4-3) 
Eu 1-1 Ll | 118 _ 
Gd 4-7 4-2 3-95 ~— m- 
Tb 0:77 0-64 0-38 43 s 
Dy 4-4 3-9 3°35 a ae 
Ho 1-0 0-82 073 mm ae 
Er 2-9 23 2:29 — we 
Tm 0-5 0-4 0-35 19 me 
Yb 2°8 2-2 19 1-2 mee 
Lu 0:4 0-3 025 0-17 p 
Y 27 pap 20 9 9 


UC, TC, and LC are upper crust, total crust and (calculated) lower 
crust compositions respectively, based on andesite model for crustal 
growth’. LGr is mean composition of Lewisian granulites (= Archaean 
lower crust); LAm is mean composition of amphijolite-facies gneisses 
from Scotland and Greenland (= Archaean intermediate crustal level). 
Figures in brackets are interpolated values. 

* Oxides in wt%, trace elements in p.p.m. 
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Fig. 2 Mean rare-earth element patterns of crustal components. 

UC, TC and LC are average upper crust, total crust and teal- 

culated) lower crust compositions based on the andesite model for 

crustal growth’*. LGr is mean rare-earth pattern for Lewisian 

lower crustal granulites (based on Fig. 1 plus data in refs 12, 20-24, 

37). LAm, mean rare-earth pattern for Lewisian amphibolite- 
facies gneisses (based on data in refs 12, 20, 22, 38). 


andesite model for crustal growth. Relevant data for these 
compositions and for the Lewisian granulite and amphibolite 
facies gneisses are given in Table 1, and the corresponding REE 
patterns are plotted on Fig. 2. 


Results 


The modelling of exg~és, (Fig. 3) follows the method used by 
DePaolo"’, except that the data in Table 1 are used to derive 
vectors on the exu~és, diagram for residual mantle compositions 
after extracting the various crustal components. Clearly a valid 
model should yield mantle vectors for the extraction of upper 
crust and lower crust which embrace the mantle ‘main trend’. 
The vectors calculated are very dependent on the Sr/Nd ratio of 
mantle +crust, and less dependent on the parameter X. (the 
fraction of Nd atoms in the crust+depleted-mantle system 
residing in the crust'°). The values used here for the Sr/Nd ratio 
of mantle + crust and X, are those of DePaolo'®. Where upper 
crust and lower crust compositions have been treated separately 
the X. factor has been adjusted accordingly. The method for 
calculating the vectors is given in Table 2 (see also ref. 16). 
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The slopes of the vectors for crust and mantle compositions 
plotted on Fig. 3 are directly proportional to the factors R; in 
Table 2. The vectors for depleted mantle compositions in Fig. 3, 
derived respectively from the given crustal compositions, illus- 
trate several interesting features. That resulting from the 
extraction of Lewisian granulites has a very steep trend. This 
arises because the mean Rb/Sr ratio of Lewisian granulites 
(0.021) is actually slightly lower than that estimated for the 
uniform mantle reservoir (0.029, ref. 16), hence resulting in 
little fractionation of es, in the residual mantle. Lewisian 
amphibolite facies gneisses, although having a rather higher 
mean Nd/Sm ratio than the granulites, have a much higher mean 
Rb/Sr ratio (0.13, Table 1) resulting in a much shallower slope 
of the residual vector. i 

The average upper crust composition of Taylor™ has a similar 
Nd/Sm ratio to that of Lewisian gneisses, but has a high Rb/Sr 
ratio (0.31, Table 1), thus the corresponding residual mantle 
vector has a shallower slope than the mantle ‘main trend’ on Fig. 
3. The calculated lower crust composition based on the andesite 
model actually plots in the +E£na, +Es, quadrant, and the cor- 
responding residual mantle vector has an even shallower slope 
than that produced by extraction of average upper crust. The 
andesitic lower crust, in fact, has a calculated Nd/Sm ratio less 
than chondritic, although the calculated full rare-earth pattern is 
slightly light- REE enriched (Fig. 2). However, if the upper crust 
was taken to be 30% of the total crust (rather than 33%), the 
calculated lower crust would then have a chondritic Sm/Nd 
ratio. 

Figure 3 shows that extraction of an andesite bulk crust™* from 
a mantle with chondritic Sr/Nd ratios could not produce the 
mantle ‘main trend’. Because the vectors for the average upper 
crust of Taylor** and for the amphibolite facies Lewisian are 
similar, the determining factor in whether crustal extraction can 
reproduce the mantle Sr—-Nd isotope trend is the nature of the 
lower crustal component. Apparently, the lower crust 
component in any crustal model is required to have a moderately 
high Nd/Sm ratio together with a very low Rb/Sr ratio—a 
chemical characteristic typical of Lewisian granulites. Extrac- 
tion of continental crust with this composition as a component is 
compatible with a simple model for the generation of the mantle 
isotope correlation. 

An independent test of mean crustal compositions can be 
made using the composition of the source of mid-ocean ridge 
basaits (MORB), assuming this to be the mantle residue 
complementary to the crustal extract. Thus if the Sr/Nd ratio of 
the MORB source can be defined it is possible to estimate the 
slope, on the eng-és, diagram, of the required crystal extract. 
Using the data of Sun and Nesbitt*’ for average MORB, 
together with reasonable assumptions of the residual mantle 
mineralogy, the degree of melting necessary to generate MORB 





Table 2 Compositions of crustal components and calculated parameters used in enyg-es, modelling 
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Rb Sr Nd Sm Rb/Sr Ndx/Smy Sr/Nd  fross*  fsmna® (Rò (Ream! 
Upper crust”” 110 350 32 56 0.31 1.82 10.9 9.8 -0.45 -0.046 ~0.093 
Total crust*? 50 400 16 3.7 0.13 1.37 25.0 3.3 -0.28  ~-0.082 ~-0.038 
Lower crust 20 425 8 2015 0.047 0.92 53.1 0.62 -0,086 0.14 0.029 
Lewisian amphibolite-facies gneiss§ 74 580 25 4.1 0.13 1.92 PA B 3.4 -0.48 ~0.14 -0.102 
Lewisian granulite-facies gneiss§ 12 570 19 3.3 0.021 1.82 30.0 -0.27 ~O.45 1.67 0.78 
Chondrite values 2.5 il 0.60 0.19 0.23 1.00 18.3 6.8 0.0 m — 
(Rb/Sr) (Sm/Nd) . _ fsm/na 
© Fess =- — | and fg = — l, (Rh = = 
Rb/St = 99 fsm/Nd 0317 (Ril E 
+ {Riam (dm, depleted mantle) calculated from (see ref. 16): 
(Sr/Nd). o (Sr/Nd)am 
Le = ae where (Sr/Nd)am derived from X,-- i sat l= A iG =] 
(Riam (Sr/Nd)am (Sr/Ndjen (Sr/ Nden 


X.=0.5 and 


(Sr/ Nder = 18.3 


, > , . 
+ Lower crust calculated from data in ref. 33 assuming upper crust and lower crust respectively one-third and two-thirds of total crust. 
§ Mean Sm and Nd values calculated from data in refs 20 and 37, weighted by rock type. Note, amplibolite facies average is different to that 


of Table 1. 
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and utilizing published partition coefficient data for Rb, Sr, Nd 
and Sm (ref. 42), the composition of the MORB source can be 
calculated (Table 3). The R, value for this source (Table 3), 
defining the slope on the sxq-eg, diagram, is in excellent 
agreement with the value of —0.25 obtained for the mantle 
‘main trend’. Altering the degree of partial melting required to 
generate MORB has little effect on the relevant element ratios 
(Table 3). Having obtained a value of fsana for the MORB 
source it is also possible to calculate the present-day isotopic 
composition of this source, assuming the present Sm/Nd ratio 
has been maintained since time ft. For an age of 2,500 Myr the 
present day MORB source would have ex,=10.7 and 8g = 
—30, values similar to those observed in recent basalts***. This 
is at least consistent with the argument that Archaean crustal 
extraction may have been responsible for the widespread 
‘depletion of upper mantle sources. 





40 -30 -20 -10 0 
Esr 


Fig. 3 Vectors showing the effect that extraction of different 
crustal components (Table 1, Fig 2) would have on the Sr and Nd 
isotope composition of residual mantle which initially had bulk 
‘Earth Rb/Sr and Sm/Nd ratios and chondrite Sr/Nd ratos. 
—., Vectors for the crustal components themselves; -——-, 
corresponding residual mantle vectors shown as dashed lines; —-, 
the calculated crustal vector corresponding to the mantle source for 
typical mid-ocean ridge basalt. 


The calculated complementary crustal component to this 


MORB mantle reservoir is detailed in Table 3 and defines a high 
(negative) slope vector on the sna-8s, diagram (Fig. 3), which 
lies between the crustal vectors corresponding to Lewisian 
granulite and amphibolite facies gneisses. The trend of this 
vector reinforces the conclusion that a lower crust component 
with a composition similar to that of Lewisian granulites is 
necessary for reasonable models of crustal growth. Note that the 


present Rb/Sr ratios of Lewisian granulites are not primary 


values, but have been lowered by Rb removal during the granu- 
lite-facies event, while the Lewisian amphibolite-facies gneisses 
may have suffered some corresponding Rb-addition (as is also 
implied by the Sr isotope data, ref. 12). Correcting for these 
effects would move both Lewisian crustal vectors closer to that 
corresponding to the MORB source. 

Nevertheless, even accepting a higher bulk crustal Nd/Sm 
ratio than that of average andesite, it does seem that the bulk 
crust must have a fairly low mean Rb/Sr ratio, as concluded by 
DePaolo’’, Using the R, value for the bulk crust complement to 
the MORB source (Table 3) and a likely value of fsm/na for the 
bulk crust (about —0.45, Table 2) yields an freys value of ~1 for 
the bulk crust, corresponding to a mean Rb/Sr ratio of 0.07. 
This value is low in relation to typical upper crustal values and 
must imply that a substantial proportion of the deeper 
continental crust has very low Rb/Sr ratios similar to those in 
Lewisian granulites. 
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Table 3 Calculated composition of MORB source and corresponding 


modelling parameters 
Average* MORSB sourcet 

MORB F=0.10 F=0.15 F=0.20 
Rb 1.0 0.10 015 0.20 
Sr 124 13.0 19.2 25.3 
Nd 7.7 0.86 1.24 1.62 
Sm 2.8 0.32 0.46 0.60 
Sr/Nd 16.1 15.1 15.5 15.5 
ae es -0.744 -0.73  -0.73 
fanned — 0.17 0.17 0.17 
Ri i — —0.24 —0.23 —0 23 
Eng (2,500 Myr) — 10.7§ 10.7 10.7 
Eg: (2,500 Myr) — —30.5 —30.1 —30.1 





* Average MORB from ref. 41. 

+MORB mantle source compositions calculated assuming residual 
mineralogy: 01 70, Opx 25, Cpx 5 and using partition coefficient data 
from ref. 42 and the equation: 


Coac ™ CuoralD(1- F) F] 


where D = bulk distribution coefficient and F = fraction melted. 
$ sna and eg, calculated from the relationship 


ena(0)~ 24.7 fana’ T and sg(0)~16.5 fuer: T 


Conclusions 


The present modelling suggests that the Sr—Nd isotope cor- 
relation in the present upper mantle reservoir can be explained 
by extracting observed crustal compositions. However, crustal 
estimates based on Lewisian type crustal components seem to be 
more compatible with the isotopic constraints than crustal 
compositions based on the andesite model for crustal growth. 
Thus Archaean crust may, to a first approximation, complement 
the lithophile element depletion observed in modem MORB 
mantle sources. There are other interesting implications: 
(1) Quoted ‘average’ upper crustal compositions are unlikely to 
be representative of the whole crust. 
(2) The Precambrian crust, and particularly the lower crust, 
must have significantly higher Nd/Sm (and hence higher 
Ce,/Ybxy) ratios than suggested by the andesite model for 
crustal 
(3) The higher Cen/ Yby ratios implied for (and the heavy REE 
depletion observed in) many Archaean crustal rocks suggest a 
role for eclogite in Archaean crustal generation processes. 
Because the residues of crustal extraction need to be recycled 
into the mantle to generate the Sr—Nd isotope correlation, this 
suggests that some form of subduction may have operated in the 
Archaean. 
(4) The requirement for high Cen/ Yby ratios in the lower crust 
is not compatible with a lower crust dominated by the residues of 
partial melting or the cumulates from fractional crystallization. 
(5) Even allowing for higher Cen/Ybw ratios in the bulk 
Archaean crust, it is apparent that a substantial proportion of 
the deeper continental crust must have a very low Rb/Sr ratio. 
This may have arisen through transfer of Rb and other radioac- 
tive heat-producing elements (U, Th, K) from the deeper crust 
to the upper crust during the Precambrian. A consequence is 
that the Precambrian lower crust may constitute a substantial 
reservoir which is unradiogenic with respect to Pb Isotope ratios 
as well as to Sr and Nd isotope ratios“. 
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The crystal structure of Escherichia coli tRNA; an initiator transfer RNA, has been determined. While grossly similar to 
that of the chain-elongating yeast tRNA*™, there are three major differences. One involves the folding of the anticodon 
loop; in particular, the position of the constant uridine, U33. This difference was unexpected and may be of functional 


significance. 





ALL organisms use a specialized transfer RNA molecule, 
tRNA?" to initiate protein synthesis. These tRNAs are dis- 
tinguished from chain-elongating tRNAs in several ways, per- 
haps the most important of which is that the aminoacylated 
initiator tRNA goes directly into the ribosomal P site while all 
other aminoacylated tRNAs go initially to the ribosomal A site 
and only later in protein synthesis translocate to the P site'. 
Despite significant differences in their nucleotide sequences, 
prokaryotic and eukaryotic initiator tRNAs are readily inter- 
changeable in in vitro protein synthetic systems and thus form a 
single functional class. To understand the nature of the dis- 
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tinction between initiator and chain-elongating tRNAs, it is of 
value to compare the three-dimensional structure of an initiator 
tRNA with the known structure of the chain-elongating tRNA, 
yeast tRNA" (refs 1-3). Here we report an X-ray diffraction 
analysis of the Eschericia coli tRNA}*. We have crystallized 
this molecule in a form which diffracts to a resolution of 2.8 A. 
The current analysis is based on data to 3.5 A. The general shape 
of the molecule is similar to that of yeast tRNA™, which has 
also been reported for yeast tRNA™M™ (ref. 4). One of the 
differences from yeast tRNA™ is in the anticodon loop and 
that may be functionally significant in view of recent solution 
studies’. 
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Crystallization and structure solution | 


E. coli tRNA“ was prepared as described by Roe et al.°, and 
Anandaraj and Roe’. The tRNA is crystallized in an ortho- 
rhombic lattice by vapour diffusion of 1-2% isopropanol into a 
solution containing 10 mM MgCl, 50 mM (NH4)2SO., 8 mM 
spermine and 2mMBaCl, (ref. 8). Data to 3.5A (4,400 
reflections) have been collected. Over 65% of the data in the 
shell 3.50-3.55 A. (217 reflections) diffract with an intensity 
significantly above background. Oligonucleotide binding, 
chemical modification, and NMR studies?’ all suggest that no 
major conformational differences exist between yeast tRNA’ 
and E. coli tRNA". In particular, no differences are found in 
the accessibility of nucleotides in E. coli tRNA", correspond- 
ing to those involved in tertiary interactions in yeast tRNA™™, 
implying that the gross conformation of the two molecules is 
very similar. Consequently, the method of rotation and trans- 
lation function searches was used to locate the initiator tRNA in 
its unit cell''. The search model was the known crystal structure 
of the yeast tRNA*™. 

The result of the searches was a unique position of the yeast 
tRNA?** search model in the E. coli tRNA unit cell which 
formed a lattice without interpenetration of adjacent molecules. 
The initial model was formed by substituting the E. coli 
tRNA™* base sequence into the yeast tRNA*™ search model in 
such a way as to leave the conformation of the ribose—phosphate 
backbone intact. E. coli tRNA?" contains one residue more in 
the variable a region of the D loop than yeast tRNA™ (see Fig. 
1). The extra residue, C17, was not included in the initial model, 
nor was the 3’ terminal adenosine 76. The agreement between a 
molecular model and the observed diffraction data is measured 
by the residual function R, defined as R =} || Fo] —| F- /È | Fol 
where F, and F, are the observed and calculated structure 
factors’? which varies inversely with the agreement between 
model and data. The R value for the initial model was 0.44 at 
6A, which compares favourably with residuals for protein 
models obtained using rotation-translation function search 
methods'*’*, as well as those obtained using multiple iso- 
morphous replacement methods'*. A complete description of 
the search procedure used is given in ref. 11. 

Although the R for the initial model was encouraging and 
indicated that the hypothesis of gross similarity in conformation 
of E. coli tRNA™* and yeast tRNA*™* was correct, it also 
indicated that the model was far from perfect. This was further 
reflected by the R at 3.5 A, which was 0.52. To determine if the 
disagreement was localized to some specific parts of the model, 
Fourier maps based on the initial model were calculated. At 
3.5 Å resolution, both the difference Fourier, Fy—F., and the 
sum function Fourier, 2F,—F., showed that in most regions 
there was good agreement between the observed data and 
model but in some, the model was clearly wrong. These latter 
regions included the acceptor terminus, the D loop, and the 
anticodon loop. Fourier maps were also calculated from partial 
models in which those regions most at variance with the obser- 
ved data were omitted; these included the entire anticodon loop, 
the entire D loop, the acceptor end. In both the F,—F, and 
2F,—F,. maps calculated using the partial models, chains of 
continuous electron density were seen which could account for 
the omitted portion of the model. Thus the phasing from the 
remainder of the model was sufficiently accurate to fix the 
positions of the omitted portions. 

The initial model was rebuilt using the University of North 
Carolina molecular graphics facility. Electron density maps 
(F,—-F. and 2F,— F.) based on the complete model as well as 
those based on partial models were used to guide the fitting. The 
entire molecule was fitted to density and residue C17 inserted. 
The refit model was idealized using a restrained least-squares 
procedure’*. The idealization involved both local geometry 
(bond angles and lengths) and hydrogen-bonding geometry of 
residues in the four stem regions. No attempt was made to 
preserve interactions between residues corresponding to those 
involved in tertiary bonding in yeast tRNA*™ (refs 1-9). Limited 
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E.colitRNA¥* : Orthorhombic lattice 
1/4 Y 





Yeast tRNAP he , Orthorhombic lattice 





ISIA 
Fig.2 Crystal packing diagrams of the E. colt tRNA; and yeast 
tRNA'*. The two packing diagrams are shown for comparative 
purposes. The diagrams show the projection of the molecular 
packing in the bc place. Molecules which lie above are drawn in 
heavier lines than those below. Crystal symmetry elements are 
indicated. The empty regions are solvent chaanels which in both 
crystals extend through the crystal along the a axis. direction. 
The intermolecular contacts in the two crystais can be seen to be 
totally distinct. The E. coli tRNA; crystals belong to the ortho- 
rhombic space group C222,, with cell dimensions a = 32, b = 85, 
and c = 240 A. 


refinement of the idealized mode! has been refined together (for 
example, the anticodon loop and stem, the D and T loops). No 
refinement of the complete molecule at one time has been done. 
An isotropic temperature factor of 40 A has been assigned to the 
molecule and has not been refined. The current residual at 3.5 A 
is 0.35. A fuller description will be given elsewhere (manuscript 
in preparation). 

The lattice of E. coli tRNA is shown in Fig. 2 with, for 
comparison, the orthorhombic lattice of yeast tRNA™. Long 
solvent channels extend through the crystal along the a axis 
direction in both lattices. The lattice contacts in the initiator 
tRNA crystal include interactions between the T stems of 
twofold related molecules, between the aceeptor terminus of 
one molecule with the T and D loops of a C-centred related one, 
and between the anticodon loops of twofold related molecules. 
These interactions are all distinct from those seen in either the 
orthorhombic or monoclinic lattices of the yeast tRNA™ (refs 
16, 17). Hence, any similarity in the overall shape of the E. coli 
initiator tRNA and the yeast tRNA*™ cannot be attributed to 
crystal lattice forces. 


The form of the molecule 

Figure 3 shows side views of both E. coli tRNA" and yeast 
tRNA’. The two molecules are broadly sirnilar in shape, the 
most striking difference being found in the acceptor ends. In the 
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initiator tRNA, the last five nucleotides at the 3’ terminus curl 
back toward the acceptor end, rather than continuing the helical 
organization of the acceptor stem, as in yeast tRNA’. This 
difference in the acceptor ends of the two molecules may arise 
from the fact that the E. coli initiator tRNA, as most other 
prokaryotic initiator tRNAs, has an unpaired set of bases at the 
end of its acceptor stem (Fig. 1). 

Several sections of the 3.5 A electron density map based on 
the current model are presented in Fig. 4. The sum function 
Fourier map, 2F, — F, is shown to allow assessment of both the 
quality of the fit and the noise level of the map. The phosphate- 
ribose backbone is found in strong electron density, as are 
virtually all of the bases. A few bases do not lie entirely in 
density, which indicates that their position will probably shift 
slightly with further refinement. The low density peaks found in 
solvent regions indicate the noise level of the maps. No solvent 
has been included in the current model. Figure 4a shows a 
portion of the map including the 5’ side of the anticodon loop 
(see Fig. 4e). The position of uracil 33 differs in the initiator 
tRNA from that in yeast tRNA™" and will be discussed below. 
All of residue 33: phosphate, ribose, and base, lies in strong 
density. Figure 4b shows portions of the D stem and loop and the 
T loop. The D loop of the initiator tRNA was fitted using maps 
based on partial models to insert the extra residue in the a 
region. The base of residue 16 in the a region can be seen to lie 
in strong density, as do the bases of the D stem seen between 
phosphate 15 and ribose 23. The acceptor stem density is shown 
in Fig. 4c. The present model includes P76, the terminal phos- 
phate, but not adenosine 76. The strong peak of density to the 
upper right of P76 is probably occupied by the ribose and the 
elongated extension may be the position of adenine 76. The 
strong density to the left of P76 is occupied by phosphates 
73-75, which are part of the curled portion of the acceptor 
terminus (see Fig. 3). Figure 4d shows the anticodon arm at the 
point where the anticodon stem and D stem join to form one 
helix. At the left is a large region with a number of small peaks, 
which corresponds to the long solvent channel seen in Fig. 2. 
Figure 4f shows the D loop, T stem and acceptor stem. The 
generally good fit of the helix can be seen. Note the density 
corresponding to phosphate 73 which begins the curl seen in the 
acceptor terminus. 

Figure 5 has stereo side and end views of E. coli tRNA, and 
for comparison, yeast tRNA*™. In the side view of the initiator 
tRNA (Fig. 5a), one can see four of the five unpaired residues at 


the 3’ end (A76 is not yet in the model). Residue 72 is base- 


paired to residue Yin chain-elongating tRNAs and eukaryotic 
initiators'’; here it is rotated away from the base-pairing plane. 
The plane of adenine 72 is almost perpendicular to that of C1, 
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Fig. 3 A comparison of the structure of 
a, E. coli tRNA" and b, yeast RNAP", 
Skeletal diagrams of the two molecules 
are shown. The continuous phosphate- 
ribose backbone has been drawn in 
heavier lines and shading has been used to 
facilitate tracing of the chain. The two 
molecules are seen in the fully extended L 
shape. The acceptor termini of both 
molecules are located at the upper right 
end of the L’s and the anticodon loops at 
the bottom. 


and is in a curved stacking array with bases 73, 74, and 75. The 3’ 
terminus in this tRNA curves over the minor groove of the 
acceptor helix, bringing phosphate 76 close to phosphates 3 and 
4 of the opposite strand. The significance of this conformation is 
not clear. Schulman et al.'* have shown that modification of C1 
to U1, with the resulting formation of a normal Watson—Crick 
base pair with A72, does not interfere with initiator function, 
but does enhance the ability of the initiator tRNA to bind to E. 
coli elongation factor, Ef-Tu. The curved stacking array of bases 
72 through 75 appears to be stable in the crystal. It would be of 
interest to determine its stability in solution. 

Although eukaryotic initiators differ from other tRNAs in 
the T loop, prokaryotic initiators differ in this loop only in the 
presence of A57 rather than the more common G57!". The 
major difference seen here in the initiator tRNA structure 
compared to yeast tRNA™" is the position of residue $7. A57 in 
the initiator tRNA is intercalated between G18 and G19 of the 
D loop, as is G57 in yeast tRNA’"*, but is not drawn in as far as 
the backbone of the D loop (compare Fig. 5a and c). The 
position of G57 in yeast tRNA™" may be stabilized by the 
hydrogen bonds formed between N2 of G57 and riboses 18 and 
19 (refs 19, 20). Such stabilizing forces are not possible when 
adenine is substituted for guanine, which may account for the 
differences. The current model of the initiator tRNA has not 
been constrained to include any tertiary interactions. The only 
constraints imposed have been on residues involved in the 
hydrogen-bonded stem regions. Most of the base positions in the 
current initiator tRNA model have been shifted from their 
original positions in the initial model by the refitting process. 
Tertiary interactionscannot be identified with certainty at the 
resolution of this report. However, they can be tentatively 
identified by the relative geometry and proximity of the bases. 
For example, 06 of G9 appears to be within hydrogen-bonding 
distance of the amino group of C12, an interaction which may be 
similar to that in yeast tRNA™ between A9 and A23. Most of 
the tertiary interactions seen in yeast tRNA’ appear also to 
exist in E. coli initiator tRNA. The precise identification of these 
interactions as well as the identification of the interactions of 
magnesium ions and spermine must, however, await the higher 
resolution analysis. 

The major differences between the two structures are found 
outside the core region of the molecule. There are two 
significant sequence differences between E, coli tRNA“ and 
yeast tRNA?** (Fig. 1). The first is found at the end of the 
acceptor stem and may give rise to the difference in con- 
formation of the 3' OH end of the two molecules described 
earlier. The second is the size of the a region of the D loop. This 
region of the initiator structure was fit using Fourier maps based 
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on a model in which the entire D loop was omitted. The a region 
residues are shown shaded in Fig. 5a, c. In the initiator tRNAs 
these residues are associated with strong density (see Fig. 4c) 
and appear to be more rigidly fixed than the two a residues in 
yeast tRNA’, D16 and D17 in yeast tRNA*™ point away from 
each other, while the three a bases in the initiator tRNA are 
close together, with C17 and U17a stacked upon each other 
(Fig. 55). Although the a region in this initiator tRNA is one 
residue larger than that of yeast tRNA*™, it does not project 
further from the body of the molecule than the a region of yeast 
tRNA?" (Fig. 5b, d). Instead, the D loop accommmodates the 
extra residue by folding toward the body of the molecule, giving 
rise to a more tightly organized loop than in yeast tRNA*™. 
This may explain why tRNAs have a maximum of three 
nucleotides in the a region’**: there is simply not enough 
room for an internally directed segment to accommodate a 
fourth nucleotide without encroaching on the body of the 
molecule. E 

The anticodon loops of E. coli tRNAf* and yeast tRNA‘ 
are superficially similar in that the anticodon bases have roughly 
similar stacking (Figs 3 and 5a, b). However, an important 
difference lies in the orientation of the conserved residue U33 
which is 5’ to the anticodon. In yeast tRNA®™ , U33 folds into the 
anticodon loop and forms a hydrogen bond between N3 of U33 





















mame 


and phosphate 36 (refs 19, 20). U33 in E. coli tRNA" has an 
almost opposite orientation; it is thrust away from the anticodon 
loop into the solvent region. An intermolecular lattice inter- 
action involving uracil 33 may help stabilize its orientation, 
however, its identification is still tentative. The effect of this 
difference in U33 orientation on the anticodon loop folding in 
the two molecules can be seen in Fig. 5b, d. loop im yeast 
tRNA?"* is symmetrical while the loop of E. coli (RNA;*" is 
skewed, so that the anticodon bases are ind it positions 
relative to the anticodon stem in the two molecules. The orien- 
tation of residue 33 in the initiator tRNA involves a position of 
the ribose so that the 2’ hydroxyl of ribose 23 could perhaps form 
a hydrogen bond with phosphate 36. Phosphate 36 is also in a 
slightly different position than in yeast t(RNA*™, being closer to 
the backbone of the 5’ side of the anticodon loop. Residues 34 
and 35 are forced off to one side, producing the skewed shape of 
the loop. The shape of the anticodon loop may thus be deter- 
mined by the group hydrogen bonding to phosphate 36: one 
conformation of the loop is found if the hydrogen-bonding 
group is ribose 33 and another if it is uracil 33. The two 
conformations show a marked difference in the position of 
phosphate 35 which in the initiator tRNA extends away from the 
anticodon loop in contrast to its more preximal position in the 
yeast tRNA’, 
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Fig. 4 Five different sections of the sum function Fourier map, 2Fo ~ F., are shown. Each section is the superposition of seven sections with a 
total thickness of 8 Å. In e, a schematic diagram is given which includes a plot of the phosphorous atoms in the backbone. The molecule is shown 
in the orientation of Fig. 2. The shaded bars indicate the regions of the molecule seen in the correspondingly labelled density section. The bars are 


all 8 A wide and extend over 50A 


in the direction perpendicular to the page. The scale of this schematic is not the same as that of the density 


sections. In a-d and f, one-and-a-half unit cells are shown in the a direction. The horizontal lines are drawn at x = 0, 3, end 1. The distance 

between each pair of lines is therefore 16 A. In b and c, the vertical line is drawn at z = 1/2, and in d and f, at y = 1/2. In all sections the model has 

been drawn in addition to the contours of electron density. The principal molecule is drawn in heavy lines, symmetry-related molecules in light 

lines. The contouring begins at 0.275 e Å ~? with intervals of 0.300 e Å’. In indicating various parts of the molecule, we have used P for 
phosphate, R for ribose, and A, G, C, U for bases. 
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Fig. 5 Stereo diagrams of E. coli tRNA™* a, 5). and yeast 

tRNA?" (c, d). a and c show side views of the two molecules and b 

and d views looking down the acceptor helix. In a, residues C1, 

A72, C16, C17, Ulla, and U33 are shaded. Only residue U33 is 

shaded in b and d. In c, residues G1, C72, D16, D17, and U33 

are shaded. The. backbone of each molecule is emphasized with 
ae > heavy lines. 





Two different kinds of molecules 


The structure presented here is based on data to 3.5 A resolu- 


tion and has been partially refined to a residual of 0.35. We have © 


been able to interpret the structure at this resolution in more 
detail than might be expected because we have interpreted it 
comparatively with the refined 2.5 A structure of the yeast 
tRNA?**. There are three regions in which the structure of the E. 
coli tRNA™* differs substantially from that of yeast tRNA*™. 
The first is the 3’ end of the molecule. The conformation 
observed in the initiator tRNA demonstrates the flexibility of 
this end of tRNA molecules which is consistent with its biologi- 
cal role: the transfer of the nascent polypeptide chain from one 
tRNA to the next'*’. The second difference is found in the a 
region of the D loop. The initiator tRNA accomodates its larger 
a region not by exte ding i it further into solvent, but by drawing 
it closer to the bod 
structure than seen in yeast tRNA. The third difference 
concerns the conformation of the anticodon arm. In their 4.5 

analysis of yeast tRNA, Shevitz ef al. found an overall 
similarity in the shape of the yeast initiator tRNA to that of yeast 
tRNA?"*, with a difference existing in the anticodon arm’, It will 
be of interest to compare the structures of the E. coli and yeast 
initiator tRNAs once the details of the latter are available. A 
recent biochemical study has implicated the anticodon loop 
conformation in distinguishing initiator tRNAs from chain 
elongation tRNAs by their endonuclease cleavage patterns’. In 
the present study, the major difference in the anticodon region 














concerns itself with the orientation of uridine 33. In E. coli 
tRNA™* the base projects away from the loop while in yeast - 


tRNA, it points into the loop’””°. The effect of the different 
orientation is a position of ribose 33 which appears to allow the 
formation of a hydrogen bond between O? of the ribose with 
phosphate 36. It is important to emphasize, however, that the 
identity of this hydrogen bond, as of all the tertiary hydrogen 
bonds discussed above, is tentative until the higher resolution 
analysis is complete. Phosphate 36 is drawn toward the centre of 
the loop while phosphate 35 is forced away from the centre, 
giving rise to the skewed appearance of the loop (Fig. 5b) in 
contrast to that of yeast tRNA™ (Fig. 5d). The two loop 
conformations lead to a slightly different stacking arrangement 
of the anticodon bases. Although the position of uracil 33 in E. 
coli tRNA" may be stabilized by a lattice interaction, it is not 
likely that the loop conformation is entirely determined by this 
interaction. 

The difference in the anticodon loop conformation was not 
anticipated from either the nucleotide sequence or the results of 
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Insertion of the eukaryotic transposable element 
Ty1 creates a 5-base pair duplication 
Philip J. Farabaugh & Gerald R. Fink 


Section of Biochemistry, Molecular and Cell Biology, Cornell University, Ithaca, New York 14853 





Jett eterna emsmamemnl YA arate nant aannnanaan nrnna 


The his4-912 mutation results from insertion of a transposable element into the 5'-non-coding region of the his4 gene of 
yeast. A duplication of 5 base pairs of wild-type his4 DNA flanks the inserted element. The major class of His” revertants 
result from excision of most of the transposable element, leaving an inserted segment of 334 base pairs flanked by the 5-base 


pair repeats. 





TRANSPOSABLE genetic elements in bacteria are capable of 
transposition to new sites and promoting chromosomal rear- 
rangements including deletions, inversions and fusions'*, The 
existence of eukaryotic transposable elements has been sugges- 
ted on genetic and biochemical grounds. In maize, the genetic 
‘controlling elements’ are capable of transposition to new sites 
and of catalysing gross rearrangements of the genome’. Re- 
iterated DNA elements which have the same structure as a 
bacterial transposon have been isolated from Drosophila* and 
the yeast Saccharomyces cerevisiae’. The location of these ele- 
ments varies between strains. The genetic properties of maize 
controlling elements and the biochemical properties of the 
Drosophila and yeast elements suggest that transposable ele- 
ments similar to those found in prokaryotes exist in eukaryotes. 
In mo case has an unstable mutation been shown biochemically 
to be the result of the insertion of a transposable element. 

The his4-912 mutation is due to the insertion of a transpos- 


able element (Ty 1) into the his4 locus of yeast®. The mutation is: 


unstable and has given rise to translocations, deletions, a trans- 
position and an inversion’. DNA sequence analysis of the 
wild-type his4 gene and the his4-912 mutant indicates that 
transposition of Ty/ creates a 5-base pair duplication of DNA 
previously at the site. Excision of the element by recombination 
between the terminal 334-base pair repeats results in reversion 
to a His” phenotype. In his4-912, Ty1 inserted into the 5’-non- 
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Fig. 1 The sequencing strategy for the 1,577-base pair {bp} His4* Sall 
fragment. Those restriction sites used to determine the sequence are 
indicated: Sall{S), Hinfl (BD), Taql(O}, Mspl(V), Xholi x), Sau3A (@) and 
Poull(P). Each arrow above and below the map indicates the extent of the 3' 
to 5° sequence determined from a single experiment; the head of the arrow 
indicates the position of the nucleotide identified farthest from the end label. 
The restriction fragments for sequence analysis were generated by cleavage 
of either the Salf plasmid (Y1P302) or the Sali fragment and labelled at their 
3 ends with either [e -7 P]dATP or dCTP using reverse transcriptase*’. The 
labelled fragments were isolated and subjected to the Maxam—Gilbert 
chemical sequencing procedure and the reaction products separated by 
electrophoresis as des@ribed°” except that 80-cm gels were used to enable us 
to read sequences very far from the label (+350 base pairs). The products 
were visualized by autoradiography and the sequence read from the film. 
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coding region of the his4 gene. The phenotype of the His* 
revertants of his¢-912 suggests that Ty/ does not disrupt the 
his4 promoter but that it interferes with hisd expression by 
transcriptional competition. 


Analysis of His4” and his 4-912 


The his4 locus was cloned as a 20x 10°-base pair BamHI 
fragment on pBR313 (YIP300)*. Existing deletions of portions 
of his4 localize the beginning of the gene to 500 base pairs from 
the end of an approximately 1,500-base pair SalI fragment’. 
The Southern blot of labelled his¢ DNA to DNA from a 912 
yeast strain and the restriction map of the 9/2 clone demon- 
strated that the 912-insert was a Ty/ element transposed to the 
same Sall fragment’. 

We present here the DNA sequence from this Sall fragment 
in His4~ and compare it with the DNA sequence from the Sall 
fragment in his4-912. We analysed fragments of the His4* 
segment which end at Sall, Hinf I, Taqi, MspI, Xhol and Poull 
sites to determine the complete nucleotide sequence of the 
wild-type 1,577-base pair fragment (Fig. 1). The Ais4 coding 
frame extends through the last 474 base pairs of the top strand of 
the fragment. Many nonsense codons are dispersed throughout 
the region in the other two coding frames. Two early his4~ 
mutations differ from the wild-type sequence within this seg- 
ment (T. Donahue, personal communication). The protein 
specified by the his4 coding frame begins Met-Val-Leu-Pro-lle: 
the amino terminus of the his4 protein is the tetrapeptide 
Val-Leu-X-Hle (X was unidentified, ref. 10 and R. Bigelis, 
personal communication). These data show that the coding 
region for the amino-terminal portion of the Ais4 protein begins 
at position +1 shown in Fig. 2. 

The plasmid containing the his4-912 mutation (YIP312) 
includes 19 x 10° base pairs of yeast DNA (the restriction map, 
as previously determined®, is shown in Fig. 3). To analyse more 
easily the DNA sequence in the region of the two junctions 
between his4 and the insert, we cloned the two SalI fragments 
which span these junctions in pBR322 (YIP312-1 and YIP312- 
2; Fig. 3). The junction closest to his¢ was sequenced from 
fragments produced by cleavage of YIP312-1 with Sall, Hinf I, 
Sau3A, Taqi and Bgill. The junction distal to his4 was 
sequenced using the restriction sites for the enzymes HinfI, 
Msp! and Sau3A, which lie within a 900-base pair Pvull 
fragment of YIP312~2 (Fig. 4b). The sequence of the his4- 
proximal junction extends 715 base pairs into the insertion 
element and the Ais4-distal sequence extends 369 base pairs in 
from the other junction (Fig. 2). 


Tyi is a transposable element 


The Ty/ element is a 5,600-base pair region flanked by direct 
repeats of approximately 250 base pairs (‘8 regions)”. The 
element is present in about 35 copies dispersed throughout the 
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-161 


GTGA CTCACCTITTTITA TCAGTCATICGATATAGAA pale: 
CACTGAGTGCAAAAAAATAGTCAGTAAGCTATATCTICC, 
Taqi 





GTGACTCACGTTTTTTTATCAGTCATTCGATATAGAAGGT, TGTTGCAA TAGAAATCAACTATCATCTACTAACTAGTATT TACATTACTACTATATTATCATATACGGIOTTAGAA 
CACTGAGTGCAAAAAAATAGTCAGTAAGCTATATCTTICCA ACAACCTTATCTTITACTTGATAGTAGATGATTGATCAGAAATGTAATGATCATATAATAGTATATGCCACAATCTT 
| Taq! 


‘ ITG AATAATATTTATAGAAT 
GATGAGEGAAA TCA TCAGAAA TAGTCATCTAAATT AGTCCAAGCTCAAACGCAAGGA TIGA TAATGTAATAGGATCAATGATATAAACATATAAAATGATGATAAT AES, i 
CTACTGOGTTTACTACTCTITATCAGTAGATTTAATCACCTTOGACTITGOGTT CCT AACTATTACATTATCCTAGTIACTATATITGTATATITTACTACTATTATIATASATATSN 





Sau3A 






\CAATTATCTCAA 


ATTOCCTTTTATGCATICOCTAAATCCTICAGCAGAACTICTAGTATATT CTCTATACCTAATATTATAGCCTT TATCAACAATGGAA TT 
'TGTTAATAGACT. 





TGTGTAGAATTGCAG 
ACACATCTTAACGTCTAAGGGAAAATACCTAAGGATTTAGGAACTCCTCTTGAAGATCATATAAGACATATGGATTA TAATATCGGAAATAGT IGTTACCTIAGGE 









Hinfl |  Hinfi Hinfi 
z : ss 7 p. rip : 
CATTCACCCATTTCTCATGGTAGCGCCTGTGCTICGGTTACTICAAAAGGAAG |, , “5100 bp ___ GTCGACACAAAGGCTTCGTTAACATGCACTTCAACTA 
GTAAGTGGGTAAAGAGTACCATCGCGGACACGAAGCCAATGAAGTTTTCCTTC of Tyl " CAGCTGTGTTTCCGAAGC GTGAAGTTGAT 


Sall 


- CAGAACCAGAAATACACGCAGTCAGTGAACCTATACCGCTATTGAATAACCTCAGTCACCTTGTGCAAGAACTTAACAAGAAACCAATTATTAAAGGCTTACTTACTGATAGTAGATCAA 
GACTICGTCTITATGTGCGTCAGTCACTICGATATGGCGATAACTTATTGGAGTCAGTGGAACACGTTCTTGAATIGTTCTTTGGTTAA TAA TTTCCGAATGAA TGACTATCATCTAGTT 
Sau iA 


CGATCAGTATAATTAAGTCTACAAATGAAGAGAAATTTAGAAACAGATTTTTTGGCACAAAGGCAATGAGACTTAGAGATGAAGTATCAGCTAATAATTTATACGTATACTACATCGAGA 
GCTAGTCATATTAATTCAGATGTITACTTCTCTITAAATCTTIGTCTAAAAAACCGTGTTTCCCTIACTCTGAATCTCTACTE CATAGTCCATTATTAAATATGGATATGATGTAGEECT 


Sau3A i Tagi 


CCAAGAAGAACATTGCTGATGTGATGACAAAACCTCTTCCGATAAAAAGATTTAAACTATTAACTAACAAATGGATTCATTAGATCTATTACATTATGGGIGGTATGTIGGAATAGAAAT 
GGTTCTTCTIGTAACGACTACACTACTGTITTGGAGAAGGCTATTTTTCTAAATTTGATAATICATTGTTTACCTAAGTAATCTAGATAATGTAATACCCACCATACAACETI 
HinfI BglII 











CAACTATCATCTACTAACTAGTATTTAGA TTACTAGTATATTATCATATACGGTCTTAGAAGATGACGCAAATCA TCAGAAATACTCATCTAAATTAGTGGAAGCT AAG 
GTTGATAGTAGATGATTGATCATAAATGTAATGATCATATAATAGTATATGCCACATACTICTACTCGGTTTACTACTCTTTATCAGTAGATTTAATCACCTICGA SCGTTCCTAA 


GATAATGTAATAGGATCAA TOAATA TAAACATATAAAATGATGATAATAATATTTATAGAATTGTGTAGAATIGCAGATTCCCTTTTATGGATTCCTAAATCCTTC ACTTCTAG 

CTATTACATTATCCTAGTTACTTATATTTGTATATTTTACTACTATTATTATAAATATCTT AACACATCTTAACGTCTAAGGGAAAA TACCTAAGGATT TAGGAACTCCTCTTGAAGATC 
Sau3A Hinfl Hinfl ee 

TATATTCTGIATACCTAATATTATAGCCTTT ATCAACAATGGAATCCCAACAATTATCTCAACATTCACCCATTTCTCA GGATATGACTATGAACAGTACTATACTGTGTAT 

ATATAAGACATATGGATTATAATATCGGAAATAGTTGTTACCTTAGGGTTGTTAATAGAGTTGTAAGTGGGTAAAGAGTP a ee 

Hinf I í ma Zi 

ji : AGGATATCACTATCAAC: GTAGTATACTGT GITAT 


ATICIITTCCTATACTGATACTTGTCATCATATGAC ACATA 


ATAATAGATATGGAACGTTATATTCACCTCCGATGTGTGTTGTACATACATAAAAATATCATAGCACAACTGCGCTGTGTAATAGTAATACAATAGTTTACAAAATTTTTTTTCTGAATA 
TATTATCTATACCTTGCAATATAAGTGGAGGCTACACACAACATGTATGTATTTTTATAGTATCGTGTTGACGCGACACATTATCATTATGTTATCAAATGTTTTAAAAAAAAGACTTAT 


-í 


ATAATAGATAI TGGAACGTTAT TATTCACCTCCGATGTGOTGTTOTACATACATAAAAATATCATAGCACAACTGCGCTGTGTAA AATAC JTAATACAATAOTTIACAAAATTITITITCT GAATA 
PATTATCTATACCTIGCAATA TAA GTGGAGGCTACACACAACATGTATGTATTITTATAGTATCGTGTTGACGCGACACATTATCATTATGTTATCAAATGTT TTAAAAAAAAGACTTAT 


MetValLeuProl leLeuProieu!l leAspAspLeud LlaSerTrpAenSerLysLyeGlu 

+60 
ATGGTTTTGCCGATTCTACCGTTAATTGA TGATCTGGCCTCATGGAATACTAACAACGAA 
TACCAAAACGGCTAAGATGGCAATTAACTACTAGACCGGAG TACCTTATCATICTTCCTT 


ATGG?T TTTGECGA TTCTACCOTTAATTOA TGA TETGGCCTCA TGGAATAGTAAGAAGGAA 
TACCAAAACGGCTAAGATUGCAATTAACTACTAGACCGGACTACCTTATCATTCTTC CTT 
HinflI Sau3A 


Fig. 2 Comparison of the His4* and his4~912 sequences indicates the location of Ty/. The his¢-912 sequence (roman letters} is homologous with the Misg” 

sequence (italic letters) up to position —161 from the right (the direction to #is¢) and —157 from the left. The sequence of 5 base pairs from positions ~ 157 ta -161 

(large letters) is duplicated at either end of the element. The 334-base pair region into the element from either junction is a direct repeat of the & clement Uindicated by 

bars above and below the Ty 7 sequence). The 5,600-base pair internal region of Ty / lies between the two 6 elements. The sequence of 36 base pairs in from the right 

hand and 382 base pairs in from the other have been determined. At the junctions between the 6 elements and the 5,600-base pair region there ts a second 5-base pair 

duplication 5‘-TGGTA-3’ (underlined). The non-coding region of His¢4™ (italics) includes two possible Hogness boxes (underlined) that could be associated with 
mRNAs beginning on the Aisd-side of the first ATG in the hiss non-coding region (underlined), 
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Fig.3 The restriction map of the hisd-912 plasmid (YIP312) as described 

by Roeder and G.R.F.°. The sites for the enzymes BamHI(B), EcoRI(E), 

fin dill (H), Pstl(P) and Safl(S) are indicated. The boxed region represents 

the Ty/ insert, and the 6 repeats are indicated by the solid regions. The 

portions of this plasmid cloned in YIP312-1 and YIP312-2 are indicated by 
double-headed arrows below the map. 


yeast genome and the 6 regions are present in over 100 copies 
both as part of Ty/ elements and as independent units. The Ty / 
element was inferred to transpose because it appeared in 
different locations in several strains of yeast. However, in no 
case was transposition directly observed. 

The sequence of his4-912 demonstrates that Ty/ transposed 
into his4, as only the element itself has moved into the new site. 
The element which has inserted into his4 is approximately 5,600 
base pairs flanked by a perfect 334-base pair direct repeat. The 
his4 wild-type sequence begins precisely at the ends of the 
terminal repeats, so no DNA other than Ty/ has been inserted. 
Because insertion includes only Ty/, it could not have been 
caused by homologous recombination involving sequences 
flanking its original site. The DNA sequence of the his4-912 
mutation is consistent only with transposition of an intact Ty 
into the 5’-non-coding region of his4. | 

The Ty/ element in his4-912 is flanked by a duplication of 
5-TAAGA-3' (Fig. 5). This duplication was created during 
transposition, because the sequence appears only once in His4 * 
DNA (nucleotides —161 to —157). The creation of flanking 
duplications is a characteristic of all prokaryotic transposable 
elements; both 5-base pair (IS2, Tn3, Mu and y-ô) and 9-base 
pair duplications (S/, Tn5, Tn9, Tn10) have been observed 
(summarized in ref. 11). Our finding that Ty/ insertion creates a 
duplicated sequence in the target suggests that the mechanism of 
transposition is similar between a eukaryote and the prokary- 
otes. 

A feature of the Ty 7 sequence which we cannot explain is the 
existence of a 5-base pair duplication of 5'-TGGTA-3' at the 
internal ô junctions of Ty/ (Fig. 2). The existence of a dupli- 
cation of the sort created by Ty/ transposition suggests that 
these junctions have also been created by transposition. There is 
no simple transposition process known or postulated that could 
account for this structure. It is also possible that this is either a 
random occurrence of a 5-base pair duplication or that the 
duplication is required for Ty1 function. 


The insertion of Ty creates a 
24-base pair inverted repeat 


Although in Escherichia coli the insertion of transposable ele- 
ments is not a site-specific event, the sites of insertion cluster in 
specific regions (‘regional specificity’) and many insertion muta- 
tions are found in these regions at a few specific sites (‘hotspots’). 
Many transposons demonstrate regional specificity [Tn3 (ref. 
12), Tn7 (ref. 13), Tn9 (ref. 14), Tn 0 (refs 15, 16), Tn 501 and 
Ta&02 (ref. 17)]. DNA sequencing of Tn10 (ref. 18) and Tn3 
(ref. 19) insertions shows directly that these elements have 
insertion hotspots. The hotspots for insertion of Tn3 occur near 
a sequence in the target DNA which is homologous to the 
termini of the element. The insertion of Tn3 at the hotspots 
creates an inverted repeat between the homologous sequences 
in the element and the site. Thus, some sequence homology is 
responsible for the specificity of insertion, although homologous 
recombination is not involved. 

A sequence created by the insertion of Ty/ into his4 suggests 
that transposition js directed by limited sequence homology. 
The sequences 12 base pairs in either direction from one muta- 
tion junction form an inverted repeat with its centre of symmetry 
precisely at the junction (Fig. 5). The sequence, 5’-ACC- 
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CATTTCTCA/TAAGAAAAGGAT-3’ (the slash is the centre 
of symmetry and the junction), includes nine matches and two 
purine—purine matches. The sequence at the end of & could be 
required for recognition of the preferred insertion site. The 
recognition does not involve homologous recombination, as that 
process would create a flanking direct repeat. 


Excision of Ty 1 

The major class of His” revertants is caused by a sequence 
alteration at the 912 site. These revertants are His” at 37 °C and 
His” at 23 °C (ref. 7). The Ais4 region from these revertants has 
suffered a large deletion of Ty] DNA, but still retains approxi- 
mately 300 base pairs of the element®. The fact that the 6 
element is the same size as the remaining insert suggested that 
reversion resulted from recombination between the direct 
terminal repeats of 6, leaving a single 5. This process is called 
excision. The Tn9 element, which is flanked by a direct repeat of 
IS 1, also undergoes an excision of this sort?’, 

We cloned the his4 region of one cold-sensitive revertant, 
his4-912R1, using a modification of a previously described 
procedure’. Sequence analysis of the his4 region from his4- 
912R1 shows that the mutation results from the presence of a 
single 5 element which is identical to those at the end of Ty/ in 
his4-912. The 6 element is flanked by the identical 5-base pair 
duplication flanking his4-912. We have sequenced 250 base 
pairs towards and into the Ais¢ gene and found no additional 
differences from His4~, The sequence is entirely consistent with 
the recombination model for excision. Excision of Ty? by this 
specialized recombination could be responsible for the dis- 
tribution of ô sequences in the yeast genome. As many as 50 6 
sequences independent of Ty/ are dispersed throughout the 
genome. These 6 elements could mark the sites of previous Ty / 
excisions. 


a Sa 


100 bp 


Fig.4 The sequencing strategy for the two junctions of Ty/ in his4-912 is 

shown as described in Fig. 1 legend; the site for the enzyme Bg/ II is indicated 

(B). The Ty/ element is represented as in Fig. 3. a, The strategy for the 

his4-distal (left) region from plasmid YIP312-1. b, The strategy for the 
hisd-proximal (right) region (YIP312-2), 
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CATTCGATATGAAGGTANGARCTTCCAATAGAAA g 
GTAAGCTATACTTCCATICTacaacorrarcrrr 
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Ty1 is inserted into the region of the his4 
promoter 


te a 


A comparison of the sequences of His4* and his4-912 demon- 
strates that in the Ais4-912 mutation Ty! lies in the S'-non- 
coding region, 161 base pairs from the ATG responsible for 
initiation of his4 translation (Fig. 2). Because the sequence 
encoding the his4 polypeptide is unaffected and the mutation Is 
distant from the structural gene, the His” phenotype of his4-912 
is likely to result from a block in the expression of the gene at the 
level of transcription. 

Unfortunately, we do not know exactly where his4 tran- 
scription begins. Comparison of the his4 sequence with that of 
known eukaryotic promoters limits the position possible for his4 
transcriptional initiation. Regions where eukaryotic RNA 
polymerase II initiates have two common features. Translation 
begins at the first AUG following the site of transcriptional 
initiation”. As shown by studies on the cyc/ gene of S. cerevisiae, 
the only signal required for initiation of translation is the 
AUG”. This observation is supported by comparisons of 5’- 
non-coding regions of many eukaryotic mRNAs’*. Based on 
these considerations the his4 message must initiate downstream 
from the first ATG in the non-coding region (~88) between —87 
and +1. 

The second common feature of eukaryotic promoters is a 
sequence which is thought to be a recognition site for RNA 
polymerase II. Nearly all promoters have a sequence similar to 
5'-TATAAATA-3’ (the ‘Hogness box’) which is centred 
approximately 28 base pairs on the 5’ side of the initial nucleo- 
tide of the message”. The promoter regions of the yeast genes 
his3**, cycl*®, and the gene encoding glyceraldehyde-3-phos- 
phate dehydrogenase” all include a sequence related to the 
Hogness box. If his4 mRNA begins between —87 and +1, any 
Hogness box must lie between nucleotides —120 and —25. Two 
sequences similar to the Hogness box occur in this region: 
5'-TATATAATA-3’, centred on —119, and 5’-CATAAAAA- 
3’, centred on —67. The His” phenotype of his¢-912 does not 
result from disruption of the DNA sequence in the region of 
either Hogness box. 

Preliminary RNA blotting experiments indicate that the 
normal his4 message is not produced in his4-912 (C. Ilgen, 
personal communication). One possible explanation for the 
His4~ phenotype of the his4-912 mutation is that transcription 
initiated within the Ty/ element disrupts the initiation of tran- 
scription at the normal his4 promoter. The other possibility is 
that Ty/ inserted into a site required for polymerase recog- 
nition. This would mean that the promoter includes sites in the 
region of —161 as well as the Hogness box. 

The his4-912R1 revertant created by excision of most of the 
Ty1 element can distinguish between these two possibilities. In 
his4-912R1 there is no new promoter either at the his4-proxi- 
mal junction of the insertion or in the insertion itself, as this 
region is identical to that of his¢-912. A promoter created at the 
his4- distal junction would result in transcription of the element 


=Á 
rrcaacecatrrercaTRAGAAAAGGATATGACTA 
AAGTTGGCGTAAAGAGTAI ICT TTTCCTATACTGAT 
AAAGAGE 


Fig.5 The sequences of Hisd” 
and fisd-912 junctions. The 
arrows are at the junction 
points. The regions homologous 
to Hisd ` in the sequences of the 
two janctions are shown in 
roman lettering, the Tyl ele 
ment im italics; the 5-base pair 
duplication ts indicated by large 
letters. The lines in either 
direction from the right 
junction demonstrates the 
inverted repeat; a {4} indicates 
identity and a {A} indicates 
purine~purine partial identity. 
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itself. The element includes nine ATG cocons each followed by 
several in-frame nonsense codons before the beginning of kis. 
Such a transcript would fail to express His¢~ because translation 
would initiate and terminate before the his4 gene. The simplest 
hypothesis is that the his4 promoter is located between the 
his4-912 site (-161) and the beginning of the gene. The His” 
phenotype of his4-912 could be attributed to transcriptional 
competition. Deletion of most of the element by excision eli- 
minates the Ty/ transcript so that initiation at the Ais¢ promoter 
occurs normally. The residual cold sensitivity of his4-912 is not 
explained by this model. This phenotype could be due to some 
other pleiotropic effect of the 6 element (such as that due to a 
minor transcript), or the presence of a 6 element could alter the 
his4 promoter, Many predictions of this model are being tested 
by RNA blotting experiments. 

Sequence analysis of the Ty/ element from Ais4-9] 2 demon- 
strates that Ty/ is a transposon and is capable of transposition 
by a mechanism similar to that of bacteria! transposons. South- 
ern blotting analysis of His” revertants of hisd-912° suggest that 
the element is also capable of promoting chromosomal aber- 
rations similar to those catalysed by bacterial transposons. One 
mutant may be the result of a transposition-mediated i inversion, 
similar to those seen with bacteriophage Mu*". The Ty/ element 
also promotes events which differ from anyobserved in bacteria. 
These include deletions ending at apparently random locations 
in the element, chromosomal aberrations with breakpoints 
outside the element, and ‘concerted’ events”’, and suggest that 
the mechanism of action of Ty/ is significantly different from 
that of prokaryotic transposons. 
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Escherichia coli strains have been constructed in which lacZ, the gene for the cytoplasmic enzyme B-galactosidase, is fused 
to lamB, the gene for an outer membrane protein, One such strain produces a B-galactosidase which remains cytoplasmic 
even though it possesses the complete signal sequence of the lamB protein precursor at the amino-terminal end. 
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ACCORDING to the signal hypothesis, proteins secreted from 
eukaryotic cells are synthesized as precursors with an extra 
NH- terminal sequence of predominantly hydrophobic amino 
acids'*. That ‘signal sequence’ initiates binding of the trans- 
lation complex to the endoplasmic reticulum, facilitating 
transfer of the protein across the membrane concomitant with 
translation, In most cases the signal sequence is removed by a 
‘signal peptidase’ from the growing polypeptide during transfer, 
giving rise to the final protein product, which is localized on the 
luminal side of the endoplasmic reticulum. Evidence for this 
scheme in animal cells has come from the isolation, in vitro, of 
numerous precursors of secreted proteins, the discovery that 
they have extra amino acid sequences (15-30 residues} at their 
NH,.-terminus and the demonstration that secreted proteins are 
synthesized on polysomes bound to the endoplasmic reticulum 
whereas cytoplasmic proteins are synthesized on free poly- 
somes”. On the basis of similar evidence, the hypothesis was 
extended to include the localization of non-cytoplasmic proteins 
in bacteria, with the cytoplasmic membrane having a role 
analogous to that of the eukaryotic endoplasmic reticulum? 
(By non-cytoplasmic we mean proteins of the cytoplasmic or 
outer membranes, of the periplasmic space, or truly secreted 
proteins.) 

We are using a genetic approach to evaluate the importance of 
the signal sequence in the export process’, One non-cyto- 
p.asmic protein which we have been studying is the product of 
gene lamB in Escherichia coli. Located in the outer membrane, 
it is involved in the transport of maltose and maltodextrins, and 
aiso serves as a receptor for several bacteriophages, including A 
(refs 19-22). Comparison of the NH,-terminal sequence of the 
mature protein” with that of the primary gene product**** 
showed that /amB protein is synthesized as a precursor contain- 
ing 24 extra amino acids at the NH, terminus. Mutations 
affecting this extra sequence prevent the export of the protein, 
which remains in the cytoplasm as an uncleaved precursor’ 
From this we conclude, as predicted by the signal hypothesis, 
that the extra sequence in the precursor of non-cytoplasmic 
proteins is essential for their export. 

The question then is whether such an extra sequence posses- 
ses all the information required to lead any polypeptide out of 
the cytoplasm. 

è Present address: Servicio de Microbiologia, Centro Especial Ramon y 
Cajal, Madrid-34, Spain. 
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By means of gene fusion we have already shown that a 
polypeptide coded by a lJamB-lacZ hybrid gene was exported, 
to some extent, to the outer membrane, although 8- galacto- 
sidase, the product of lacZ, is normally cytoplasmic’. The 
amount of lamB DNA present in this hybrid gene (called 42-1) 
was 200-300 codons (out of a total of about 500 for the entire 
gene), We now describe two other fusion strains, in which there 
is much less /amB DNA in the hybrid gene. Our results demon- 
strate that the presence of a signal sequence at the NH, terminus 
of B- galactosidase does not suffice to lead this polypeptide out of 
the cytoplasm. 


Construction and characterization 
of fusion strains 


The application of gene fusion in vivo 
with lamB-lacZ hybrid genes has been described previously 
(Fig. 1). It involves the insertion of phage Mu DNA into the 
lamB gene, the integration of a Aplac prophage into the Mu 
prophage, and a deletion of the Mu prophage. Two fusions will 
be described here, 61-4 and 52-4, derived from Mu insertions 61 


27 tothe selection of strains 
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Table 1 Purification of the hybrid proteins 
61-4 §2-4 
Specific Specific 
Total activity Total activity 
activity (units per mg activity {units per mg 
(units) protein) iunits) protein} 
French press 
extract 9.9 x 108 22610". 33x10" 5.1 x10" 
38% Ammonium 
sulphate 
precipitate 4,3 x 108 76x10% 18x 10? 22410? 
DEAE-Sephadex 
A50 eluate 3.0« 108 5.5x 10° 1.2 x 10? 4.4« 10° 





The 61-4 and 52-4 hybrid proteins were purified from 700g and 1,000 g, 
respective y, of cells grown to late exponential phase at 30°C in M63 minimal 
medium’? supplemented with 0.8% maltose. The purification was essentially as 
described by Miller’? except that: (1} the extraction was carried out in the presence 
is 30 wg ml! p-toluylsulphonyl fluoride to inhibit proteases present in the extract, 

2) a precipitation step with 3% streptomycin sulphate was carried out before the 
ee sulphate precipitation, (3) DEAE Sephadex A50 was used instead of 
DEAE cellulose, (4) the sucrose gradient step was omitted and (5) 10°*M 
Na-EDTA and 100 M 6-mercaptoethanol were present in all buffers. The 
purified proteins were kept in the form of a 50% ammonium sulphate precipitate. 
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Fig. 1 Scheme for isolating JamB-lacZ fusion strains. Because the whole procedure has been previously described'*, only the last. step.is-shown here. A 


thermoinducible Mulets) prophage was first inserted into lamB and a Aplac Mu prophage was then inserted into the Mu prophage, by: 
quences. The structure of the resulting strain is shown in a. Pmal is the promoter of the ma/K-lamB operon. Thed 
prophage** are indicated. Primes, as in lamB’ or acO, indicate that the genetic region referred to is deleted on the side the prime: wri 
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mutation located in codon 17 of gene lacZ (ref. 45), Deletion events (A) removing all or most of the Muicts} prophage and extending past the. JHS mutation yield 
strains whose genetic structure are shown in b. Such strains can be selected as thermoresistant (loss of the thermoinducible Muicts} prophage} and Lac” (elimination of 
wa U118 and production of a hybrid protein which has 8-galactosidase activity). a 


and 52, respectively (Fig. 2). The presence of /amB DNA within 
the 52-4 hybrid gene was demonstrated by deletion map- 
ping’*?*?", Because fusion 61-4 was derived from a Mu 
insertion located at the very beginning of lamB, the presence of 
lamB DNA in this hybrid gene could not be ascertained by this 
technique. Accordingly, we had to insure that lacZ was not 
fused to the promoter proximal gene malK. This was accom- 
plished by demonstrating (as described in ref. 30) that the 
introduction of a non-polar amber mutation in malK (malK 3 or 
malK 4), in the cis position with respect to these fusions, had no 
effect on the synthesis of B-galactosidase. The introduction of 
such a mutation into known malK-lacZ fusions leads to the 
disappearance of -galactosidase activity. 

To locate the hybrid proteins in the cell, we prepared extracts 
and separated the cytoplasmic and envelope fractions as 
described elsewhere'*”’®. The hybrid proteins can be detected 
either by their enzymatic activity or by their migration on 
polyacrylamide gels in the presence of SDS. About 10% of the 
B~-galactosidase activity sediments with the envelope in the case 
of 61-4, and 15% with 52-4. However, these figures, which 
result from assays carried out on unwashed envelope pellets, 
certainly represent overestimations of the amount of hybrid 
protein which is truly membrane bound. Indeed, when extracts 
of wild-type strains are centrifuged in the same conditions, 
about 10% of authentic B- galactosidase also sediments with the 
envelopes. The gel pattern in Fig. 3 confirms that the hybrid 
proteins are mostly cytoplasmic: the amount of envelope-bound 
protein is undetectable with 61-4 and is less than 3% with 52-4. 
Figure 3 also shows that the 61-4 polypeptide is slightly shorter 
than 52-4. 


When 61-4 or 52-4 cells are submitted to cold osmotic 
shock?! less than 2% of B-galactosidase activity, but about 90% 
of maltose binding protein”, are released into the medium. 
Thus, the two hybrid proteins are not in the periplasmic space. 

According to our fractionation data, therefore, the 61-4 and 
52-4 hybrid proteins are chiefly in the cytoplasm, perhaps a very 
small fraction of the latter being bound to the membrane. That 
location accords with the growth properties of these two strains, 
which grow normally in the presence of maltose, an inducer of 
the malK-lamB operon, whereas other lamB-lacZ strains 
(such as 42-1, Figs 2, 3), which export some of the hybrid protein 
to the outer membrane, are sensitive to maltose’*”*. 





Pmai maik lamB Fig. 3 SDS-polyacrylamide gel electrophoresis of whole cell extracts and 
cellular fractions of famB~—lacZ fusion strains. Whole cell extracts were 
61 52 42 prepared by growing the cells in the indicated media to mid-logarithmic 
a Se Ra: a ce ia aaa a TS BEE phase, resuspending in 0.1 volume SDS sample buffer** and boiling for 
CARA ers 2 min. Cytoplasmic and membrane fractions were prepared as previously 
——— ve apu i s described™* by centrifuging at 100,000g for 1 h extracts obtained by soni- 
, f me 7 cation. All ‘induced’ samples correspond to cells grown at 30°C for 4h in 
Pa ag en EEAS ak ~- soe à : Fhe +. 
ae maltose-glycerol M63 minimal medium supplemented with 5 % complete 
er Sete, g eae its : medium (LB), ‘Uninduced’ samples correspond to cells grown in glucose 


Fig. 2 Genetic structure of the lamB-lacZ fusions. Previous work?” 
allowed us to divide gene lamB into 11 deletion intervals, The position of 
Mu insertions 61, 52 and 42 is shown on the first line. The structure of fusions 
derived from these Mu insertions is indicated below the map, with the /amB 
part of the hybrid gene shown as a heavy line and the lacZ part as an 
interrupted line. Only fusions 61-4 and 52-4 are described in this article. 
fusion 42-1 is described elsewhere'*; it produces a hybrid protein which is 
partly exported to the outer membrane (see Fig. 3). 


M63 medium. The acrylamide concentration was 9%. Channels a-d are 
various preparations from the 61-4 fusion strain, channels e-h correspond to 
the 52-4 strain and channels i and j to the 42-1 strain. a And e are uninduced 
whole cell extracts: & and f are induced whole cell extracts, c, g and / are 
induced cytoplasmic fractions; d, h and / are induced membrane fractions. 
The membrane fractions displayed here correspond to 7.5 times more cells 
than the cytoplasmic fractions. The solid arrowheads indicate the lamB-lacZ 
hybrid proteins. The complete arrows indicate cytoplasmic and membrane 
markers: at the upper left the @ and B’ subunits of RNA polymerase and, at 
the lower right, major outer membrane protein Ia. 





soon 





arse ain aaan A unneg anaa aunean aganna ana nunnana aint 





2 3 4 & %S WF EH 


+ 2 3 4 3 & 7 8 3 %«% nn 


WET ILE GLU ALA ALA HIS GLU LYS ARG GLU SER LEU ALA ALA HIS PRO PRO PHE ALA 


t ž 7 5 yv y z R © 
jamB jac Z 

intact 

p t in + . * a + 

CNE:2" * > > + * > e o . * * a 9> * * * > 


Fig. 4 Amino-terminal sequence of the 61-4 lamB-lacZ hybrid protein. 
All sequencing was done using 0.1M Quadro! in a Beckman 890C 
sequencer. The CNBr2* fragment was sequenced using a dual wash pro- 
gram*’, The intact carboxymethylated protein was sequenced with a pro- 
gram similar to that of Hunkapiller and Hood**, All other procedures were 
as described previously™ except that, recently, identification has also used 
HPLC. @ Indicates residue identified. The numbers above the sequence 
correspond to the position of the residue in the 61-4 protein, the numbers 
below correspond to the position of the residues in the lamB and lacZ gene 
products. According to the DNA sequencing data the lamB gene starts on 
the mRNA with two successive AUG codons. Therefore, the lamB protein 
precursor might be expected to start with two successive methionine resi- 
cues. However the two hybrid proteins described here start with a Single 
methionine residue, and there is some evidence that this is also true of the 
famB protein precursor synthesized in vitro (ref. 25). We do not know 
whether this is due to an initiation of translation at the second, rather than 
the first AUG, or to a proteolytic cleavage of the first methionine. This 
introduces an ambiguity in the numbering of residues in the lamB gene 
product. We decided to call residue number 1 the single methionine which 
could be detected at the NH,-terminal end of the hybrid proteins. 


The 61-4 and 52-4 hybrid genes were transduced into other 
strains of E. coli K12 (see below). The transductants grew 
normally in the presence of maltose and synthesized a cyto- 
plasmic B- galactosidase. Thus, the original fusion strains carried 
no unlinked mutation which might have prevented the export of 
hybrid protein. | 


Purification of the hybrid proteins 


To facilitate purification we used genetic techniques to increase 
the amount of hybrid protein synthesized by fusion strains. Any 
hybrid gene obtained by our technique of gene fusion is located 
close to a A prophage (Fig. 1). Induction of fusion strains with 
UV light yields A transducing phages which carry the hybrid 
gene. When such phages are used to lysogenize another strain, 
multiple lysogens are obtained at a very high frequency, and 
these can be recognized by the amount of 8- galactosidase which 
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they synthesize*’.-After infecting MC4100 cells (deleted for the 
lac operon”) with a A61-4 or a AS2-4 transducing phage, we 
selected presumed triple lysogens, which synthesized approxi- 
mately three times as much B-galactosidase as the original 
fusion strain. Although they were of limited stability, these 
polylysogens could be used for protein purification, provided the 
number of transfers after their isolation was minimized. 

Hybrid proteins were purified essentially according to the 
scheme used for authentic 8- galactosidase” (Table 1). The 52-4 
protein had a stability comparable to that of authentic B- 
galactosidase. The 61-4 protein, on the other hand, was rather 
unstable. For instance, it lost 90% of its activity after 10 days at - 
4°C when kept in solution after elution from the DEAE 
Sephadex column. 


Determination of NH, terminus 
of hybrid proteins 


Hybrid protein sequences were analysed by techniques 
developed for use on a hybrid protein containing B-galac- 
tosidase and lac repressor sequences’. In wild-type B-galac- 
tosidase, the first two methionine residues are at positions 2 and 
92 (ref. 36), and residues 3-92 yield a cyanogen bromide 
fragment called CNBr2. Hybrid proteins obtained as described 
in Fig. 1 legend always lack at least the first 17 amino acids of 
wild-type B- galactosidase, eliminating the first methionine. If 
the amino acid sequence which replaces the normal 8-galac- 
tosidase NH, terminus contains no internal methionine, only 
one new fragment (CNBr2*) should result from treatment of the 
hybrid protein with cyanogen bromide. Indeed, with the 61-4 
hybrid protein a single additional cyanogen bromide fragment 
was found that reacted with antibodies directed against wild- 
type CNBr2. The NH2-terminal sequence of this peptide is the 
same as that of the intact hybrid protein (Fig. 4). The 52-4 hybrid 
protein, on the other hand, yielded three new peptides, due to 
the presence of methionine residues at positions 18 and 23 in the 
lamB portion of the hybrid protein”. To establish the sequence 
of the 52-4 hybrid protein up to the B- galactosidase sequence, it 
was therefore necessary to analyse the NH;-terminal sequence 
on the intact protein, to purify the CNBr2* fragment and 
sequence its NH,-terminal region, and to purify and sequence 
the smallest of the additional cyanogen bromide fragments. 

As Figs 4 and 5 show, the 61-4 and 52-4 proteins contain lacZ 
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Fig. § Awinostenninal sequence of the 52-4 lamB-lacZ hybrid protein. See Fig. 3 legend. The arrow indicates the site of cleavage by the signal peptidase. /amB 
52-4 CNBrB is one of the three cyanogen bromide fragments obtained from the 52-4 protein but not from authentic 8- galactosidase. 


ANAI Aa arteetan heitanna TT URAL Aeterna RSA eather Hc aaan AMUSE thn eh rn rm LSS nite pA drrarer A AAR A 





Nature Vol. 286 24 July 1980 


amg ATG ATT ACT eee 
ihu. 
insertion 
$- end of Mu GAA GOG GCG CAC GAA AAA CGC GAA AGC GTT .----- 
deletion 
end point 
61-4 sas, ee odign esa a nias oe Gas manevara 


BE nE gu MA Aa S A S AG ēku ER -ooo 


Fig.6 A reconstruction of the events which yielded the 61-4 fusion. The 
fragment of lamB sequence on: the first line is from ref. 25. The Mu sequence 
on the second line is from Kahman and Kamp” and Allet*®. (The sequence 
published by Allet*' differs in two respects from that presented here: (1) the 
“A” underlined here is missing and (2) the prophage sequence would start at 
the “G” immediately following this “A".) Only the ‘sense’ strand of the 
DNA is shown here. The NH,-terminal sequence of the 61-4 protein (shown 
on the last line) can be explained if we assume that the original Mu insertion 
and the final deletion (see Fig. 1) occurred as shown here by the two arrows. 


polypeptides in which the first 26 or 19 amino acids, respec- 
tively, have been replaced by 11 or 40 other amino acids. The 
61-4 polypeptide is therefore 15 amino acids shorter than the 
authentic lacZ polypeptide, whereas the 52-4 polypeptide is 21 
amino acids longer. The fact that these sequences could be 
determined unambiguously shows that there was no extensive 
site-specific cleavage in the NH,-terminal region of the hybrid 
polypeptides (see also Fig. 3). 


Discussion 


Because the NH,-terminal sequence of the 61-4 hybrid protein 
contains only the first two amino acids of the precursor of the 
lamB protein (Fig. 4), iti is not surprising that the hybrid protein 
remains in the cytoplasm. Indeed, other experiments have 
_ shown that most or all of the 24-amino acid signal sequence is 
essential for export of lamB protein from the cytoplasm'*?*”?. 
This is also consistent with the observations that phoA-—lacZ and 
malE-lacZ hybrid proteins containing truncated signal 
sequences remain in the cytoplasm, whereas wild-ty ont 
and malE products are exported to the periplasm’””*. 
amino acid sequence also revealed that the deletion et ae 
the fusion removed the first 26 codons of the lacZ gene. This is 
the largest amount found missing in any fusion strain synthesiz- 
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ing a hybrid protein still endowed with g- galactosidase 
activity”. 

One unexpected feature of the 61-4 protein is that its amino 
acid sequence in residues 3-11 is found neither at the NH- 
terminal end of the lamB protein precursor nor at that of 
B- galactosidase. This sequence is actually that which would be 
coded by the DNA sequence located at the S-end of prophage 
Mu?™*, Therefore, we believe that, in the case of the 61-4 
strain, the deletion which constituted the final event in the 
creation of the fusion (Fig. 1) failed to remove a small portion of 
prophage Mu (Fig. 6). (There is some controversy regarding the 
nucleotide sequence in Mu DNA; our results could not be 
explained using the sequence originally reported by Allet*’). 

As might have been predicted from genetic data (Figs 1, 2), 
the 52-4 protein does not contain Mu-coded amino acids (Fig. 
5). From residue 1 to 39 its sequence corresponds to the NH. 
terminus of the lamB protein precursor. Except for residue 40, 
which corresponds to the fusion joint, the rest of the sequence is 
from §- galactosidase. Therefore, this protein contains the entire 
signal sequence of the lamB protein precursor and is, neverthe- 
less, chiefly located in the cytoplasm (Fig. 3). One interpretation 
of this result would be that the signal sequence is not sufficient 
information to initiate the transfer of a polypeptide through the 
cytoplasmic membrane. If the additional information required 
were encoded over a large fraction of the polypeptide, alter- 
natives“? to the signal hypothesis would have to be considered. 
Another possibility is that the signal sequence does suffice to 
initiate the transfer but that severe restrictions exist as to which 
amino acid sequences can be extruded through a membrane”, 
The enzyme #- galactosidase, which is normally cy ‘toplasmic, 
may contain unfavourable sequences’ ’. These sequences might 
block the transfer of the 52-4 protein at an early Stage, so that 
this protein, weakly bound to the membrane by its NH- 
terminus, may fall back into the cytoplasm as synthesis proceeds. 
Whatever the interpretation, the fact remains that adding a 
signal sequence to at least one cytoplasmic protein—@- galacto- 
sidase—is not a sufficient condition to alter to any significant 
extent the cellular location of this protein. 
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In the ‘standard’ hot big bang, fluctuations which give rise to 
galaxies and galaxy clusters must be present in the initial condi- 
tions; that is, they are already present at the earliest epoch when 
general relativity is valid. In a structureless big bang there seems 
to be only one way that the necessary fluctuations can be 
explained within the scope of conventional physics: a uniform 
universe with low specific entropy (S <1) can spontaneously 
generate fluctuations by shattering into macroscopic fragments. 
Such a critical point probably occurs at nuclear density during 
the transition from pion condensate to nucleon gas; shattering at 
this epoch would create fragments of the order of a Chan- 
drasekhar mass, providing both the lumpiness necessary to 
preduce galaxy clusters and a potential energy source for the 
microwave background radiation. 

The universe seems to be uniform on the very largest scales, 
and we know that it is fundamentally non-uniform on the 
smallest scales. Furthermore, we know that small irregularities 
introduced into a homogeneous Friedmann universe can grow 
with time. The obvious temptation is to try to show that all 
inhomogeneity, even on astronomical scales, ultimately ori- 
ginates from quantum effects operating in a universe which is 
initially as uniform as possible, Proposals along these lines have 
been made using, for example, Heisenberg uncertainty in the 
metric’ and thermal fluctuations in particle positions”. Several 
authors have also invoked various types of phase transitions, 
including vacuum phase transitions at very early times**, a 
nucleated quark-nucleon phase transition’, and the conven- 
tional solid+ or liquid-gas transitions®’. Critical-point tran- 
sitions are particularly good for generating fluctuations spon- 
taneously because they afford an enormous amplification of 
quantum discreteness which is in principle limited only by 
conditions of causality: if such a transition occurs, matter is 
unstable and must shatter into macroscopic fragments®’. A 
uniform expansion can ‘tear apart’ a uniform medium to leave a 
highly non-uniform expanding ‘gas’ of macroscopic lumps. 
Scme fundamental constraints on such schemes are described 
here and a model proposed which does not rely on a speculative 
departure’~* from classical general relativity. 

Although some quantum inhomogeneity always exists, it is 
possible to show that in the standard hot big bang no classical 
process can create the actual observed scale of inhomogeneity. 
Let us assume that quantum effects operating at epoch f, intro- 
duce density fluctuations with amplitude 89/p =8, on a co- 
moving scale labelled by its baryon charge M. At the present 
time fo, ignoring dissipation effects and assuming Q = 1, linear 
Lifshitz gravitational growth gives 


Smilto) = (@s/ao)"(to/ tbat) . (1) 


independent of the equation of state, where a is the scale factor. 
If gravitating energy and momentum are locally conserved in the 
sense required by classical general relativity’ (which is generally 
true even during vacuum phase transitions’), then the spectrum 
of growing fluctuations introduced by any irreversible process 
on scales larger than the horizon must be®!°"!?? 


Bu(t,joc M~7”° (2) 


This spectrum has been shown'”'*”? to arise in a perfect fluid 


with an arbitrarily Variable equation of state; any conservative 
matter is gravitationally identical to such a fluid on scales 
sufficiently large that the off-diagonal components of T™ are 
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uncorrelated. Moreover, causal processes cannot move matter 
further than ct, so the density contrast on the horizon scale must 
be less than unity: 





(60/0 en = nlt) <1 


Using equation (2), causality limits the amplitude of (8p/p)6 
any mass scale: 


mlt) < (M/ Malt) 7" 
where My is the baryon charge within the horizon at r: 
Multi) = MultoXai/a) (t/t 
Thus in an initially uniform universe 
Bua(to) < (a1/a0) l/t) P IM/ Mul to)! 


The actual universe is observed” to have ôw=1 ona length- 
scale rą=3h > Mpe (where h= H,/100); since Cly = 
3,000 A~’ Mpc, we need Sy. = 1 for 


M,/My= 10° (7) 


This requirement, the Friedmann relations between a and t, and 
equation (6) put a lower limit on (a,/ao), that is an upper limit 
Zmax ON the redshift at which fluctuations can be created by a 
causal process. The reason for this limit is that with an initial 
spectrum of the form of equation (2) the amplitude (8e/p)y on 
the horizon scale (or any constant fraction thereof) decreases 
with time; although the amplitude of fluctuations increases, the 
universe actually grows ‘smoother’ with time. No classical 
process at a redshift greater than Zma; can generate fluctuations 
which give rise to the observed structure. 
Now in a hot universe”? 


(€1/@o) = (h1/ tea) leal to)" (8) 
where the epoch of equal matter and radiation densities is 
(teq/ to) = 107 ($/10°)? (9) 


where S denotes the specific entropy in the fireball phase (again 
assuming QA? = 1). The maximum redshift at which fluctuations 
can form if Nh* <1 is 


yo Zma < 10" (8/108)? (10) 
corresponding fo a total (radiation + matter) density 
ers 2x 107 (8/1094 gem? (11) 


But a high-értrépy plasma with S »1 is known to be stable 
against any instability of the type required up to p = 10'* g cm™?, 
so there is never any opportunity for fluctuations to form 
however matter behaves’* at higher densities. The conclusion is 
that in a hot universe the macroscopic structure of the universe 
cannot be explained by any conventional physics—it must ori- 
ginate at an epoch when either classical causality or mass—energy 
conservation breaks down, and therefore lies in the domain of 
some theory of ‘quantum gravity’. This conclusion (which has 
been assumed by most authors) remains valid even for ‘tepid’ 
universes’ with a primordial $ as low as 10. 

Let us consider a cold degenerate universe OY with S$ < 1. 
Particle interactions which might cause phase instabilities can be 
important even at relatively modest densities ~1 gcm”, as in 
the models of Zel’dovich and Layzer where the cosmic medium 
shatters due to solid-body or Van der Waals forces. The maxi- 
mum redshift for forming fluctuations in a pressureless ( p « pc?) 
universe is 


Zmax = (M,/My(te)) 1°? = 10" (12) 
corresponding to a density of 
prs 2x10"% gem” (13) 


so the limits imposed purely by causality present no problem for 
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this type of model—there is a wide range of z in which fluctua- 
tions could be generated. Equation (13) shows that for any 
primordial $ and any assumptions about supernuclear matter, a 
phase transition at strongly supernuclear density cannot by itself 
explain cosmic inhomogeneity unless correlated domains form 
on scales much larger than the horizon—again, requiring either 
special (non-uniform) initial conditions or a modification of 
general relativity 328 We also know, from equation (11), that if a 
phase transition at nuclear density generates too much entropy 
(that is § = 10) it cannot be responsible for cosmic structure, so 
our model is const ined to remain cool. 

lace more stringent limits on ¢, by considering the 
process in more detail. Ina shattering- or cracking-type phase 
transition, the size of the lumps created, and hence the distance 
over which matter i moved, is determined not by the velocity of 
light, but by the velocity of sound. Thus in equation (4) we 
should replace Mu by: Ms: 


Bult) S s(M/Ms)"””° (14) 
















where ae: 

(Ms/ My), = (esl)? = (p/p)? (15) 
Because pressure forces balance cohesive forces in the solid 
phase, this condition is equivalent to Layzer’s: the characteristic 
size arises because if the expansion energy of a ‘fragment’ 
exceeds its cohesion energy, it shatters into still smaller frag- 
ments until the two are about equal. Let us assume that the 
cosmic medium consists of e`, p*, and v in equal abundance’® 


so that the pressure | due mainly to degenerate relativistic 
electrons and neutrinos. Now p = p/3 when the Fermi energy of 











the electrons E= m, t hereafter, p/p decreases as a™' until 
E,~m,c’, and then like a”. Thus 
(Ms/Mu).. £ (3a,/a2)” ae (16) 


where a; is the scale factor when E,=m,c’ (ref. 14): 
z: = (ao/a2) = mocna P/r =8 x 10'* (17) 


But then equations (14), (7), and (1) say that the sound speed 
decreases so fast with z that the final fluctuations are maximized 
if z ~ Zmax, that is, instabilities at lower or higher redshifts are 
always fundamentally insufficient to produce the observed clus- 
tering, but if a cold universe is unstable at nuclear density the 
amplitude is about right. (In fact, Zel’dovich and Layzer find 
that the amplitude of fluctuations from planet-sized lumps 
resulting from shattering at p ~ 1 is insufficient and needs to be 
supplemented with subsequent growth far in EXCESS of the linear 
growth rate (equation (1)). 

Thus, if a phase transition occurs in cold matter at 
p ~ 10° g cm” it would yield lumps of order the horizon size 
at that epoch, the Chandrasekhar mass: 


Mua = (he/Gm?2)??m, =2Mo 


and would produce (p/p) = 1 on present day mass-scales of the 
order of 10'7-10'°M a, possibly eno explain the observed 
astronomical inhomogeneity. The surprisir g thingi is that such a 
phase transition probably exists'**". ie 

Recent theoretical work on the composition ofc cold matter in 
neutron stars indicates that the favoured phase at p> 
10° gcm™* is probably a solid Bose lattice of held in place 
by strong nuclear forces". At lower densities rmi energy 
of pion decay products decreases, and at some the equili- 
brium state becomes a Fermi gas of baryons and leptons. A 
additional uncertainty is introduced in cosmological cold matter 
because the relative chemical potentials of fermion species 
depend on the cosmological lepton—baryon ratio 1,/n, (in 
neutron stars lepton number is not conserved because neutrinos 
can escape). Although more calculations are necessary to 
include this effect, it seems likely that a phase transition from 
pion condensate to Fermi gas occurs for at least some values of 
n,/ng. This phase transition is of the right type, and occurs at 
-about the unique right time as calculated above, to produce the 
observed astronomical inhomogeneity. 
























Internal energy/nucleon (MeV) 


Density (25) 


Fig. 1 Equation of state of cold matter around nuclear density. 


Figure 1, after Irvine'*, shows the specific internal energy of 
cold matter E(p) near nuclear densite p)>=3x 10“ gem”, 
There are theoretical uncertainties (shaded region), but it is 
clear that at zero temperature the conditicns for thermodynamic 
instability’ exist: 

(GE/dp) <0 
(VP E/ap*)<0 


which require the solid Bose condegsate to shatter at ~2py into 
macroscopic fragments. (Note that fatter with S 1 would not 
have this property: the internal energy then Miles monotonic. 
ally with p because it is are by ther h 

neutrinos. ) Chaotic conditions an largi 


(18) 


















As the Jeans mass in va unive 


compact bounds 
mass’. We also kno 
of a Chandrasekh in 4 


natural ae es for the cherg, By i i T 

the microwave b ackground in: acold mod 
There are some weak poirits ift : 

also provide cruial obsepvations i és 







jos ers ] ‘if it oniy z gra avita» 





with only the linear. iiai ie ale ve al on (1)): and (3) the 
cosmic helium abundance anot be calculated—even if hy {Ay 
were known, the chaotic conditions caused by the phase tram- 
sition would invalidate previous cold-universe calculations'°?? 
by increasing the entropy and upsetting tre equilibrium. abune 
dance of various particle species (for example, collapsing frag- 
ments would squeeze neutrinos into the confining Fermi gas). 
The first two of these problems can be solved by invoking 
hydrodynamic effects, for example, primerdial fragments may 
form into super-massive exploding stars? =° which could unbind 
dense systems on scales <10'7M. and/or amplify fluctuations 
on scales 10° s M s10 Meo. Such objects would certainly 
leave an imprint on the anisotropy” and spectrum™ ™® of the 
microwave background; they might also create helium and/or 
deuterium”. A fairly rigorous predicticn of any shattering 
model is that present-day fluctuations on scales > 10 Mpc should 
be unaffected by such events and should still show the original 
(5p/p)<xM~"’* spectrum. | 

Although there are complications with a cold big bang, it is 
clear from the preceding discussion that .any other model 
attempting to produce structure in can initially uniform universe 
is likely to encounter difficulties of a muca more fundamental 
nature unless it tampers with clas ical general relativity. If the 
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Structure we see today is not the shattered remnant of a cold 
universe, then it must be a relic of the preclassical era. 

I thank Bernard Carr, David Layzer, P. James E. Peebles and 
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Discrete white cloud systems have long been recognized as a 
martian atmospheric phenomenon. However, it was not until 
the Mariner 9 mission in 1971-72 that the cloud systems were 
found to be closely related to topographic features, in particular, 
the giant volcanoes on the Tharsis Ridge. Using the available 
Earth based observations, Smith and Smith’ investigated the 
seasonal and diurnal behaviour of the clouds the Olympus Mons 
and Elysium regions. They found that the cloud activity was 
generally confined to late spring and early summer seasons in the 
northern hemisphere. This corresponds to L, = 60-150°, where 
L, is the aerocentric solar longitude and L,=0 for spring 
equinox in the northern hemisphere. The Viking Orbiters have 
observed martian atmospheric phenomena for eight seasons. 
During this period, the volcanoes have been frequently, but 
often irregularly, monitored. Unfortunately, the changes in the 
spacecraft orbit have meant corresponding variations in the 
surface resolution,.viewing geometry and local times of the 
observations. However, the available observations do provide 
important new insights into the diurnal properties of the vol- 
canic cloud systems, which we describe here. 


0028-08 36/80/300362—03$01 00 


Nature Vol. 286 24 July 1980 


Cloud systems appear over the volcanoes in certain seasons of 
the martian year, and these spacecraft observations are in 
general agreement with the times of meteorological activity 
suggested by the ground based studies of Smith and Smith’. In 
the Elysium region, clouds were observed during the period 
L,=46-141°, while during L, = 230-17° there was no apparent 
atmospheric activity. Except for a period between L, = 2100 and 
L, = 300°, some form of cloud activity was observed throughout 
the year in the Tharsis region. However, this period of apparent 
inactivity corresponds to the time of two major dust storm 
events observed by the the Viking spacecraft (see, for example, 
ref. 2). This area of the planet was noticeably dusty, and 
frequently only the summits of these volcanoes were visible 
through the dust clouds. During these dust storms, the atmos- 
pheric water vapour abundance was greatly reduced’ as the 
particles absorbed the atmospheric moisture. Furthermore, the 
thermal properties of the atmosphere were also affected by the 
presence of the dust, suppressing the diurnal variation and 
reducing the vertical structure**. These substantial changes to 
the thermodynamic state of the atmosphere account for the 
absence of clouds due to the dust storm period. 

The cloud systems observed from the Earth cover areas of 
10°-10° km? and are first seen at periods around local noon. 
From Viking studies, we have found many much smaller clouds 
in the Tharsis region, occupying regions of only ~5 x 10° km’, 
which often develop in the early morning. Figure 1 shows such a 
localized cloud system for the Ascraeus region at L,= 225°. 
Here we concentrate on a study of the diurnal properties of 
orographic cloud systems, monitored near Elysium, Olympus 
Mons, and the two northern peaks of the Tharsis system. 

Figure 2 shows the development of a cloud system associated 
with Elysium from 07.00 to 12.51 LT at L, = 92.7°, shortly after 
summer solstice. All of the clouds seen here are smaller than the 
classic afternoon clouds seen from the Earth. Each of the views 
in Fig. 2 were imaged in four filters. By comparing these images 
condensate clouds can be separated from surface details 
produced by slopes which appear as bright areas through all 
filters. In the first three pictures, the sunward facing slopes are 
brightly highlighted in a manner frequently observed at Ely- 
sium. The clouded western flanks show greatly reduced contrast 
as the wavelength is increased, unlike the sunward slopes which 
appear equally bright at all wavelengths. At 07.00 LT, the entire 
region is lightly clouded and surface features may be seen 





Fig. 1 Viking Orbiter 1, revolution 225, frame 5. A turbulent 
region of cloud is observed on the western flanks of Ascraeus Mons 
for 14.03 LT through a violet filter for L, = 210°. 
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Fig.2 The daily cycle of a cloud in the lee of Elysium Mons is shown as five time-sequence photographs taken between 07.00 and 12.51 LT. The 

LT of the frames are 07.00 (a), 08.28 (b), 09.56 (c), 11.23 (d) and 12.51 (e). The arrow-shaped lee wave cloud on the extreme left photograph ts 

replaced by an almost circular region of cloud on the extreme right photograph. These photographs were taken by Viking Orbiter 1, orbit 710, 
through a violet filter for L, = 92.7°. 


through the denser patches, although with reduced contrast. The 
most prominent cloud is seen to the WNW of Elysium in the 
vague shape of an arrow whose head points towards the summit 
of the volcano. This cloud is more opaque than the mist in the 
surrounding region. The region has apparently not changed 
appreciably in the second view, obtained at 08.28 LT. The cloud 
to the WNW is still quite apparent although it is more concen- 
trated than in the earlier view. By 09.56 LT (Fig. 2c), this cloud 
has clearly split into two pieces, with the main portion displaced 
substantially towards the north, while a plume, reminiscent of 
those seen in the Tharsis region® appears to the west. The larger 
component of the cloud is roughly 100 km in diameter. 

The cloud’s rapid growth seems to be starting in the 11.23 
view shown in Fig. 2d. The dimensions of this cloud are roughly 
200 km, so that the effective area has roughly quadrupled in the 
hour and a half since the previous picture. The region is some- 
what hazy, and a field of scattered clouds seems to be developing 
to the north-west of the main cloud. The approximately 70° 
emission angles roughly double the effective optical depth from 
the earlier view and, therefore, enhance the haziness of the 
region. In the final view 12.51 LT, the cloud has grown to 
dimensions of ~350 km. 

Figure 3 summarizes a diurnal sequence in the vicinity of 
Ascraeus Mons for L, = 121.5°. The first images, corresponding 
to 05.50 and 07.30LT show a pervasive fog which nearly 
obscures surface features on the flanks of Ascraeus. Comparison 
with the USGS topographic map of Mars suggests that the top of 
the cloud bank is ~ 15 km below the summit so that this is a very 
low lying cloud layer. 

The cirrus-like clouds to the south-west of the summit in Fig. 
3a seem to be of the variety catalogued by Briggs et al.f one 
(martian) year earlier. They are well over the terminator and, on 
the basis of their illumination, would have to be at least as high as 
the summit, which is 27 km. Two discrete clouds are seen to the 
west of the volcano in Fig. 34. Ascraeus frequently exhibits 
clouds in this location and they sometimes take the form of 
extensive plumes such as those reported by Briggs ef al.°. 
Apparent shadows suggest that these may be quite high, perhaps 
10-15 km above the volcano summit. This feature is confined to 
the early morning hours at all seasons, and is a lee wave cloud 
system formed on the leewardside of the volcano. These features 
imply the existence of easterly winds at high altitudes in 
agreement with the predictions of circulation models”. 

The general cloudiness at low levels is still seen in Fig. 3c, 
obtained when the local time is 09.26 at the summit of Ascraeus. 
However, a variety of waves are present with wavelengths 
around 10 km. The orientation of the waves suggests stream- 
lined flow around the volcano, but the presence of waves at 
opposed angles may imply a more complicated situation. There 


are no obvious surface features that could affect the flow and be 
identified as the source of the waves. However, in view of the 
wide variety of undulations on the planet, it is still possible that 
these waves are topographically induced. The time localization 
of these phenomena suggests that they may be the result of a 
change in the characteristics of the boundary layer which is 
strongly influenced by the thermal properties and opacity of the 
atmosphere. Bright areas to the east of the volcanoes are 
probably incidence angle effects since they have disappeared in 
the later view. It is not possible to make a more positive 
statement because the images are available only in the violet 
filter (450 nm). 

By 11.23 LT (Fig. 3d) large clouds are seen developing to the 
west and south of Ascraeus and to the west of Pavonis, which 
suggests that these are the nuclei of two components of the w 
cloud monitored by the Earth based observers (see, for example, 
ref. 11). Cloudiness is also seen to the east of Ascraeus towards 
the canyons and the clouds in these peripheral areas appear 
distinctively convective. Estimates of heights from other 
pictures using presumed shadows suggest that these clouds are 
relatively low with altitudes of 4.5-6.5 km above the surface. 

The present visible observations are supported from the 
Orbiter measurements of the thermal characteristics and water 
vapour distribution of the atmosphere. This then allows the 
composition of the clouds to be determined by the procedures 
developed by G.E.H.”. We find that the low lying fogs and the 
convective afternoon clouds (see also ref. 10) are water ice 
clouds. In this season, the atmospheric temperatures are far 
above the CO, condensation temperatures. The cirrus-type 
clouds are more difficult to characterize owing to their very 
diffuse nature. Certainly, as Hunt’’ has shown, we cannot yet 
exclude the possibility of CO, clouds at these high altitudes. 

The diurnal development of clouds, shown in Figs 2 and 3, is 
related to the local stability and circulation of the atmosphere as 
influenced by the topography and local thermal properties of the 
surface. The volcanic areas have low surface inertias and this 
permits unusually large diurnal temperature variations in these 
areas'’. Night-time cooling produces denser cold air at low 
elevations favouring the formation of the observed radiation 
fogs in the early hours of the morning. The water vapour content 
of the martian atmosphere seems to be limited by the amount 
which can be contained in a saturated, night-time atmosphere '*. 
Regions of locally large cooling are, therefore, favoured sights 
for fogs. The atmospheric stability associated with these condi- 
tions, together with the downslope winds, favour early morning 
gravitational wave effects such as are seen particularly in the 
Tharsis region. 

The rapid warming of the surface as noon approaches will lead 
to increased lapse rates and, perhaps, to eventual instability. 
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Fig.3 The morning cycle of cloud in the vicinity of Ascraeus Mons shown as four time-sequenced photographs, taken between 05.50 and 11.23. 
The LT of the frames are 05.50 (a), 07.30 (6), 09.26 (c) and 11.23 (d). The scale and direction of north are shown. These photographs were taken 
by Viking Orbiter 1, orbit 774, through violet filter for L, = 121.5°. 


Lindal et al.'* have noted that lapse rates approach adiabatic 
only in these latitudes and seasons. The resulting convection will 
produce cumulus-like clouds by adiabatic cooling; this is 
supported by observations of such clouds in the region. Upward 
circulation in the atmosphere has been predicted to the west of 
the large volcanoes due to thermal forcing effects'*. Cloud 
formation will also be enhanced by this convergence due to the 
positive vertical velocities; winds from the west due to this low 
level convergence may also contribute to adiabatic cooling of the 
parcels of air as they are carried up the slope of the Tharsis 
Ridge. The combination of these three effects seems plausible as 
an explanation for the diurnal cycle observed. 

The reason for the pronounced seasonal variation is less easily 
seen, however, The spring and summer seasons in the northern 
hemisphere correspond generally to higher insolation and larger 
water vapour content in the atmosphere than does the rest of the 
year. As both factors should influence cloud formation, the 
general correlation is not surprising. However, in detail these 
factors fail to explain the abrupt boundaries of activity at 
L,=60° and L,= 150° for Ascraeus and Elysium. The water at 
25°N peaks at L, between 140° and 150°, when the cloud activity 
is ending, and only gradually drops to equinox'*. The large 
martian orbital eccentricity causes the insolation at noon at 25° 
latitude to be actually greater at the equinoxes than at solstice. 
Possibly, circulation changes when the south cap becomes sta- 
tionary at L,~ 150° may effect the change; such circulation 
changes, from easterly to westerly winds, are predicted at that 
time by GCM’. If this change from easterly to westerly winds 
occurs the formation of convective clouds to the west of the 
volcanoes may be inhibited. 

The Tharsis volcanoes are cloudy for a more extensive period 
and this is consistent with all these factors as the circulation and 
insolation at the equator do not vary as they do to the north. The 
cessation of activity from L,= 210° to L, = 300° is clearly asso- 
ciated with the major dust storms. These not only reduce the 
water content of the atmosphere drastically, but also tend to 
make the vertical profiles more isothermal than would normally 
be expected. 
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Black-body radiation as an inertial 
confinement fusion driver 
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To ignite a thermonuclear microexplosion a power source of 
210'W is required with an energy of 210° focused down to 
<0.lcm. To meet these driver requirements, charged particle 
beams’ and even hypervelocity projectiles’ have been proposed as 
an alternative to lasers for which an energy 2 10°J is considered 
very large. Although charged particle beams and hypervelocity 
projectiles promise much larger energies the problem of the 
large driver power of 210'* W remains. We propose here a 
two-stage driver concept which eliminates this problem. In it the 
initial energy is drawn from any of these drivers but is used here 
to generate an intense black-body radiation source. This black- 
body radiation is then used to drive the thermonuclear 
microexplosion target. This concept not only permits the initial 
driver power to be reduced by about two orders of magnitude 
from 210'* W down to a few 10° W, but also greatly relaxes 
the beam-focusing requirements as compared with direct pellet 
fusion. 

The idea is depicted in Fig. 1. The thermonuclear target T is 
placed inside the centre of a small cavity filled with a tenuous 
high atomic number gas. for example. krypton or uranium 
hexafluoride. The inside of the wall is lined with a dense 
material P. for example gold or uranium, P ts surrounded by 
an ablative layer A of low atomic number material. Beams B 
hitting the ablator from all sides ablatively implode the cavity. 
The implosion makes the wall P implode with the velocity r 
into the tenuous gas inside the cavity. This results in a shock 
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Fig. 1 The two-stage driver equipment: T, thermonuclear 
target; P, lining of dense material surrounded by an ablative 
layer A. Beams B, hit the ablator from all sides. 


wave moving into this gas. The temperature T behind this 
shock wave is related to the implosion velocity? and one finds 


A 


T=——_v’ 1 
3R(Z +1) 3 
where A is the atomic weight, R the gas constant and Z the 
degree of ionization. Z depends on T and a useful 
approximation is 


Z~6.6 x 10°-*T°*! (2) 


The shock-heated high temperature gas, by bound-free, 
bound—bound and free—bound transitions, will then become an 
intense source of photons, and as a result the kinetic energy in 
the shock wave will be rapidly converted into black-body 
radiation. This happens on an atomic time scale of <10°*s. 
The resulting black-body radiation is further compressed and 
greatly amplified by the cavity implosion, and is finally 
delivered to the target surface, assumed to be spherical of 
radius r, at the rate 


P(t)=4ar5oT* (3) 


where o is the Stefan—Boltzmann constant. A power of 10'* W 
for a pellet surface of ~10~'cm? is reached at a temperature 
of ~3.6x 10°K. To store energy of ~10’J at this temperature 
in the form of black-body radiation would require a volume of 
75cm?; this suggests we use higher temperatures, as for a 
given energy the volume decreases as T~*. For T= 107K the 
cavity volume would be only ~1.3cm*. In the absence of 
photon losses through the cavity wall the black-body radiation 
changes with the cavity volume V as VT*=constant, or with 
the cavity radius r as rT=constant. Therefore, if the initial 
cavity temperature is T=5 x 10° K, a twofold reduction in the 
cavity radius would raise the temperature to 10’ K with a 2* 
fold increase in the radiative power delivered to the 
thermonuclear target. The initial and final radiative power 
would thus be ~3.6x10'*W and 5.75x10'°W. From 
equations (1) and (2) to reach the initial temperature would 
require A=200, v=46km s`’ and krypton with A=83, v 
~7ikms"'. 

To make a shock wave in the tenuous gas the collision 
mean free path must be small compared with the cavity radius 
and one finds that the atomic number density must be 
>10'®cm~ >. On the other hand, to store most of the incident 
energy into black-body radiation, the gas density cannot 
exceed ~10?7'cm~*. Finally, if the thermonuclear target were 
to be bombarded with the full power derived from the Stefan- 
Boltzmann law, the cavity would have to be optically 


transparent, because otherwise the photons would diffuse 
through the gas at a much lower averege velocity. Whether or 
not the gas is optically transparent is determined by the 
opacity coefficient* 


K~4.34x 107**pT °° (4) 


from which the photon path length 4,=(xp) * is derived. To 
make 4,>r~1cm requires p$0.3g cm” *, which for A= 200 is 
an atomic number density of <10-'cm~*. Therefore, an 
atomic number density of ~10'?cm~* would satisfy all the 
conditions. 

The concept depends on the black-body radiation photons 
being sufficiently confined during the cavity implosion. 
The diffusion of the photons through ‘he cavity wall is given 


by the energy flux 


=e = (aT? (5) 


where a=4a/c. À, is the photon path length in the wall, which 
like the path length in the cavity must be computed using 
equation (4). Putting j=aT*v, and O(a7*/0x)~aT*/x where x 
is the distance the photons have trave led into the wall with 
the diffusion velocity vy, one finds 


vale = (1/3)(A,/x) (6) 


For T=10’K, p=18g cm~* (uranum) one finds 4,> 

*2x10>4cm, and requiring x<r~lem, that p,>20km s '. 
Therefore, a cavity implosion velocity of »p250km s~' should 
be sufficient to confine the photons effec ively. 

Because the radiation flux absorbed by the thermonuclear 
target is inversely proportional to the opacity of the target and 
which according to equation (4) is proportional to T~ > *, the 
power absorbed will rise in proportion to T’ * or r~ ` *. If, for 
example, the cavity radius decreases twofold, the power 
absorbed increases by the factor 2’ *~ 130. Most of the energy 
is, therefore, delivered to the pellet at peak power towards the 
end of the implosion process. This power amplification is due 
to the initial driver energy intermediately stored here in the 
form of black-body radiation which is only delivered at the 
end of the implosion process. Because of this the initial driver 
power can be reduced by a factor of about 100. 

The short wavelength of the black-body radiation, given by 
hv =kT, and which is in the soft X-ray Gomain. is much better 
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Fig. 2. A combination of the two-driver process with impact 
fusion. P, a hypervelocity projectile; C, conmal cavity carved out 
of the anvil, AN; T, thermonuclear target. 
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suited than laser light to reach high density target 
compression, as it is matched to a plasma frequency of ~10* 
times compressed hydrogen. Furthermore, because of the 
isotropy of the radiation, there is no stimulated Brillouin 
backscattering as in laser fusion. A likely candidate to drive 
the cavity implosion seems to be an intense light ion beam 
(which can already be produced at the required power level) 
which is sufficiently well focused because the target area of the 
cavity is much larger than that of the pellet. 

The rather low implosion velocity of ~50km s~! suggests 
combining this concept with impact fusion where a 
hypervelocity projectile P accelerated to v~50km s`! 
implodes and amplifies black-body radiation in a conical 
cavity C carved out the anvil AN with the thermonuclear 
target T inside this same cavity. This concept is shown in Fig. 
f | 
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One approach to controlled thermonuclear fusion for power 
production requires the irradiation of centimetre-size targets 
containing heavy hydrogen (D-T) fuel by intense charged 
particle beams (CPB). Beam energy and pulse length require- 
ments are ~1 MJ and 10 ns. In certain studies’ the CPBs are 
beams of light ions, such as helium, with kinetic energies per 
nucleon in the range 1-5 MeV. These beams can be transported 
by preformed, current-carrying, plasma discharge channels. The 
fields from the channel currents (supplied by capacitor banks) 
confine the CPBs. These channels can be laser-initiated in a 
background gas that has a pressure between 10 and 100 torr. 
This gas blanket enables first wall loading, by X rays, shocks 
and thermal radiation to be mitigated. Although intense rela- 
tivistic electron beams (REBs), which were developed before 
intense light ion beams, have achieved higher intensities’, ion 
beams have more favourable deposition characteristics in 
targets’. Proton beams have driven exploding pusher targets“ to 
implosion velocities of 20 cm ys‘ and have attained power of 
~1 TW cm”, which is a factor of 40 below that estimated 
(G. Allshouse, personal communication) to be necessary for 
target ignition and for net system energy gain. To close the gap 
between present capabilities and future requirements, beam 
bunching and beam overlap are being studied. The current 
density gain G is important to the CPB overlap process and is 
the ratio of beam current density at the target surface to that of 
the individual beams in the transport channels; it depends on 
particle species, transverse energy, geometry of the channel- 
target interface, and so on. Detailed calculations’ ’ indicate that 
for electron beams, G < 3, while for practical cases of light ions, 
G can exceed 10. This is due to the difference in masses and 
effective temperatures of the two types of beams. Sources 
providing multiple ion beams are not available to test this 
overlap theory experimentally, hence it has been tested using a 
multiple electron beam system. Here we outline the experiment 
and describe the apparatus, and then summarize the theoretical 
treatment of beam overlap, describe diagnostic procedures, and 
compare the experimental results with calculations. 
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Fig. 1 R-Z trajectory plot for beam electrons incident on a 1.9 

cm o.d. target cylinder. Target zoning for deposition analysis is 

indicated but trajectories inside the target are suppressed. Ip, Ic, 

and Jp are magnitudes of the beam currents, channel conduction 

currents and return currents (37c), respectively; directions of the 
electron flows are indicated by the arrows. 


Several electron beams were generated simultaneously and 
transported through plasma channels”” to a common cylindrical 
target. Targets with different diameters were used, and the total 
energy delivered to the targets was measured. As the diameter 
of the target decreases, progressively less of the energy reaches 
the target. The experiment aimed to measure the dependence of 
delivered energy on target diameter and to compare this with 
theoretical predictions. Agreement would imply that the physi- 
cal models are correct in the present energy density regime, 
however, further work would still be required to investigate 
collective effects which may be important with higher-energy 
density systems'*'°"'?, 

The electron beam source was the Proto II accelerator” at 
Sandia National Laboratories. The front end of the accelerator 
could drive 12 separate electron beam diodes in parallel. These 
diodes were arranged in coplanar fashion in a 1-m diameter 
circle. On each accelerator shot, 12 pinched electron beams 
were generated, with six of these being stopped by 0.64 cm-thick 
solid aluminium or copper anodes. The other six were extracted 
from the diodes through thin compound diaphragms in the 
centres of the anodes. The six extracted beams were transported 
by preformed plasma channels of which the target was the 
common terminus. The channels were formed in parallel by the 
discharge of a 20 uF capacitor bank system charged to 65 kV. 
System inductance was 330 nH. The six plasma channels used 
for beam transport were formed in the ambient laboratory 
atmosphere and were guided by 25 um diameter tungsten wires. 

The phenomonology and limitations of plasma channel 
transport have been discussed in more detail elsewhere’. Basi- 
cally, the channels start with initial diameters <1 mm and 
expand with radial velocities of ~ 1.5 mm ps ‘. The central part 
of each channel consists of singly ionized air at a few electron 
volts temperature, with a mass density reduced below ambient 
by a factor near four. There is much evidence that the tungsten 
wire plays a role only in initiating the discharge, and that it does 
not ‘explode’ nor affect subsequent channel dynamics. Thus the 
channels’ features should be the same as if they had been 
laser-initiated, As the channels expand, the current rises to a 
peak in 4 us; at this time the accelerator is fired. The conduc- 
tivity of the channels is high enough to provide space-charge and 
current neutralization of the beam fields. Thus, ideally there are 
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no collective effects, and the beam is guided only by the channe! 
fields from the channel current. Consequently the peak current 
in each channel must be the Alfvén current, which is ~65 kA for 
the 1.5 MeV electrons. 

For this experiment, Proto II was operated in a mode that 
provides a pulse with nominal parameters of 1.5 MV, 3.5 MA, 
20 ns FWHM, 5 TW, and 100 kJ. Thus the energy and power of 
each individual beam were ~8 kJ and 0.4 TW, and were 
transported 0.46 m. The aluminium targets had diameters rang- 
ing from 6 to 32 mm. 

The time independent theoretical model for channel transport 
is based on an earlier technique'’* which combines coupled 
electron/photon collisional transport with electron transport in 
static, externally applied electric and magnetic fields of arbitrary 
spatial dependence. As the relatively short pulse REBs are not 
injected until the highly conducting plasma channels have been 
well established, the electrons of the charge and current neu- 
tralized beam are assumed to follow single particle trajectories 
in the quasi-static externally applied field of the channel 
conduction current. While the material geometry in the 
numerical model is constrained to be two-dimensional, cylin- 
drical, and invariant with respect to rotation about an axis of 
symmetry, particle trajectory descriptions are fully three- 
dimensional. This three-dimensional capability is essential in 
the present application because of the azimuthal dependence of 
the multibeam source and because of the preferential orien- 
tation of the X-ray pinhole camera whose exposure environ- 
ment is to be predicted by the model. 

Figure 1 shows an R-Z plot of a random sample of tra- 
jectories for a 1.91-cm o.d., 1.27-cm i.d. cylindrical target. Only 
that portion of the electron trajectories outside the target is 
plotted. Experiments have confirmed efficient transmission 
along the plasma channels”. Consequently, trajectories are 
initiated in the model calculations at a distance of one betatron 
wavelength (~2.3 cm) beyond the geometrical beam ‘overlap 
radius’ (~1.2 cm) to ensure spatial phase mixing’*. The overlap 
radius is defined as the radius at which the edges of the individual 
beams and channels start to merge. The magnetic field is a 
superposition of the fields due to the six-channel conduction 
currents and the axial return currents in the target cylinder. Field 
effects are ignored inside the solid target because of the high 
collision frequency. On the other hand, collisional effects are 
ignored outside the target. 

Because the target radius is about three-quarters of the 
geometrical overlap radius in this calculation, ~100% of the 
beam strikes the target’. The beam/target coupling efficiency 
(per cent of the beam energy deposited in the target) is about 
80%. Fig. 1 shows most of this energy is deposited within the 
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Fig. 2 X-ray pinhole photograph of six beams incident on a 
1.9-cm o.d. target. The vertical axis of the cylinder is indicated. 
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Fig. 3 Beam-target coupling efficiency as a function of target 
radius. For the 2-MeV proton reference calculation, the maximum 
angle of injection of protons into the channels was taken to be 8 


beam radius. A few of the reflected electrons reenter the target. 
However, the majority of the reflected electrons (~20% of the 
beam energy) is lost through axial drift in the fieid of the return 
currents. 

The numerical model was also used to predict the coupling 
efficiencies and three-dimensional energy deposition profiles as 
a function of the target o.d. In addition, spatially and spectrally 
resolved predictions of the X radiation emitted within a small 
solid angle about a direction corresponding to the orientation of 
an experimental pinhole camera were obtained. According to 
the calculated results, the total X-ray emission in the direction of 
the pinhole should be proportional to the coupling efficiency. 

The fraction of the beam energy transported to the central 
target cylinder was determined from measurements of the 
bremsstrahlung produced by the electron beams. An X-ray 
pinhole camera in the plane of the transport channels viewed the 
cylinder transverse to its axis. Thermoluminescent dosimeters 
(TLDs) were positioned at one end of the central target cylinder. 
Additional TLDs were placed behind the solid aluminium 
anodes of those beams which were not transported to provide a 
reference measurement of the dose expected when 100% of the 
electrons were stopped in aluminium. 

Both diagnostics relied on the theoretical calculations 
presented above for interpretation of the results. The absolute 
TLD measurements were calculated to depend strongly on the 
kinetic energy of the electrons striking the aluminium (roughly 
as the square of the energy). The uncertainties in the absolute 
voltage monitor calibrations would have made this technique 
inaccurate if only one TLD reading had been made. However, 
the ratio of the TLD doses from the cylindrical targets to those 
from the solid anodes was calculated to be independent of 
voltage, to within the accuracy of the Monte Carlo calculation, 
over the range 0.5-1.6 MeV. This ratio was used to determine 
the transport efficiency for the 3.2-and 1.9-cm diameter cylin- 
ders. 

The presence of electron drift losses near the ends of the 
cylinders would have complicated interpretation of TLD data 
for the smaller diameter cylinders. However, the X-ray pinhole 
camera was able to resolve this loss spatially and thus was used to 
infer the transport efficiencies to smaller cylinders. A typical 
X-ray photograph is shown in Fig. 2. Previous work’® has shown 
that the image on the developed film is proportional to the 
energy absorbed in the film emulsion in this regime, and 
absolute calibrations were not required. The spatial dis- 
tributions in the X-ray images were in good agreement with the 
theoretical predictions. The observed X-ray intensities were 
compared with the predicted intensities Calculated using the 
techniques described above. By normalizing the experimental! 
photographic intensities to the theory for the 3.2-cm diameter 
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cylinder, the absolute transport efficiencies could be inferred for 
smaller diameter cylinders. 

Figure 3 compares the transport efficiencies predicted using 
¿the numerical model and the experimental data. Surprisingly, 
_ the agreement between theory and experiment is much better 
* than possible inaccuracies predict. The only significant dis- 
‘agreement occurs for the smallest eylinder for which the 
~ measurement is ~5% below the calculated transport efficiency 
of 19%. This result is strong support for the models used to 

calculate plasma channel formation, channel overlap geometry, 
electron and photon transport, and for the experimental pro- 
_ cedures used. Figure 3 also shows a calculated prediction of 
transport efficiency for protons injected into the same channel 
_ system used here for the electron beams. The ions would reach a 
smaller radius with higher efficiency than do the electrons, and 
thus would irradiate a target with higher power. This result, 
- along with their more favourable energy deposition properties” 
-and the recent rapid advances in ion diode research'*, makes 
light ions more attractive than electrons for ICF use. 
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Opto-acoustic study of weak 
optical absorption of liquid methane 


C. K. N. Patel, E. T. Nelson & R. J. Kerl 
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The first opto-acoustic absorption spectra of liquid methane at 
“94K in the region of 5,500-7,500 A is reported here. The 
- -observed absorption bands are very weak with peak absorption 
^ coefficients of 16 x 107° to 1x 10~* cm™ and are of importance 
_ in the study of spectra of outer planets (such as Jupiter and 
' Neptune) for detecting the existence of liquid methane on these 
` planets. 
Methane is a minor constituent of the atmospheres of the 
` outer major planets’, Uranus, Neptune, Jupiter and Saturn, as 
well as of Titan, the largest satellite of Saturn. This is deduced 
from the absorption bands of CH, which dominate the visible 
` and near IR spectra of these planets’. The long effective optical 
path lengths in the atmosphere of these planetary bodies enables 
the absorption bands to be readily observed using ground based 
- telescopes. Further, the temperatures on some of these 
- planetary bodies are such that CH, could exist as liquid droplets’ 
or even as an ocean* on Titan. To provide correlations with 
laboratory data, and to deduce the CH, concentration of the 
atmospheres of the above planets from the optical astronomy 
_data, an accurate determination of the positions of these weak 
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absorption bands, their band strengths, and temperature 
dependences is needed. Because CH, at pressures of tens of 
atmospheres or even at liquid densities (~590 amagats) is very 
transparent in the visible region the laboratory data are difficult 
to obtain. Conventional optical absorption spectroscopy in the 
~4,000-11,000 A region has recently been carried out using a 
multipass cell to obtain absorption pathlengths of ~1 km for 
room temperature CH, at pressures up to 20 atm (ref. 5) 
resulting in density-pathlength products of up to 20 km amagat. 
Longer path lengths of up to 3.86 km at lower pressures were 
used in earlier studies'*'’. These data show several absorption 
bands of generally decreasing strength towards shorter 
wavelengths. Conventional optical spectroscopy of liquid CH, 
has been recently reported® in the region of 6,190-19,000 A 
using a cell length of ~3 cm. The sensitivity of these studies, 
however, is such that the shortest wavelength absorption feature 
reported is at A ~ 6,190 A with a peak absorption coefficient of 
~4 x 10° cm™'. The signal-to-noise ratio reported for this peak 
is only about 5 : 1, that is, the 6,190 A peak height is ~5 times the 
system noise. If we extrapolate from Giver’s high temperature 
gas data”, liquid CH, should exhibit weaker absorption bands all 
throughout the visible region (4,000-7,000 A). Measurements 
of these absorption bands are clearly beyond the capabilities of 
the conventional spectroscopy studies of Ramaprasad et al." 
who used a density path length product ~19 m amagat although 
some improvement is possible by using longer (but perhaps 
experimentally difficult) path lengths. Note that the multipass 
long cell technique used by Giver’ is not applicable to liquid CH, 
studies because of obvious practical problems. 

We report here optical absorption spectrum of liquid CH, at 
~94 K in the 5,500-7,500 A region. Several absorption bands 
are observed, the strongest one being at 13,700 cm™' with an 
absorption coefficient of (1.6+0.2)x10cm™' and the 
weakest one at 15,515cm™ with an absorption coefficient of 
~(1+0.3)x 104 cm™'. The signal-to-noise ratio for the weakest 
peak reported is such that we should be able to observe absorp- 
tion features as small as ~10°~° cm™'. Our measurements were 
carried out using an opto—acoustic (OA) detection technique’ 
which has been shown to be ideally suited for measuring 
absorption coefficients of room temperature liquids at levels as 
low as ~ 10°’ cm™' and which we have adapted for the study of 
cryogenic liquids. The OA cell used in the present liquid CH, 
measurements had an effective density path length product of 
~6.33 m amagat. In addition to the position and the strengths of 
the absorption bands, we report their bandwidths, asymmetries 
and identifications. In general, the absorption peaks arise from 
combinations of harmonics of the various vibrational 
fundamentals of CH,. Further, the absorption bands for liquid 
CH, show asymmetries and frequency shifts (from the gas phase 
data) which are reminiscent of the liquid benzene results*. 

The measurements were carried out using a pulsed laser 
immersed transducer OA gated detection technique’, modified 
for low temperature studies. The all stainless steel OA cell? was 
attached to a liquid N, cryostat such that any desired tempera- 
ture between 80 and 200K can be obtained. Methane 
(Matheson, Ultra-High Purity grade) was directly condensed 
into the low temperature cell and its pressure was monitored 
using a capacitance manometer. Tunable pulsed laser radiation 
was obtained from either a flashlamp pumped dye laser (pulse 
energy ~1-3 mJ, pulse duration r,~1 ws, and repetition rate 
~10 pulses per s (p.p.s.)), or a doubled Nd: YAG pumped dye 
laser (pulse energy ~1-5 mJ, 7,~10 ns, and pulse repetition 
rate ~ 20 p.p.s.). The laser pulse energy was measured using a 
Laser Energetics pulsed joule-meter. The OA signal as well as 
the reference laser level signal sampled by box-car integrators 
were averaged and ratioed by a NOVA 800 minicomputer. We 
thus obtained spectra of normalized OA signal $, = V/ Eino 
where V is the OA signal from the PZT transducer and Eime is 
the incident laser pulse energy, as a function of the dye laser 
frequency. 

The transient acoustical output signal from the transducer (in 
form of ringing due to the 200 kHz resonant frequency of the 
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Tabie 1 Observed data on optical absorption spectrum of liquid methane 


Liquid* 
Peak 

Bandcentre§ absorption) Width 

Feature? (em™') fem” ') (em *) 
1 13,700 1.6x 107 i 180 
20 14,170 1x107 ch 
3 14,585 3x 107% es 
4 14,935 7x10 250 
s 15170 eae a 
6 15,300 oan = 
7 15,410 oe a 
8 15,515 12610" ae 
9 16,090 3x10” 224 
10 16,714 23x10 240 
11 17, 320 2.5 x10 310 








anaren aa aanmanen AE AA EAA 


Gas? 
Bandcentre 

Asymmetry® Identification jem") 
1.69 4py + ya 13,755 
— 3, tira 14,225 
— Qu, +3, 14,652 
2.4 An, +44+ {y2, Pal 14,992 

ES Zra t Zra tira v4} mm 
a _ 15,576 
1.67 Suit; 16,1545 
— 4p, tiv 16,750 
1.38 Sv + pat ipa Fa? 17, 61 


ae: 
ý 
B th 


* T =94 K, density length product 6.3 M amagat. 
t T= 300 K, data from ref. 5. 

+ See Fig. 1. 

§ Bandcentres generally accurate to +5 cm“ 
| Accuracy +30%. 

€ See text for definition. . 


" for strong bands. 


PZT transducer; and the reflections of acoustic waves generated 
from the condensed. liquid) is delayed from the incident laser 
pulse by a delay, tp = = d/ va, where d is the distance between the 
laser illuminated volume and the OA transducer, and v, is the 
acoustic velocity in the condensed liquid. From a measurement 
of Tp versus d we have determined the sound velocity in liquid 
CH, (T =94K) to be v= (1, 455+ 18)ms” 1 This value is 
consistent with the currently accepted value. 

Figure 1 shows the measured spectrum of normalized OA 
signal from liquid CH, at.94 K from 13,300 to 17,800 cm”. 
Several clearly recognizable absorption peaks are indicated. 
Spectral resolution which is typically ~1.5-2.cm -1 is much 
smaller than the ot served widths of the absorption features. 
Note that the only previous measurements of liquid CH, in the 



















visible reported® the strong peak at ~16,090:cm™ with asignal- 


to-noise ratio of < 5. We see many more absorption features 
with peak absorptions which are ~30 smaller than that for the 
16,090 cm™' band. And even for the weak features the signal- 
to-noise ratio exceeds 100 for an integration time of ~1.5s per 
resolution element of 1.5-2 cm™'. Note also that there are no 
regions of spectrum where liquid CH, absorption drops below 
~10°*cm™'. All the observed absorption features show a 
pronounced asymmetry, the absorption tails being longer. on the 
high frequency side of the peaks. . 

As reported earlier”, the normalized OA signal, S., can be 
related to the intrinsic absorption coefficient of the condensed 
material l tironph the relationship 


V Ua PA 
pra = K; {ama j 
S EL Me a (1) 


where 8 is the thermal volumetric expansion coefficient, C, the 
specific heat at constant pressure, a, the absorption coefficient 
(a,/« 1 where l is the sample. path length), and K is.a constant 
that describes the OA conversion efficiency and includes such 
parameters as the geometry of the OA cell, the acoustic 
impedance mismatch between the liquid and the transducer, and 
the sensitivity of the PZT transducer. Thus a knowledge of all 
the relevant parameters in equation (1) is sufficient to extract the 
absorption coefficient from the observed normalized OA signal. 
Procedures such as this have provided an excellent estimate of 
the absorption coefficient of media at room temperature where a 
sensitivity £= S,/a,, calibrated for one liquid can be approxi- 
mated for another of known 8, Cp, and p. An accurate deter- 
mination of the sensitivity 5 for a given liquid requires that a 
suitable dye be incorporated into the liquid medium such that a 
very small concentration of the dye (small enough so that none 
of the parameters of the right-hand side of equation (1) other 
than a, are perturbed) produces an absorption which can be 
measured accurately by conventional optical techniques (and by 


the OA technique). uaa no dii are available for 
the low temperature condensed gases. For the’ ‘present study, 
we have extrapolated our sensitivity measurements from ben- 
zene studies” to obtain absorption coefficient from the 
measured S, for liquid CH,. For the strong absorp- 
tion peak at 16,090cm™', we thus obtain a (16,090)~ 
(3+1)x107* cm’. This value is in a reasona le agreement with 
the one which can be deduced from ref. 6, 

Table 1 shows the data on observed abso 
ing: (1) the band peak frequencies; (2) 1 widths of peaks 
which are sufficiently separated to make such a measurement 
meaningful; (3) band asymmetry parameter defined as the ratio 
of the half-width at half-height on the’ gh frequency side of 
peak to that on the low frequency side of the peak; (4) the peak 












tion: bands includ- 


absorption. coefficient (subtracting out.the broad background 


absorption in case of weak absorption features}; and (5) 
identifications of the peaks, using Giver’ s° scheme for gaseous 
methane. We also show in Table 1 relevant data from the gas 
phase studies of Giver’. l 

(1) There is a systematic shift of 35-50 em: ‘ of ie auld CHa 
absorption peak positions towards low frequency side when 





compared with gaseous CH, data. This shift yught to arise 
from the effect of local environment in ‘liquid CH, and is 
qualitatively in agreement with the data on liquid” and gaseous 


benzene (ref. 11 and R. G. Bray, personal communication). 

Note that our liquid CH, data show well-defined subsidiary 
peaks/ shoulders on the absorption features which are not visible 
in the gas data of Giver". = 

(2) The observed liquid CH, bandwidths vary from ~250 to 
350 cm™ and are much wider than those for gaseous CH4, again 
in qualitative agreement with Tiquid/ gaseous benzene studies. 

The higher harmonics in a given series have larger bandwidths. 

(3) All the observed liquid CH, absorption features in the 
5,500-7,500 A region show pronounced asymmetries with the 
asymmetry parameter varying from ~1.4 to 2.4. The gaseous 
CH, (ref. 5) data on the other hand show no such asymmetry 


Wavelength { am} 


f a ssp TENE EEE he ss E EE , 629 Ox) 585 

& 7 i ; a A zs silicates pe oh a eee i A 
Z 8: 2 \ ;\ Methane A G 4 
S$) JAI Ag {Ag THK j 
= 4 i j Í ‘. \ 2 i i \6 ? a j $ $ i 4 a 
= : f H ` AN Í į ae i $ : 
E? J poA Ww NO YAn OE ae 
3 re) ‘ tf ee a spc asin Stee ams Soca A a E oan senna 

13.500 14.000 44,3060 BON 5.800 %6,.000 +6. S05 res 500 17 208 


Frequency femo') 
ge: 
Fig.1 Normalized OA signal as. a function of dye laser frequency. 
Data including the absolute absorption coefficients for the 
indicated peaks are summarized in Table 1. 
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which is again thought to arise from local environment inter- 
actions in qualitative agreement with liquid/gaseous benzene 
studies (refs 8, 11 and R. G. Bray, personal communication) of 
its harmonic absorption in the visible region. We observe that 
the asymmetry of the absorption is a general characteristic 
feature of the absorption profiles of liquids. | 

(4) From the measured bandshapes one can derive integrated 
band strength (not done here). The absorption coefficients of the 
measured peaks vary from ~1 x 10°* to ~1.6 x 10°? cm™!. From 
the signal-to-noise ratio for the smallest peaks (obtained using 
an integration time of 1.5 s per resolution element of 1.5 cm~’), 
we conclude that we have the ability to measure absorption 
features as small as ~10~° cm™' for liquids at low temperatures. 
The trend of the measured absorption coefficient for liquid CH, 
is similar to that for gaseous CH,, that is the higher the 
harmonics the smaller the absorption coefficients. 

(5) While major peaks have been reasonably well identified as 
arising from the combinations of harmonics of the four 
fundamental vibrational frequencies of CH,, the minor peaks 
are not yet assigned. 

The detailed knowledge about liquid CH, absorption spec- 
trum provided here should now allow us to look carefully at the 
spectra of the outer planets to search for existence of liquid CH4. 
(As pointed out by Ramaprasad et al.°, detection of liquid CH4, 
in form of an ocean on the planetary surface, is likely to be very 
difficult because only surface reflection is involved. However, 
for liquid CH, droplets in the planetary atmosphere, the sunlight 
penetrates and is reflected back from a surface or a cloud layer. 
Thus detection or setting an upper limit of the droplet fraction of 
CH, is feasible if high resolution high quality astronomical 
spectroscopic data are available.) Important information is to be 
gained from the position of the absorption bands as well as from 
their widths and shapes. As is seen above, these three features 
are characteristically different for liquid CH, from those for 
gaseous CH,. For example, the existence of liquid CH, (in the 
form of droplets in the planetary atmosphere) can be deduced 


from the planetary astronomical absorption data if measurable 
differences are found in the peaks (positions, shapes, and widths) 
of the absorption bands (compared to the absorption peaks of 
gaseous CH,). f 

Finally, our demonstration of the usefulness of liquid OA 
absorption measurement technique to low temperature liquids 
opens up an entirely new field of study. The ability to measure 
absorption coefficients as small as 10“ cm™' (an ability which we 
feel can be improved considerably) at cryogenic temperatures 
will undoubtedly provide exciting new data on liquids and solids. 
We have already begun to look at other liquified gases such as 
ethylene, and ammonia which are also important'*""* in the 
atmospheres of the outer planets. We are modifying our OA 
measurement techniques to go to yet lower temperatures ~4 K 
to investigate H, and HD which are the major constituents*> of 
these planets. 

We thank Drs L. J. Lanzerotti and J. A. Tyson for helpful 
comments. 
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thin liquid films in emulsions 
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As a result of interaction forces, the tension of a thin liquid film 
can be lower than the sum of the interfacial tensions of the bulk 
surfaces bounding the film’. To satisfy conditions of mechanical 
equilibrium, this reduced film tension leads to a macroscopic 
contact angle between the film and its associated Plateau 
border’. We have observed and report here very high contact 
angles, in some cases approaching 90°, for aqueous films 
between oil droplets, stabilized by anionic surfactants in the 
presence of various electrolytes. The contact angle is found to 
depend on the nature of the surfactant head group, type and 
concentration of counter-ion, and temperature. These contact 
angles have a pronounced effect on the stability, structure and 
rheology of emulsions. 

Consider the thin metastable liquid film and its Plateau border 
that form when a vertical rectangular glass frame is withdrawn 
from a surfactant solution (Fig. 1). The tension of the film, ys is 
related to the normal bulk interfacial tension, y by? 


he 
y= 2y+OF =2y+{ m(h) dh (1) 
h is the film thicknéss, h. is the equilibrium thickness, a is the 


‘disjoining pressure’, and AF is the free energy of interaction per 
unit area of the film, that is, the reversible work of thinning the 


film from infinite thickness, where the surfaces do not interact, 
down to the equilibrium thickness, where attractive and repul- 
sive interaction forces are in balance. [Strictly speaking’, equa- 
tion (1) should include a term mhe. For the extremely thin films 
(so-called Newton black films) to be discussed in this study, this 
term is expected to be negligible. ] 

A mechanical analysis* of the region where the film and the 
Plateau border join indicates that, whenever AF <0, the two 
bulk surfaces will, on a macroscopic scale, intersect at a sharp 
angle, 20, such that 


y= 2y cosh x (2) 
It follows from equations (1) and (2) that 
~AF = 2y{(1 — cos 8) (3) 


One of the many manifestations of a finite contact angle is the 
spontaneous clumping that occurs when two or more oil drops 
approach each other in an aqueous surfactant solution (Fig. 2). 


GLASS ROD —— 






PLATEAU AIR 


BORDER 






WATER 


Fig.1 Film and associated plateau border that are formed when a 
vertical glass frame is pulled out of a surfactant solution. 
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Fig. 2 The spontaneous flocculation of oil droplets when the 
contact angle, 6, is greater than zero. 


When the contact angle is large, the droplets comprising the 
cluster are highly deformed, while remaining separated by an 
extremely thin film of intervening liquid of reduced tension. 

Appreciable contact angles, as high as 15°, have been ob- 
served in aqueous films in air* °. For ri films in water, contact 
angles up to 8° have been reported”’”. If one assumes that 
interaction free energies for aqueous films i in oil are of about the 
same magnitude as for aqueous films in air, one would, on the 
basis of equation (3), expect much larger angles for the former 
on account of their generally much lower interfacial tension. 

Indeed, while studying’’ concentrated oil-in-water emul- 
sions, we have observed very large contact angles, in some cases 
approaching 90° which would seem to be the theoretical limit. 
The emulsions were stabilized with anionic surfactants and 
contained added electrolyte. The contact angle was found to 
depend strongly on the composition of the aqueous phase (type 
of surfactant, and concentration and kind of counter-ion), while 
the nature of the oil phase had a relatively minor influence. We 
have used two classes of anionic surfactant: sodium alkyl 
sulphates and sodium alkyl carboxylates (soaps) in the presence 
of added LiCl, NaCl or KCl. With alkyl sulphates, the contact 
angle reached at a given electrolyte concentration increases in 
the order Li*« Na*<K*. With alkyl carboxylates, the order 
seems to be reversed, although there is some doubt about the 
position of Li* because of the very low solubility of lithium 
soaps. Similar reversals in the relative effect of the alkali metal 
ions on properties of alkyl carboxylates and alkyl sulphates have 
been reported i in other areas of colloid and surface chemistry’*. 
With Na* as the counter-ion, the alkyl carboxylates give rise to 
much higher contact angles than do the alkyl sulphates. For 
example, with 0.3m NaCl and 0.2% surfactant at 25°C, the 
contact angles with dodecane are = 0° for SDS and ~57° for 
sodium oleate. Contact angles were also observed with other 
n-alkanes, as well as with paraffin oil and carbon tetrachloride. 
The results of this study, still in progress, will be presented 
elsewhere. 

More recently, we have observed that the contact angle varies 
strongly with temperature. This is not unexpected, as this effect 
has been reported also for aqueous films in air". Because of the 
much greater range of contact angles that can be obtained with 
aqueous films between oil, however, the phenomenon is much 
more dramatic. An example is given in Fig. 3 that shows 
dodecane droplets in an aqueous phase containing 0.25% 
sodium oleate, 0.25% sodium laurate and 0.6 m NaCl. At 25 °C, 
this system has a contact angle of about 70° which leads to the 
formation of flocs composed of highly deformed oil droplets. 
The floc is quite rigid and the individual droplets do not easily 
roll past each other. Very little water is seen to remain in the 
Plateau borders in the interior of each floc. Just as in polyhedral 
foams, these borders are of two types: ‘linear’ channels where 
three films meet at angles of 120°, and ‘tetrahedral’ corner 
pockets where four linear borders meet at angles of 109.47°. It 


can be shown'’ that the linear Plateau borders empty out when 
@ > 30° while the tetrahedral pockets do so when @ = 35.26°. 

When the dispersion is heated, the contact angle decreases 
and the cluster gradually decomposes into increasingly spherical 
droplets that begin to shift and rearrange (45 °C). Finally, at 
60 °C, the contact angle is near 0°, and the floc now appears as a 
collection of discrete spherical droplets that are mobile. If, at 
this stage, the dispersion is cooled back to 25 °C, rigid flocs of 
deformed droplets again appear. They do not, of course, revert 
to the original configuration because of shifts that have taken 
place in the first cycle. 

The presence of large contact angles can have a pronounced 
effect on several properties of an emulsion. For example, there ts 
a dramatic increase in the rate and extent of sedimentation or 
creaming of an emulsion when @ > 10°. 

The structure of a concentrated emulsion, such as the cream 
layer formed on top of an initially dilute emulsion, is also very 
sensitive to the contact angle'’*'*. When the cream is formed by 


Fig. 3 The effect of temperature on the contact angle in flocs 
slat when dodecane droplets are dispersed in an aqueous 
solution of 0.25% sodium oleate, 0.25% sodium laurate and 0.6 M 
NaCl. The arrows indicate droplets that disappear during the 
experiment because of coalescence. Magnification, ~ x90. An 
Olympus MG inverted microscope was used and heating was 
accomplished with a Mettler FP2 programmable hot stage. Contact 

angle equilibrium was generally achieved in less than 10 min. 
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sedimentation under gravity, an open network of flocs can form 
when # » 0. Appreciable amounts of water can be trapped in this 
network, leading to an expanded cream whose volume fraction 
of oil is <0.74 (the volume fraction corresponding to closest 
packing of monodisperse spheres). In this regard, this type of 
emulsion cream is analogous to the voluminous sediment 
encountered with a highly unstable colloidal dispersion of solid 
particies'*, When such an expanded emulsion cream is compac- 
ted by mild centrifugation and then allowed to relax and equili- 
brate under normal gravity, much of the occluded water can be 
squeezed out, so that the resulting cream tends to have a final 
volume fraction of oil significantly greater than 0.74, as predic- 
ted by theory for the state of minimum free energy’? ., Indeed, 
using this method, we have prepared stable creams whose 
volume fraction is as high as 0.94 (ref. 11). 

Note that some aspects of this work may have their parallel in 
biological systems. The cluster shown in Fig. 3 has a close 
morphological resemblance to a blastula, that is, the aggregate 
of living cells at the early stage of embryonic development. Of 
course, in biological systems the liquid phases would be 
reversed, that is, aqueous drops (cells) would be separated by 
lipid films (membranes). l 

We thank Lever Brothers Company for permission to publish 
this work. 
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Earlier papers from our laboratory’ have described a sensitive 
but relatively simple technique using IR spectroscopy to study 
the diffusion of labelled organic molecules through a polymer 
matrix. The method showed that the behaviour agreed well with 
de Gennes“ model of reptation which assumes that long organic 
molecules diffuse by the motion of segments consisting of 20 to 
30 units in the backbone. We describe here an extension of this 
work and deal with the effect of hydrostatic pressure on the 
diffusion of two hydrocarbons (suitably labelled) with backbone 
units N=18 and 45 through molten low density branched 
polyethylene at pressures ranging from atmospheric to 1,300 
atmospheres. The results show that the diffusion coefficient D 
decreases as the pressure P is increased. To a close approxima- 
tion log D decreases linearly with P implying an apparent 
activation volume, V. Typical values for N = 18, are V = 55 A? 
at 150 °C and 70 A® at 120 °C implying a thermal expansion of 
the free volume of order 0.5 A? K~*. For N = 45, V = 80 À’ at 
120°C. 

The experiments were carried our using ICI Alkathene 11/01 
branched polyethylane as the matrix. The diffusants were 
stearamide (CH,(CH:),,CONH;) with 18 backbone atoms and 
beheryl behenate (CH2(CH2).,> COOCH(CH)).9CH;) with 45 
units counting the oxygen in the ester linkage. Cylindrical 
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specimens were prepared in the manner described earlier’ one 
half containing about 1% diffusant and the other consisting of 
matrix polymer only. A thin slice cut from the cylinder perpen- 
dicular to the join is scanned iñ an IR microdensitometer tuned 
to the adsorption frequency of the carbonyl group in the 
diffusant. Initially the concentration is a step function. As a 
result of diffusion the profile changes and from the new shape 
the diffusion coefficient can be calculated. 

The diffusion experiments are all carried out above the melt- 
ing point of the polymer. First, this avoids problems involving 
different degrees of crystallinity as the molten material at any 
specified temperature has a reproducible ‘morphology’. Second, 
the diffusion rates are far more rapid than with the solid poly- 
mer, an important practical consideration in view of the 
decrease in D as the pressure is increased. Third, the specimen 
may be contained in a metal clyinder and compressed by a 
piston—because it is liquid the pressure is entirely hydrostatic. 
The force on the piston is applied with dead weights using a 
converted lever-arm tensile-testing machine and in this way the 
pressure is maintained constant without the need for elaborate 
servo-mechanisms. The seals, which slide in the cylinder, are of 
the Bridgman unsupported area type’. The metal cylinder is 
heated by electrical resistances and thermocouples are inserted 
at various points near the specimen. Temperature control is 
reproducible to +1 °C. After the specimen has been subjected to. 
the required pressure and temperature for a specified time it is 
solidified rapidly, removed from the containing cylinder and 
then sliced for examination in the IR microdensitometer. 

Figure 1 shows that log D decreases linearly with P. Assuming 
a simple Arrhenius relation of the form D = Dy exp (~PV/kT) 
where V is the activation volume for diffusion, k the Boltzmann 
constant and T the absolute temperature, we obtained the 
values quoted in Table1. 

From Table 1 we first note that the activation volumes are 
very much smaller than the molecular volumes of the diffusants 
themselves (400 Å? for stearamide, 1,000 Å? for beheny! 
behenate). It is not possible to provide a specific model to 
explain this. It could be associated with a crankshaft motion 
involving some 3-4 CH, units; or it could relate to a small 
overall dilation of the matrix to allow passage of the diffusant. 
However, we also note that the activation volume for the 
behenyl behenate is only a little larger than for the stearamide 
although the molecular volume is more than twice as large. This 
is consistent with the earlier work of Klein and Briscoe* which 
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Fig. 1 Plot of log D against applied hydrostatic pressure, P, for 
stearamide at 150°C (+) and 120°C (©) and beheny! behenate at 
120°C (x). 
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Table 1 Activation volumes, V, for diffusants in molten branched 





polyethylene 
| | Temperature oe 
Diffusant N Ce) V (Å>) 
Stearamide 18 150 557 
Stearamide —— — 18 120 70+8 
Beheny! behenate l 45 120 80+8 





volume. This paei A for the obena that the activation 
volume for stearamide decreases from 70 A* at 120°C to 55 A’ 
at 150°C. Indeed, we may attribute this decrease to a thermal 
expansion of the free volume of the order 0.5 AUK", 

stesting to compare these values for V with those 
deduced from peor ah properties of polyethylene in the solid 
ding and Ward’ quote a value of ~50 A? for 
ar polyethylene. Although the polymer was 









largely crystalline ml Bighly oriented the deformation process 
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involves radical disorganization of both the crystalline and the 
amorphous material in the specimen. Consequently, the 
mechanisms of motion may not be greatly different from those 
occurring in the melt. Similarly B. J. Briscoe (personal com- 
munication) quotes a value between 100 and 200 Á? for the 
shear of thin films of branched polyethylene. In these experi- 
ments the molecular length (and hence N) was many hundreds 
of times greater than the molecular length of the diffusants used 
in the present work. This again suggests that the unit involved in 
shear is a short segment, independent of the overall length of the 
polymer molecule. We hope to explore this aspect further by 
carrying out diffusion experiments with diffusants of increasing 
molecular length. If these data are to be used in the construction 
of molecular models of diffusion it should be noted once again 
that the activation volumes are very much smaller than the 
molecular volume of the segment itself. 
A.R.R. thanks the SRC and ICI for a CASE studentship. 
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During recent years there have been suggestions™ that man’s 


activities might reduce the thickness of the atmospheric ozone 
layer. Reductions in ozone could then give rise to an increase in 
potentially harmful solar UV radiation at the Earth’s surface. 
Concern has been expressed particularly about the possibility of 
subsequent increases in skin cancer. Most calculations of ozone 
reduction have employed one-dimensional (height-only) models 
and few have calculated the solar radiation reaching the ground. 
Rather, it has been assumed that, for example, a 1°, depletion 
in ozone is equivalent to a 2°. increase in UV-B (the 
biologically important radiation in the wavelength range 280- 
320nm) (refs 4, 5). However, studies using two-dimensional 
models”’ indicate that any change in ozone will not be uniform, 
but will show significant variations with latitude and season. We 
show here first, that the commonly accepted idea that a 
depletion of ozone of a particular figure is equivalent to an UV 
increase of twice that figure does not hold generally; second, we 
point out the importance of seasonal and-latitudinal variations in 
ozone changes on the UV radiation reaching the Earth’s. 
surface. 

Figure 1 shows the latitude-time cross-section of the 
depletion in total ozone calculated by one of us (J.A.P.) 
using a two-dimensional model of the atmosphere including 
detailed photochemistry and simulating a source of 
chlorofluorocarbons (CFCs). The features of the depletion are 
similar to a calculation in the model using a much simplified 
photochemical scheme®. Namely, maximum depletions are 
found in high latitudes where the total ozone is largest; 
smallest depletions occur in equatorial latitudes where ozone is 
a minimum throughout the year. Figure 2 shows two 
calculations, using the depletions found in Fig. 1, of the 


increase in solar UV radiation at 310 nm at the Earth’s surface 
consequent on the reductions in ozone. The dashed line was 
obtained using the simple direct beam absorption scheme 
employed in the two-dimensional model, while the sold Hine 
uses the radiation scheme of Green et al”, which includes the 
effects of scattering by air molecules and aerosols. It can be 
concluded immediately from Figs | and 2 that the ratio of 
ozone reduction to UV increase is not constant, the ratio 
varies with latitude and time. A value of two is perhaps 
appropriate to mid-latitudes during winter but it is clear that 
this value cannot be used generally. 

It is desirable to know the possible increase in radiation at 
all wavelengths in the UV-B and ideally these increases should 
be weighted by the action spectrum for skin cancer. However, 
as this spectrum is not available we have used that of mild 
sunburn or erythema’. Ideally, we would wish to examine the 


Latitude 





Fig. 1 Latitude-time cross-section of the percentage depletion 

in the total ozone amount in 1992 using the mean 1973-76 CFC 

production rates and the Oxford University two-dimensional 
model, 
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Fig. 2 Percentage change in UV radiation intensity in a narrow 

wavelength range centred at 310nm resulting from CFC usage at 

1992. Dashed line, calculations using a two-dimensional model; 
solid line, calculations using a simple UV radiation scheme. 


perturbation in erythemally-weighted UV-B dose when the 
ozone depletion from CFC release reaches its steady state. 
Because of the many tens to hundreds of years that would be 
required and because of the detailed horizontal and vertical 
coverage in the two-dimensional calculations, the cost of 
running the model to steady state was considered prohibitive. 
However, the extrapolation of such predictions can be readily 
achieved by simple scaling up Fig. 1. A steady-state global 
ozone depletion of 13+3°,, was selected on the basis of several 
UK modelling studies'®. The slight annual increase in ozone 
depletion apparent in Fig. | during 1992, amounts to about a 
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Fig. 3 Ratio of increase in erythemally-weighted UV-B dose to 
decrease in total ozone amount resulting from CFC usage. 
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factor of 1.1-1.2. This slight upward drift when extrapolated 
into steady state introduces errors in the ozone depletion 
which are small in comparison with the errors in the chosen 
value itself. 

The results shown in Fig. 1 were extrapolated to steady 
state with respect to CFC release, giving a global ozone 
depletion of ~13%. The radiation calculations including 
scattering were then used to compute the increase in the 
erythemally-weighted UV-B dose at steady state. A global 
increase of about 12% was found. Figure 3 shows the 
latitude-time section of the ratio of the percentage increase in 
UV-B dose to ozone depletion. Only in middle latitudes 
during winter does the ratio approach a value of 2 and for 
much of the globe the value is <1, such that the global ratio, 
as implied above, ts about unity. 
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Fig. 4. Ratio of increase in erythemally-weighted UV-B dose 
from CFC usage to the dose at the Equator. 


In high latitudes, the ratio does become larger and the 
significance of this is interesting. In Fig. 4 the increase in 
erythemally-weighted UV-B dose at the extrapolated steady 
state is compared with the dose at the Equator. The larger 
percentage increases in high latitudes seem to be of little 
significance when compared with the radiation reaching 
equatorial latitudes. However, plant and animal life in these 
high latitude regions coexist with small radiation doses so that 
we cannot necessarily infer that these changes will have only a 
small effect. 

We conclude that no simple relationship exists between 
decreased stratospheric ozone and increased surface UV-B 
dose. The results of radiation calculations in steady-state one- 
dimensional models for a particular latitude should be treated 
with caution. Significant variations in the increased dose as a 
function of latitude and season have been demonstrated here. 
Inclusions of latitudinal and temporal effects will evidently be 
important in assessing the biological and botanical effects of 
possible future ozone depletions. 
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We have conducted experiments measuring ELF and VLF radio 
signals in the afternoon to early morning (local time) between 24 
March and 4 April 1979 in Northern Scandinavia. Apart from 
igin (atmospherics, chorus, and so on), we 
received timing signals, six pips which occurred on the hour UT; 
the duration of each pip, of frequency 1kHz+t0.5 Hz, was 
105+8 ms. A spectrogram of these is shown in Fig. 1. We have 
established that these are not due to non-linear demodulation of 
strong higher frequency radio signals in any part of the equip- 
ment. We consider that they are produced by non-linear 
demodulation of signals from two or more amplitude modulated 
transmitters in the USSR operating at 173, 200, 236, 263 and 
657 kHz. The demodulation occurs only during enhanced 
auroral electrojet activity. 

The equipment primarily used in this study involved three 
goniometer ELF/VLF receivers, one located at Sodankyla 
(Finland), one at Tromsø (Norway) and one at Arjeplog 
(Sweden). All stations are within the auroral zone. The 
goniometer system, described in detail by Bullough and 
Sagredo’ and Jarvis’, uses loop antennas, of area 58m’; the 
goniometer modulation frequency was 27.5 Hz. Some 
measurements were made in parallel at Sodankyla using a VLF 
receiver designed at the Sodankyla Geophysical Observatory. 
This receiver was fed from a long (500 m) wire antenna. Addi- 
tionally an ELF receiver (bandwidth 1 Hz-1 kHz), fed by a 
multiturn loop antenna, was operated during certain periods at 
Tromsø. Pips were detected by all these independent measuring 
systems. The ELF/VLF goniometer at Arjeplog was 
unfortunately disturbed by local interference at 1 kHz; thus 
recordings made there could not be used for detailed study. 

As well as the timing pips, distorted music, distorted speech 
and station identifiers were occasionally heard. Broadcast band 
monitoring and subsequent reference to the World Radio and 
TV Handbook? identified the Russian First and Second Pro- 
grammes on 173, 200, 236, 263 and 657 kHz as being the cause 
of these signals and, presumably, of the pips; timing signals were 
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being transmitted on at least some of the above mentioned i 
frequencies every time the 1-kHz pips were detected, Some of 

the stations transmitting these programmes are within 1, 500) 1E 
of Sodankyla; these are Kaliningrad (173 kHz, 1 MW), Moscow 

(173 kHz, 500 kW), Syktyvkar (173 kHz, 300 kW), Leningrad 
(200 kHz, 150 kW), Moscow (200 kHz, 100 kW), Leningrad 
(236 kHz, 1 MW), Arkhangelsk (236 kHz, 150 kW), Moscow 
(263 kHz, 2 MW) and Murmansk (657 kHz, 150 kW) (Fig. 2} 

The field strength of the 173-kHz transmissions was measured 
by J. Sivusaami (personal communication) at Sodankyla during 











the daytime on 3 April 1979, and found to be 112 uV m 


After completing the field experiments, 1 kHz amplitude 
modulated signals were injected into the goniometer receiving 
system, using a dummy aerial. Even with signals 52 dB stronger 
than those measured at 173 kHz, no demodulated output at 
1 kHz was noted. Thus we conclude that the receiving system 
was linear and that the demodulation observed did not take 
place in the equipment. 

The period of the experiment was characterized by two 
different levels of local geomagnetic activity..From 14 to 21 
March, when no:pips were recorded, the daily sum-of. Kyoz 
indices, measured at the Sodankyla Geophysical Observatory, 
varied between 2 and 20. From 22 March to 4. April the 
corresponding values varied between 20 and 45 and, with the 
exception of 1 April, pips were recorded at least once each day. 
We conclude that pips were recorded only when the daily 
magnetic activity was moderately high. The probability of pips 
occurring is greatest in the local evening sector, at 19 and 20 UT. 
Only one measurement was available at 18 UT. Inspection of 
STARE (Scandinavian Twin Auroral Radar Experiment’) data 
and magnetograms from Sodankyla and Kiruna shows that an 
active auroral zone current system was always nearby during the 
times of pip occurrence. Additionally, in cases when the source 
location was possible, this location probably fell within the 
eastward electrojet. 

On six occasions the signal-to-noise ratio was high enough to 
allow the determination of the azimuthal bearings of the 1-kHz 
signals both from Sodankyla and Tromsø, enabling the source to 
be located by goniometer triangulation. On five occasions the 
sources were approximately the same. Figure 3 shows this 
location with the worst case envelope of standard errors. The 
sixth location is also shown with its error diamond. On three 
more occasions a bearing angle, with 180° ambiguity, was 
obtained from Sodankyla. These directions are also shown in 
Fig. 3. They do not coincide with the direction of the five cases 
having roughly the same source location. The group of five 
events from the same location occurred at 19 or 20 UT; the 
sixth location was determined at 22 UT. Two of the directions 
determined from Sodankyla only are at 19 UT and the other 
at 21 UT. Two of the measurements belonging to the group of 
five events of the same source location were measured on the 
same day. 

We summarize the results obtained as follows. During times 
of active auroral zone currents, and providing that the daily 
magnetic activity has been relatively high, there is a high prob- 
ability of the occurrence of pips in Northern Scandinavia. These 
signals are considered to be due to a demodulation (self-detec- 
tion) effect (in the lower ionosphere) of certain LF (and MF) AM 
broadcasting stations transmitting hourly time marks at 1 kHz 
within the programme schedule of the Russian Internal Service 
First and/or Second Programmes. The probability of their 
occurrence is highest around 19 and 20 UT, but a high prob- 
ability at 18 UT is not ruled out, because of a data gap. At these 
times the signal-to-noise ratio is sometimes good enough to 
indicate that the signal source has a favoured location in the 
ionosphere (shown in Fig. 3) and that this location does not 
change with time; there are also other possible locations of the 
source. 

Experimental evidence for the demodulation of HF radio 
signals in the presence of auroral electrojets has been reported 
by Kapustin et ai.°. Theoretical treatments for the generation of 
ELF/VLF waves in the auroral ionosphere have been ¢ published 




















0028-0836/80/300375—03$01.00 





SU ERE RAPE St eRe 


> 1980 Macmillan Journals Lid 





ORG ¢s vooy erpen eR 


Frequency (Hz) 


Q 


18.59.57 


18.59.55 18.59.56 18.59.58 


by Stubbe and Kopka®’ and by Kapustin et a/.5, and in the 
references cited therein. It is proposed there that ELF/ VLE 


radio waves can be generated after heating the lower ionosphere 


with a strong HF wave having amplitude modulation at 
ELF/VLF. The modulation causes periodic changes in electron 
temperature which cause corresponding changes in the Hall and 
Pedersen conductivities. As a consequence, an a.c. component, 
at the frequency of the periodic heating, is formed in the auroral 
electrojet, which radiates a wave at the heating frequency. 
Stubbe and Kopka®’ consider the case when a limited area of 
auroral ionosphere is heated by a vertical narrow beam radio 
transmission at HF which can penetrate both the D and E layers 
in most conditions. This also applies to the experimental 
arrangements of Kapustin et al’. 

We believe that we have found a basically similar 
phenomenon, but caused by obliquely propagating amplitude 
modulated LF and/or MF transmissions acting in the lower 
portion of the auroral D-layer. In the case of one transmitting 
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Fig. 2 Mercator projection of Scandinavia and North Western 
USSR, showing Soviet high power LF and MF broadcast stations 
within 1,500 km of Sodankyla, on 173, 200, 236, 263 and 657 kHz. 
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Fig. 1 Spectrogram showing 
atmospherics and six 1-kHz pips; 
frequency splitting of the signal, 
into upper and lower sidebands 
55 Hz apart, is due to the 





goniometer modulation. 
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Fig. 3 Cartesian projection of Northern Scandinavia showing the 

positions (©) of the sources in the ionosphere of the 1-kHz pips, 

with the worst case error envelopes (hatched area). Additionally, 

three bearings with 180° ambiguity and a typical error of +6°, are 
shown from Sodankyla. 


station, maxima of the heating effect are located at any instant at 
positions where the maxima of the modulation of the direct wave 
and waves after experiencing several sky and ground reflections 
are essentially in phase with each other. When the same pro- 
gramme is transmitted from two stations an interference pattern 
is formed, with maxima in the heating power moving along 
roughly hyperbolic trajectories in space. The positions of these 
trajectories depend on the modulation frequency. Non-linear 
demodulation occurs only in regions where the SPPrORNAIG 
ionospheric conditions are satisfied. 
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In the case of three stations there are a few particular areas, 
which remain fixed, where the crests of the modulated wave- 
forms occur and where the periodic heating maximizes. For four 
or more stations, the extra stations may, depending on their 
locations and the phases of modulation of their transmitted 
signals, contribute to the phenomenon. 

We consider that at 1 kHz a proper phasing of the signals from 
at least three stations is obtained in the area in which we have 
located five sources. We then explain our discovery that pips 
occur only when the daily magnetic activity is above a certain 
threshold by this preferred area lying in the electrojet. On quiet 
days the main current system lies at higher latitudes beyond the 
particular area mentioned. The distortion of music or speech 
occurs because sources at different modulating frequencies have 
different fixed locations; not all of these may lie in areas suitable 
for ELF/VLF wave generation. This gives rise to a complicated 
and spectrally varying weighting of the signal. Other such areas 
may also be invoked to explain the sixth location shown in Fig. 3 
and the three signals, observed only at Sodankyla, which had 
quite different propagation directions. 

We thank our colleagues who took part in the present obser- 
vational programme, and also members of the Measuring Sta- 
tion of the Finnish Broadcasting Company for measurements of 
various LF and MF transmitter field strengths. 


Received 28 January; accepted 5 June 1980. 


. Bullough, K. & Sagredo, J. L. Planet. Space Sci. 21, 899 (1973), 

Jarvis, M. J. thesis, Univ. Southampton (1976). 

. World Radio and TV Handbook (Billboard, London, 1979). 

. Greenwald, R. A., Weiss, N., Nielsen, E. Radio Sci. 13, 1021 (1978). 

. Kapustin, I, N. et al. JETP Let. 28, 228 (1977). 

. Stubbe, P. & Kopka, H. J. geaphys. Res. 82, 2319 (1977). 

. Stubbe, P. & Kopka, H. Jonaspheric Modification Experiments in Northern Scandinavia—a 
Description of the Heating Project (Max Planck Institute fir Aeronomie, MPAE-W-02- 
79-04, 1979), 


SA mh We 





The pear-shaped section of the Earth 
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The Earth’s gravitational field, and hence the shape of the 
Earth’s sea-level surface, the geoid, can be determined from 
analysis of the motion of artificial satellites in orbit about the 
Earth. The method is particularly powerful in revealing the 
longitude-averaged meridional profile of the geoid, that is, an 
average slice through the poles, which from its north-south 
asymmetry is often called ‘pear-shaped’. We now report an 
improved determination of this profile, which should be 
accurate to about 50 cm at latitudes up to 86°, and replaces our 
previous evaluation*”?. 

The Earth’s gravitational potential may be expressed as the 
sum of (1) an infinite series of zonal harmonics independent of 
longitude, and (2) a double infinite series of tesseral harmonics, 
dependent on both latitude and longitude. Here we are only 
concerned with (1), and we express the longitude-averaged 
potential at an exterior point distant r from the Earth’s centre at 
geocentric latitude œ in the standard form? 


oO i 
4 i- È 1(=) P,(sin )| (1) 
r j=? F 

where u is the gravitational constant for the Earth, 
398,600 km? s™°, R is the equatorial radius, 6,378.14 km, and 
P,(sin ¢) is the Legendre polynomial of degree / and argument 
sin @. The J; are constant coefficients: Ja, Js, Je, ... express the 
effects of harmonics symmetrical about the Equator; J3, Js, 
J>,... express the effects of north-south asymmetry, and it is 
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Fig.1 Height of the meridional geoid section (solid line) relative 

to a spheroid of flattening 1/298.25 (dashed line) as given by our 

nine-coefficient set of odd harmonics and GEM 10B even 
harmonics. 


these odd zonal harmonics that determine the pear-shape | 
tendency of the Earth. 

A major effect of the odd zonal harmonics on satellite orbits is 
to alter the distance of perigee from the Earth’s centre: although 
the north-south asymmetry of the Earth only amounts to about : 
40 m, it produces an oscillation several kilometres in amplitude. 
We have evaluated sets of odd zonal harmonics by analysing 
such oscillations in 28 satellite orbits, from near-equatorial to` 
polar. Previously there was a lack of accurate orbits at inclina- 
tions near 63.4°, where the oscillation becomes very large. So . 
two suitable satellites, Cosmos 248 and Cosmos 373 at inclina- 
tions 62.2° and 62.9°, have been specially observed optically for 
more than five years by the Hewitt camera at Malvern, the: 
kinetheodolite at the South African Astronomical Observatory,“ 
and visual observers in Britain and elsewhere. The orbits of 
these satellites were determined from about 5,000 obser- 
vations*”, and were used to evaluate the amplitudes of the 
oscillations in perigee distance, which amounted to 38.7+ 
0.2 km for Cosmos 373. 

The methods for evaluating Ja Js, Jn... were basically 
similar to those previously used, but with significant improve- 
ments in the theory. More than 500 solutions were computed, - 
and the following nine-coefficient set is selected as the best": 


10°J,=—2,53024 10°%=-9047 10°J,,=-20+15 
J,=—-2482+5 Ja 15949 Jom 2364 14 
J, = -33646 Ja=~158£415 J= -27£19 


This set of values has standard deviations about 40% smaller 
than in the previous eight-coefficient set’, and differs from the . 
previous values by less than the sums of their standard devia- _ 
tions. 9 
Figure 1 shows the profile of the longitude-averaged merie 
dional section as given by this set of odd zonal harmonics andthe | 
even harmonics of the Goddard Earth Mode! 10B (ref. 7). The - 
heights shown in the diagram are relative to a spheroid of- 
flattening 1/298.25, which is drawn as a broken line. With the 
new profile, sea level at the north pole is 17.84 m above the 
spheroid, and sea level at the south pole is 27.23 m below the 
spheroid. So the ‘pear-shape asymmetry’, the north polar minus 
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the south polar radius, is 45.1 m, compared with 44.7 m from the 
previous solution. 

We have also derived 8- and 14-coefficient solutions as alter- 
natives, but they give almost identical results, with differences of 
less than 30 cm in geoid height up to 86° latitude. 

Comparison with the corresponding geoid profile from the 
most recent comprehensive gravity field’, GEM 10B, which has 
a completely independent set of odd zonal harmonics, shows 
differences of less than 80 cm up to latitudes of 85°, the average 
difference being about 25 cm. The effect of changing the even 
harmonics from those of GEM 10B to the most recent set 
derived at the Smithsonian Astrophysical Observatory shows an 
average difference of only 20 cm. For these and other reasons, 
we suggest that the profile of Fig. 1 should be accurate to 50 cm 
up to latitudes of 86°. Over the remaining 0.2% of the Earth’s 
surface very near the poles, the errors may be larger, possibly up 
to 1.5 m: basically, this increased error arises because there is so 
little of the Earth’s mass at these latitudes. 

Although the longitude-averaged geoid profiles agree well, 
the predicted amplitudes of the oscillations in perigee distance 
do not: at certain inclinations, the amplitudes given by our zonal 
harmonics differ from those given by GEM 10B by up to 350 m, 
even if the singularity near 63.4° inclination is excluded. So 
further improvements in the values of the zonal harmonics, 
utilizing satellites in chosen orbits specially observed, will be 
needed if orbital models capable of centimetric accuracy, to 
match centimetric laser observations, are ever to be developed. 
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West Antarctic ice sheet 
fluctuations in the 
Antarctic Peninsula area 
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The West Antarctic ice sheet is believed to be inherently 
unstable because much of it is grounded below sea level’. It has 
been suggested that the ice sheet has withdrawn from its late 
Wisconsin maximum position, grounded at the edge of the 
continental shelf, and is now undergoing collapse as a delayed 
response to the warming and sea-level rise of the Holocene’, and 
that the ice sheet is likely to collapse shortly in response to rising 
CO, levels in the atmosphere‘. We present here some geomor- 
phological evidence from Alexander Island and the Antarctic 
Peninsula which does not agree with either hypothesis. Rather, 
following deglaciation from the Wisconsin maximum, there was 
less ice than at present around 8,000 yr ago. The ice shelf in 
George VI Sound has built up subsequently. 

Alexander Island is a mountainous block of country approx- 
imately 450 km from north to south and 300 km from east to 
west. Jagged mountains rise to altitudes exceeding 3,000 m in 
the north of the island but more subdued tracts of dissected 
plateau 250-800 m altitude are more characteristic of the south 
and east. These topographical contrasts partly reflect the island’s 
geology for, whereas the spectacular Elgar Mountains of the 
north are composed of plutonic rocks, the bulk of the island’s 
plateau scenery in the south and east coincides with extensive 
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areas of sedimentary strata, particularly shales, sandstones, 
volcanoclastics and conglomerates’. The adjacent part of the 
Antarctic Peninsula, similarly aligned from north to south, is 
200 km across and includes mountains rising to 3,000 m. As on 
Alexander Island, the land is more extensively buried by ice 
fields towards the south. The Peninsula is geologically distinct 
from Alexander Island in that the bulk of it is composed of 
plutonic and volcanic rocks and a variety of gneisses, granites 
and lavas predominate’. It is believed that block faulting has 
separated the two land areas resulting in the trench of George VI 
Sound which is over 20 km wide, and 500 km long. 

The Peninsula is covered by a northward extension of one of 
the three main ice domes comprising the West Antarctic ice 
sheet and from its axis the ice drains westwards and eastwards 
into ice shelves. The western ice shelf, 100-500 m thick, flows 
westwards across George VI Sound and abuts the east coast of 
Alexander Island where it is depositing a conspicuous moraine. 
This ice shelf terminates at either end of the Sound in environ- 
mental conditions where summer temperatures rise to within a 
few degrees of 0 °C. As such the ice shelf in George VI Sound is 
in a marginal environment for its survival'’. Alexander Island 
itself supports an ice cap and ice fields which discharge outwards 
to each coast. Outlet glaciers flowing into George VI Sound ice 
shelf are quickly dominated by the more powerful ice flow from 
the Peninsula and are almost immediately deflected northwards 
and southwards. 

Evidence of past glacial maximum conditions points to 
increased ice thicknesses on both Alexander Island and the 
Antarctic Peninsula, with both areas acting as independent 
centres of outflow. On eastern Alexander Island the evidence is 
in the form of glacial trough alignment, the direction and 
position of striations on plateau surfaces and interfluves, and 
erratic fans which can be traced from distinctive bedrock 
outcrops. Examples of these features in the Ablation Point area 
show how flow was consistently eastwards towards George VI 
Sound (Fig. 2). Compatible with this reconstruction is the 
absence of Peninsula erratics on the eastern plateaux of Alex- 
ander Island; although Peninsula-derived granites and gneisses 
are clearly identifiable in the moraine flanking the present ice 
shelf in George VI Sound, none were found above an altitude of 
85m, On Plateau surfaces in the Batterbee Mountains of the 
Peninsula across from Alexander Island the flow of a former ice 
cover was westwards into the Sound and then northwards 
parallel with the Sound. Clear evidence for this comes from 
roches moutonnées, striations, sub-glacial meltwater channels 
and the slope of high-level lateral moraines which cross the 
plateau at 400-670 m altitude (Fig. 3). 

Previous reconstructions of maximum ice conditions in the 
late Wisconsin for this part of Antarctica show the ice flowing 
from the Peninsula axis across Alexander Island to the edge of 
the continental shelf on its west side’''*. The field evidence from 
eastern Alexander Island indicates ice-flow directions directly 
opposite to those implied by these previous reconstructions and 
implies that the ice masses were thinner, consisting of separate 
domes that were based on Alexander Island and on the Penin- 
sula and becoming confluent in George VI Sound. 

Some indication of the age of the last maximum glaciation was 
obtained from a shelly till deposit found on a spur 3 km north of 
Two Step Cliffs and lying between 94 and 114m above the 
present ice shelf. The shells consist of fragments of Hiatella 
solida. They lie in a till with striated clasts and a typical glacial 
matrix (mean œ 0.21, sorting 4.05, skewness 0.39, kurtosis 
0.82). Analysis of the lithology of the clasts and of the magnetic 
susceptibility of the matrix suggests the till is derived from 
sedimentary rocks characteristic of Alexander Island and is 
quite different to the Peninsula-derived ice shelf moraines in the 
vicinity originating on igneous rocks. The outer fraction of the 
shells gave a radiocarbon age of 32,160 + 360 yr and the inner 
fraction 30,600+ 660 yr (SSR 1499). That such an old radio- 
carbon age is likely to be a minimum was confirmed by the 
results of amino acid analysis on three separate shells which 
yielded total D/L ratios of 0.169, 0.113 and 0.147 (AAL 1297). 
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Fig.1 The Alexander Island-Antarctic Peninsula area of West Antarctica. 
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We cannot place accurate absolute dates on these values without 
knowing the precise thermal history of the shells since their 
death. Nevertheless, a reconstruction of the most likely thermal 
history (in seawater or beneath a warm-based glacier) produces 
an age which is compatible with that of the last interglacial 
(G. H. Miller, personal communication). We can go even further 
and suggest that at the time of their growth the Sound was free of 
an ice shelf. The basis of this suggestion is the discovery from the 
J9 drill hole through 420 m of the Ross Ice Shelf, 430 km from 
the open sea, that no living infauna existed and that the sedi- 
ments contained no animal traces or bioturbations'*. As George 
VI Sound Ice Shelf is 300 m thick over 200 km distant from the 
open sea in the vicinity of Two Step Cliffs, it is reasonable to 
suggest that shells may be unable to thrive beneath its canopy 
and must, therefore, reflect open conditions in the Sound. 

The most likely explanation of the shelly till is that it was 
formed by an enlarged ice sheet grounded in George VI Sound 
and just impinging on Alexander Island on the promontory 
north of Two Step Cliffs. In such a case the dates imply that the 
ice cover was substantially thicker in the Wisconsin than at 
present. In the absence of any alternative moraine limits it seems 
reasonable to attribute the maximum reconstruction described 
earlier to this Wisconsin advance. 

Evidence of the Holocene history of the ice shelf comes from 
the moraine which flanks the ice shelf where it abuts onto 
Alexander Island. The moraine has two components. One is a 
landward ridge 5-30 m high which apparently contains no ice. 
The other is immediately adjacent and forms one to three 
ice-cored ridges. The crests of all the ridges are lower than the 
overall surface of the ice shelf. At Two Step Cliffs barnacles 
Bathylasma corolliforme (Hoek) were found in the landward of 
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Fig. 2 Evidence of former ice movement from west to east across 
the Ablation Point area. 
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Fig.3 Evidence of former ice movements sub-parallel to George 
VI Sound in the Batterbee Mountains area. 


the two ridges. The presence of striated clasts and mechanical 
analysis of the matrix confirm that the deposit is till but with 
signs of water activity (mean ¢ 2.09, sorting 4.19, skewness 
—0.02, kurtosis 0.96). Radiocarbon dating of the outer fraction 
of the barnacles produced an age of 6,930+60 and the inner 
fraction 7,200 +50 (SRR-1500). If one allows for a correction 
factor of ~750 yr for the ‘*C deficiency in Antarctic waters 
based on radiocarbon dates on modern shells in the Antarctic 
Peninsula area‘’*’'* then the adjusted dates come out as 7,700 
and 7,950 radiocarbon yr BP. This Holocene age is fully consist- 
ent with the results of amino acid analysis which revealed total 
D/L ratios of 0.028 and 0.01 (AAL 1298). The position and age 
of the barnacles implies that they were growing in George VI 
Sound around 8,000 yr ago and that subsequently they have 
been incorporated in the ice shelf moraine. There are two 
possible implications pertinent to the Holocene history of the ice 
shelf. The most likely is that the barnacles were growing in an 
ice-free Sound ~8,000 yr ago and the ice shelf has built up 
subsequently. The other less likely possibility is that the 
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barnacles were growing beneath the ice shelf; in this case the 
implication is that the ice shelf has not been materially thicker 
than at present for ~8,000 yr (although it is possible that it has 
been thinner and less extensive). 

These results of investigations in the Alexander Island and 
Antarctic Peninsula area yield five conclusions relevant to the 
history of the West Antarctic ice sheet. 

(1) During the last maximum glaciation separate ice domes 
were centred over both Alexander Island and the Peninsula. 
This represents an ice thickness less than that predicted on 
theoretical grounds in the CLIMAP reconstructions”. 

(2) Amino acid analyses on shells suggest that the last maximum 
was achieved in the Wisconsin and followed an interval when the 
Sound may have been free of ice, perhaps during the last 
interglacial. 

(3) George VI Ice Shelf, one of the most sensitive to environ- 
mental change in West Antarctica, has apparently reformed in 
the last 8,000 radiocarbon yr following a period of warmer 
conditions when the Sound was ice-free. 

(4) Ice sheet fluctuations in this part of West Antarctica, espe- 
cially the signs of a warmer period ~8,000 yr ago, seem to be in 
phase with world environmental changes as reflected for exam- 
ple by deep sea cores’® and recent ice cores’’. 

(5) With regard to the hypotheses concerning the possible 
instability of the West Antarctic ice sheet, one can conclude that 
in this sector: the ice in the last maximum was thinner than 
previously supposed and that there is no sign of progressive ice 
sheet collapse; rather there seems to have been an expansion in 
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Our understanding of early metazoan evolution is being rev- 
olutionized by recent discoveries of pre-trilobite faunas. A 
fascinating aspect of this evolution is the appearance and 
development of metazoan skeletal parts near the Precambrian- 
Cambrian boundary. Fossils of these parts are best known from 
the lowermost stage (Tommotian) of the Cambrian in Siberia 
which contain archaeocyathids and small shelly fossils, the latter 
commonly of phosphatic composition’. Although the sudden, 
in terms of geological time, appearance of metazoan hard parts 
near the boundary is recognized as an outstanding evolutionary 
event, none of the proposals given to explain the ‘Cambrian 
explosion’ (see refs 4-6) has been widely accepted. Additional 
information from areas outside Siberia is now needed to 
broaden our knowledge on early Metazoa, and to assist a 
geological team, the Precambrian—Cambrian Boundary Work- 
ing Group of the International Union of the Geological 
Sciences, that is locating, defining and correlating the Pre- 
cambrian—Cambrian boundary on a world-wide basis. Here we 
report the discovery of a small fauna of microfossils near the 
boundary in the Mackenzie Mountains. New forms are present 
and a known species is used for correlation with the classic 
Precambrian-Cambrian sections in Siberia and successions 
elsewhere. 
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the last 8,000 yr as George VI ice shelf reformed, the West 
Antarctic ice sheet is able to survive without the presence of 
George VI ice shelf; so long as the ice shelf survives, then there is 
no need to fear imminent West Antarctic ice sheet collapse due 
to climatic warming as proposed by Mercer. 

We thank NERC for financial support, the British Antarctic 
Survey for logistic support, Drs G. Oliver and W. Newman for 
identifying the shells, Dr D. Harkness for radiocarbon dating, 
Dr J. T. Andrews for amino acid analysis and Professor F. 
Oldfield for magnetic susceptibility measurements. 
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Fig. 1 Map locating sections 35, that containsshelly microfossils 

at GSC locality 94597, and 33. Section 35 is located between lat. 

63°22-5', long. 128°38.75' (base of section) and lat. 63°22’, long. 
128°35.75' (top of section). 
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A sample from the Mackenzie Mountains (Geological Survey 
of Canada (GSC) locality 94597) collected by one of us (W.H.F.) 
yielded shelly microfossils after 660 g of limestone was digested 
in dilute acetic acid ~10%). The sample is from stratigraphic 
section 35 (ref. 7), located between the Keele and Natla Rivers, 
Northwest Territories (Fig. 1). Note that the sample came from a 
horizon 3,065 feet (934 m) stratigraphically below the next 
youngest fossil locality (GSC locality 94599) (Fig. 2) which is 
located in the Sekwi Formation’ and yields cf. Parafallotaspis 
grata Fritz, the oldest described trilobite species from North 
America. GSC locality 95497 is in the middle of a 135 foot 
(41.4 m) thick limestone unit that has been correlated with map 
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Unit 11 (ref. 7), an informal stratigraphic unit recognized by 
Blusson’ a short distance to the east. In addition to the micro- 
fossils documented here, stromatolites and burrows were noted’ 
at GSC locality 94597. These latter fossils, together with the 
light colour of the limestone, suggest the sampled limestone was 
deposited in shallow water. 

The following microfossils were obtained: (1) A single spe- 
cimen of Protohertzina cf. P. anabarica Missarzhevsky'° (Fig. 
3a~c). Both ends are broken, but the specimen is otherwise well 
preserved. P. anabarica is the genotype and four other species 
have been described'””'’. The genus belongs to a group of 
phosphatic fossils known as protoconodonts that may form one 
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Fig. 2 Lower half of GSC stratigraphic section 35, Mackenzie 

Mountains, Northwest Territories. The shelly microfossils are from 

GSC locality 94597 near the base of the section. The earliest 

trilobites in this section are from GSC locality 94599, but else- 

where in the area the first trilobites occur slightly lower at about 30 

feet (9.1 m) below the boundary between the Sekwi Formation and 
map unit 13 (ref. 8). 
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Fig. 3 Scanning electron 
micrographs of gold- 
palladium coated micro- 
fossils from GSC locality 
94597. Each specimen is 
given a type number for 
storage in the National 
Type Fossil Collection, 
Geological Survey of 
Canada, Ottawa. a-c, Proto- 
hertzina cf.  anabarica 
(GSC 45338). a, Posterior 
view; b, transverse section 
of distal end; c, transverse 
section of proximal end. d- 
e, Silicified concayo—convex 
microfossils of uncertain 
systematic position. d, Side 
view of GSC 45339; e, top 
view of GSC 45340. f-h, 
Microfossils, composed of 
agglutinated clay plates, 
possibly of foraminifer 
affinities; f, top view of GSC 
45341; g, detail of exterior 
surface of GSC 45342 
showing clay plates; A, side 
view of GSC 45343. Scale 
bars, 20 um (g); 100 um (b, 
c), 200 pm (a, d, e, f, h). 


end of an evolutionary series leading to the true or eucondonts*. 
(2) Approximately 12 fossils composed of agglutinated platy 
grains, apparently of a clay mineral (Fig. 3g). The fossils are 
roughly orthoconical and in basal outline are irregularly oval 
(Fig. 3f,4). Several phyla have representatives with agglu- 
tinated tests, but the small size of these fossils prompts 
comparison with protistans and in particular the Foraminifera. 
The Lower Cambrian Platysolenites and Spirosolenites, regarded 
as the earliest agglutinated foraminifers, have a tubular form 
that is elongate in Platysolenites and coiled in Spirosolenites'**'*. 
The agglutinated foraminifer Iridia, which belongs to the primi- 
tive suborder Allogromiina** has an irregularly hemispherical 
test, although with pseudochitinous base. As such a base is most 
unlikely to be fossilized, a comparison between the extant Iridia 
and these fossil forms may be valid (no intimate systematic 
relationship is at present claimed), and individuals of the latter 
may have lived adpressed to the substrate with pseudopodia 
extending from the margins. (3) About 200 silicified fossils with 
a pronounced concavo—convex shape (Fig. 3d, e). The degree of 
convexity varies, but hemispherical types predominate. In basal 
outline the specimens are usually slightly oval, but more elon- 
gate configurations are not uncommon. The lack of diagnostic 
shape or surface ornamentation precludes any useful specula- 
tion on their zoological affinites. This assemblage may well 
contain several different taxa. Use of very dilute acid (~1%) 
during rock digestion may produce more complete specimens. 

Protohertzina anabarica has been recorded from the Siberian 
Platform (Anabar Shield) and Kazakhstan (Malij Karatau 
Ridge)’. In the north-west region of the Anabar Shield P. 
anabarica ranges through the latest Precambrian (?) Nemakit- 
Daldyn (= Manykay) Horizon’, and in Kazakhstan it occurs in 
equivalent strata’. The Nemakit-Daldyn Horizon, which has 
been correlated with the upper beds of the Yudoma Suite in the 














classic Aldan River sections (refs 1, 2 and Rozanov in ref. 17), 
has a sparse shelly fauna which in addition to protoconodonts 
includes the worm tubes Paleolina and Anabarites trisulcatus 
(ref. 1 and Savitsky in ref. 17). A richer shelly fauna of Tom- 
motian aspect has, however, been discovered close to the top of 
the Horizon near the type locality for P. anabarica’’ on the 
Kotujkan River in the Anabar Shield'”. Current Soviet usage? 
generally places the Precambrian—Cambrian boundary at or 
very close to the first appearance of this richer fauna. Micro- 
fossils identified as P. anabarica have also been reported from 
the upper part (Huangshandong, Zhongyicun and Sia- 
owaitoushan members; the latter two formerly comprised the 
Meischucun Formation) of the Tongying Formation” which is 
regarded as equivalent to the Tommotian of Siberia. 

The presence of P. cf. anabarica in map unit 11 suggests that it 
is probably equivalent to part of the Nemakit—Daldyn Horizon 
or the lowermost Tommotian. Thus, according to current Soviet 
definition, the unit is close to the Precambrian—Cambrian 
boundary. If this correlation is correct the equivalents of the 
Tommotian Stage probably lie within map unit 12 and perhaps 
13 (Fig. 2). The possibility remains that P. cf. anabarica has a 
higher stratigraphic range in the Mackenzie Mountains, but the 
great stratigraphic sequence (3,065 feet, 934 m) between P. cf. 
anabarica and the lowest Cambrian trilobites indicates other- 
wise. 

Additional samples from the Mackenzie Mountains and 
elsewhere in the North American Cordillera are being proces- 
sed, but the paucity of carbonate beds near the Precambrian- 
Cambrian boundary means that recovery of further microfossils 
may be limited. Recovery of other microfossils, such as acri- 
tarchs, through the use of stronger acids on clastic rocks has only 
begun and has so far met with limited success. Trace fossils in 
section 35 and nearby sections’ should be studied for evidence 
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of the pronounced diversification noted near the Precambrian- 
Cambrian boundary elsewhere in the world (see review in ref. 


20). Preliminary field work at nearby section 33 (Fig. 1) provides 


grounds for optimism that this fossil diversification also exists in 
the Mackenzie Mountains (M. Fedonkin, personal com- 


munication). It is to be hoped that the diversification events in — 


trace and shelly fossils can be tested against each other thereby 
improving intercontinental correlation..of the Precambrian- 
Cambrian boundary. 
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Several species of aquatic bacteria which orient in the Earth’s 
magnetic field and swim along magnetic field lines in a preferred 
direction (magnetotaxis) have been observed in marine and 
freshwater sediments of the Northern Hemisphere’’. Their 
orientation is due to one or more , intracytoplasmic chains of 
single-domain magnetite particles’. These linearly arranged 
particles impart a net magnetic dipole moment to the bacterium, 
parallel to the axis of motility. Northern Hemisphere magneto- 
tactic bacteria with unidirectional motility swim consistently in 
the direction of the magnetic field, that is, to the geomagnetic 
North’*, This implies that their magnetic dipole is systematic- 
ally orientated with the North-seeking pole forward. The 
magnetic polarity can be reversed by single, magnetic pulses of 
high field strength (1-2 ps, 300-600 G), and these bacteria then 
swim along magnetic field lines to the South". Due to the 
inclination of the Earth’s magnetic field, magnetotactic bacteria 
which swim te the North in the Northern Hemisphere are 
directed downward at an angle increasing with latitude. It has 
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been suggested that this downward-directed motion confers a 
biological advantage by guiding the bacteria, when dislodged, 
back to the sediments’. On the basis of this hypothesis, 
magnetotactic bacteria of the Southern Hemisphere would be 
expected to swim to the South to reach the bottom. We report . 
here several morphological types of magnetotactic bacteria 
present in sediments of the Southern Hemisphere. These 


` bacteria indeed swim consistently to the South, hence downward 


along the Earth’s inclined magnetic field lines, as hypothesized. 
As revealed by electron microscopy, they contain internal chains 
of electron-opaque particles similar to those observed in 
magnetotactic bacteria from the Northern Hemisphere. Like 
their Northern Hemisphere counterparts, their magnetic 
polarity can be permanently reversed and they cannot be 
demagnetized. We also report on Northern Hemisphere 
magnetotactic bacteria incubated in Southern Hemisphere 
magnetic conditions, confirming the biological relevance of 
downward directed motility. 

Bacteria were collected from marine and freshwater sedi- 


ments in the vicinities of Christchurch, New Zealand, and 


Hobart, Tasmania, Australia. These locales offered ecologically 
diverse habitats with geomagnetic characteristics (inclination 
68-73°S at a total magnetic intensity of 0.59-0.63 G) approxi- 
mately the mirror image of Northern Hemisphere environments 
where magnetotactic bacteria are found. Magnetotactic 
responses. were recorded by optically monitoring bacterial 
motion in uniform magnetic fields of 0.2-2 G, provided by a pair 
of Helmholtz coils mounted to either side of a Zeiss OPMI 1 
operation microscope (magnification 83.2; working distance, 

10 cm). The Helmholtz-coil axis was aligned with the horizontal 


component of the Earth’s magnetic field; the polarity of the 


imposed field was selected by a toggle switch. The coils and the 


i dark-field illuminator were battery operated. In the coil system, 
-both freshwater and marine bacteria migrated along magnetic 


field lines in the direction opposite to that indicated by a 
magnetic compass needle. On reversal of the field, the organisms 
executed U-turns and swam opposite to the initial direction. The 
rates of migration were comparable to those observed in 
Northern Hemisphere bacteria. Thus, the magnetotactic 
responses of Southern Hemisphere bacteria are similar to those 
of the Northern Hemisphere species, except for their magnetic- 
ally opposite direction of migration (South-seeking magneto- 
tactic bacteria have also been observed in Victoria, Australia’). 

Transmission electron microscopy of bacteria magnetotac- 
tically separated from sediments was carried out at the Uni- 
versity of Canterbury, Christchurch, New Zealand, using a 
Hitachi HS-7S electron microscope operating at 50 kV. Samples 
were placed on parlodion-coated, carbon-reinforced, 300-mesh 
copper grids, and were lightly stained with uranyl acetate. 
Magnetic cells of various morphological types were observed to 
contain one or two chains of intracytoplasmic electron-opaque 
particles which vary in size and shape with cell type (Fig. 1). 
Thus, Southern | Hemisphere magnetotactic bacteria also possess 
magnetosomes’, the characteristic morphological feature of all 
magnetotactic bacteria examined thus far. 

To establish the ferromagnetic nature of their orientation 
mechanism, bacteria were subjected to alternating 50-Hz 
magnetic fields over 1,000 G, produced by a small hand-held 
Magnetic tape degausser (Tandy Corporation). Northern 
Hemisphere and Southern Hemisphere magnetotactic bacteria 
were examined in separate water drops on a microscope slide 
before and after exposure to the alternating magnetic field. On 
exposure, the degausser was slowly moved away from the water 
drops to obtain the field decay required for demagnetization. 
Whereas before exposure all the cells in these samples swam 
exclusively either to the North or to the South, after exposure 
each sample contained approximately equal numbers of North- 
and South-seeking cells. Magnetic reversals were also effected 
by approaching individual bacteria at the water—air interface 
with a sharp, magnetized needle. These observations indicate 
that bacteria from both hemispheres physically function as 
single-domain magnetic dipoles, in agreement with previous 
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remagnetization studies using strong magnetic pulses of short 
duration’. 

In experiments carried out in Massachusetts, sediment 
samples containing North-seeking bacteria from New England 
were placed in an experimental chamber in which the vertical 
component of the local Earth’s magnetic field was inverted, 
reproducing conditions in the Southern Hemisphere. Control 
samples were placed in a similar chamber with a field of normal 
inclination. The polarities of cells from the samples were 
determined periodically for several weeks, that is, over many 
generations. Whereas all samples contained almost exclusively 
North-seeking cells at the beginning of the experiment, with 
time the number of North-seeking cells in the experimental 
chamber decreased dramatically, and South-seeking bacteria 
gradually predominated. In the control samples no such changes 
occurred. Thus, downward-inclined fields select for North- 
seeking bacteria whereas upward-inclined fields select for 
South-seeking cells. This demonstrates that the vertical 
component of the Earth’s magnetic field is the relevant 
parameter determining the predominant cell polarity. 
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Fig. 1 Electron micrograph of a magnetotactic bacterium 
separated magnetically from freshwater sediments of New Zealand 
and stained with uranyl acetate. Inset shows one of two chains of 
particles found in a freshwater magnetotactic coccus of New 
Zealand. Both photographs are presented at the same 
magnification (scale bar = 1 pm). Whereas the particles shown in 
the inset are similar to those found in Northern Hemisphere 
magnetotactic bacteria, those in the rod-shaped species have a 
novel shape. 


In conclusion, the prevalence of South-seeking magnetotactic 
bacteria in Southern Hemisphere sediments and in samples held 
in similar magnetic conditions in the Northern Hemisphere 
verifies the hypothesis that downward-directed motion is 
advantageous for and upward-directed motion detrimental to 
the survival of these magnetotactic bacteria with unidirectional 
motility. Magnetotaxis is a reliable means of keeping these 


microorganisms in or near the bottom seciments. As particles in 
the micrometre size range with densities close to 1.0 tend to 
remain suspended in water, gravity is virtually inconsequential 
in determining the vertical distribution of the bacteria. 

The Earth's magnetic field provides a global orientation cue to 
which various organisms are known to respond. Only recently 
have detection mechanisms based on electromagnetic 
induction’ and ferromagnetic alignment? been explained. In 
the bacteria, nature has shown the bidlogical feasibility of 
synthesizing a highly organized ferromagnetic structure 
equivalent to a magnetic compass needle 
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Cole, L. Greenfield and W. D. Parkinsen for hospitality and 
co-operation, M. Ingerfeld for assistance with electron micro- 
scopy, and H. Stram, D. Lobel, J. Perc, V. Kalmijn and T. 
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The ability to stand upright and walk on two legs is widely 
recognized as a crucial hominid adaptation that had profound 
effects on the course of human evolution. The relief of the upper 
limb from the task of supporting the trunk in locomotion would 
have permitted the efficient carriage of food, infants and later 
tools and weapons. Any or all of these activities could, it is 
believed, have improved the differential survival of early 
hominids. Precisely when upright stance anc bipedal gait were 
first acquired within the hominid evolutionary line is not known, 
and so the discovery of apparently bipedal footprints of Pliocene 
age at site G, Laetoli, Tanzania is important im itself’*. A study 
of the footprints, reported here, has showr that when these 
hominids walked, they transmitted their body weight and the 
forces of propulsion to the ground in a manner very similar to 
that of modern man. 

Most of the evidence for early hominid upright posture and 
bipedal gait has been deduced from the enatomy of fossil 
hominid lower limb and pelvic bones from several African sites, 
including Sterkfontein and Swartkrans in the Republic of South 
Africa, Olduvai Gorge in Tanzania, Koobi Fera (formerly East 
Rudolf) in Kenya and the Afar site in Ethiapia*'’. Opinions 
have varied as to the degree of adaptation to bipedalism that the 
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study of these fossil remains has disclosed'*"'’. The dates 
recorded for the sites where fossil hominid lower limb and pelvic 
bones have been found span from about 1.5 to 3.0 Myr BP, so 
that the discovery of what are believed to be bipedal footprints 
in 1978 and 1979 in a tuff dated at 3.6-3.75 Myr BP has added 
nearly 0.75 Myr to the known antiquity of bipedalism. 

The fossil footprints of three individuals were made in a fine 
grained volcanic ash that subsequently became damp, perhaps 
after rain, and consolidated into a tuff retaining the imprints, 
often in considerable detail. 

Because footprints made during walking reflect the way in 
which weight and propulsive forces are transmitted to the 
ground, we have compared the fossil footprints with those of 
modern man made experimentally on ground of similar consis- 
tency. Modern human footprints were made by walking over wet 
sand (grade 25/52, that is 0.30-0.6-mm grain size) in the 
laboratory so that clear impressions were made and retained for 
stereophotography. The instrument used was an Officene- 
Galileo stereometric camera on a 560-mm base, and the stereo 
images produced were contoured at 2-mm intervals on a 
Thompson-Watts Mk 2 plotting instrument. This technique— 
photogrammetry—is widely used by surveyors and map-makers 
as a precision method of determining surface form. The 





Cortour interval 2mm 
Scale 1:1 





experimental footprint contour diagrams (Fig. 1) show the 
various depths that resulted from the differing pressures exerted 
on the ground in walking; the darker the colour, the deeper the 
impression. Similar diagrams were prepared from stereo- 
photographs of replicas of three fossil footprints from two 
individuals (Figs 2; 3). 

The remarkable similarities between the modern human 
footprint contour patterns and those of the fossil hominids can 
be seen at a glance. In more detail, heel and ball impressions are 
clear and transfer of weight and force progresses from heel to 
ball on the outer side of the foot outlining a medial arch. The 
heel and ball impressions are deep and surrounded by an 
irregular figure-of-eight pattern in each case. The ball impres- 
sions have oblique principal axes that run anteromedially 
towards the base of the great toe, where the impressions are 
especially deep, and lead on to the great toe impression itself as 
it digs into the soft ground during walking. 

The similarity of the contour patterns of the three fossil 
footprints to the modern human examples is striking confirma- 
tion of the bipedal nature of the gait of the Laetoli Site G 
hominids already claimed from the footfall sequence’. The 
pattern of weight and force transference through the foot, well 
known in modern man", also seems to be very similar in the 


Fig. 1 Modern human female (a) 

and male (6) soft ground walking 

footprints. Contoured at 2-mm 
intervals, 
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Fig. 2 A right fossil hominid footprint from site G, Laetoli. The 





fossil footprints and indicates that even at this early stage of 
hominid evolution bipedalism had reached an advanced and 
specialized stage. Ironically these fossil hominid footprints from 
Laetoli provide locomotor evidence without a single adult fossil 
hominid limb bone being known from the site. Nonetheless 
Pliocene hominid footprints, and their comparison with 
experimental modern human equivalents, may well prove to be 
more convincing evidence of early hominid bipedalism than 
osteological or morphometric analysis of fossil bones. 
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Tanzania, Mr A. J. N. Mgina, Ngorongoro Conservation 
Authority, for help and cooperation; the Research Endowments 
Committee at St Thomas’s Hospital for support, and colleagues 
in the Department of Photogrammetry and Surveying, 
University College London. 
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Fig. 3 Left (a) and right (5) fossil 
hominid footprints from a larger 
individual that also show striking 
similarities to those of modern 
man. Contoured at 2-mm intervals. 
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In ants, early experience seems to influence the development of 
aggression’? and the recognition of cocoons**, but there has 
been no investigation of such influences on the ants’ relationship 
with their habitat. There are, however, many descriptions of the 
use of plants as nests (Azteca’, Colobopsis", Oecophylla” and 
Pseudomyrmex", for example), while habitat selection based on 
early experience is known among some vertebrates, principally 
amphibians", birds‘ and mammals’. In this context, my 
hypothesis is that the preference of an ant for a plant can be 
induced on the basis of previous entrainment to a plant stimulus. 
Using ants of the sub-family Formicidae, Camponotus vagus 
Scop. and Formica polyctena Först., I have demonstrated that 
early experience can induce an environmental preference and 
may explain specific associations that can be found in the wild 
between ants and plants. 

C. vagus and F. polyctena seem to have close affinities with 
plants. The former lives inside wood, while the latter builds 
nests of twigs or pine needles. The two species are common in 
France, and colonies were collected either in Provence (near 
Vaison-la-Romaine, Vaucluse) in the case of C. vagus, or the 
Rambouillet forest (Yvelines). Laboratory colonies were 
established using very young ants which all emerged on the 
same day and which were placed in a glass tube (22 x 2cm) 
with a source of water at the closed end, providing the 
necessary humidity; an envelope of black card obscured the 
light. | i. 

Colonies comprised 25-45 individuals, depending on the 
number of ants eclosing weekly. Three 5-cm sprigs of thyme 
(Thymus vulgaris L.) were placed near the water reservoir in 
the experimental colonies. Control colonies had no thyme. 
Sprigs wete replenished each week during the training period 
which lasted 30 days for C., vagus and 21 days for F. polyctena. 
Food consisted of honey and water. All colonies were then 
transferred’ to tubes without thyme for 24h; then, 
anaesthetized with carbon dioxide, each colony was put into a 
plastic box equidistant from two lateral horizontal plastic 
tubes fixed into the sides, one of which was randomly chosen 
to contain thyme (to avoid any effect of laterality). 

Each tube was a potential nest. The apparatus was 
illuminated isotropically, with white light, so that the interior 
of each tube (covered by an envelope of black card) was 
relatively dark. On recovery from anaesthesia, the ants, 
avoiding the light, explored the box and finally chose the 
shade in one of the tubes. On the following day the ants in 
each tube were counted. This choice test was applied to 15 
control and 9 experimental colonies of C. vagus, and 9 control 
and 13 experimental colonies. of F. polyctena. The few ants 
remaining in the box weré also counted but not included in 
the determination of colony preference. This preference was 
evaluated as the difference between the number of ants that 
chose the nest with thyme and the number that chose the nest 
without thyme. . | 

Table 1 shows that all colonies of C. vagus trained to the 
thyme stimulus chose the tube containing thyme. Conversely, 
all but one of those familiarized to an environment without 
thyme preferred the tube without thyme. But even this colony, 
although found in the tube that had contained thyme at the 
beginning of the test, moved all the sprigs into the plastic box. 
Nevertheless, I decided that this colony had chosen the thyme 





Table 1 Behaviour of young C. vagus and F. pelyctena 


eran neers etter henner Frere fA ETP A AION BRAN NPR PTE NN ni 
manemane rimerni nannan AAA naan eaa AA A a eaaa a ATR anaana EH aaaea a 


C. vagus Experimental 
colonies 9 La 4} 9 
Control | 
colonies 15 72 330 1 
F. polyctena Experimental 
colonies 13 348 33 il 
Control | 
colonies 9. 8&9 181 2 


Experimental colonies comprised 25-30 workers, and control 
colonies 30 workers for C. vagus; experimental and control colonies 
comprised 25-45 workers for F. polyctena. N, number of colonies; T+, 
ants that preferred the tube with thyme for all colonies; T--, ants that 
preferred the tube without thyme; d, colonies in which T+ > T~. 


side. In fact, the two tubes were empty when the count was 
made. 

I used non-parametric statistical analysis: at the colony 
level, the y? total correlation is highly significant (y>= 16.5; P 
<0.01). This analysis was applied to all the colonies to test 
the nul hypothesis of a randomized distribution of the colonies 
between two possibilities (preference for thyme/preference for 
empty tube). The same test applied only to each group as a 
whole (experimental or control) confirms my frst 
observations: in both cases the probability that the results 
represent a randomized distribution of the colonies during the 
choice test is less than 0.01. Thus the preference of the 
experimental group for the nest containing thyme is significant 
(z? =8.8), as is that of the control group for the empty nest (7? 
== | 1.3). 

Wilcoxon's test gave the same results, but more precisely 
than 77. It enabled me to classify the colonies on the basis of 
the difference between the number of ants in the colony that 
preferred the tube with thyme and the number in the colony 
that preferred the empty tube. In other words, it enabled me 
to associate the qualitative and quantitative aspects of the 
preference (the tables show only the total group values). 

In terms of the number of ants involved (namely their 
individual preference), y7, either total or calculated for each of 
the two groups, is highly significant, regardless of the fact that 
the colonies were artificially set up. However, there is a need 
for caution because each ant’s choice between the two artificial 
nests is not standard: each new entry into a tube may be 
qualitatively different from the preceding entry. 

The same applies to F. polyctena, as Table 1 shows, 
although after choosing the tube containing thyme, the two 
control colonies did not expel the sprigs. The same statistical 
treatment shows again that the behaviour of the colonies as a 
whole was heterogeneous (y7=6.19; P<0.02) and the 
experimental colonies had a significant preference for the tube 
containing thyme (y*7=6.23; P<0.02). But the same test 
applied to control colonies gives a non-significant value (x? 
== {.77). Wilcoxon's test does not improve the precision (only 
significant for the experimental group). However, the 
comparison of individual ant preference for the tube without 
thyme in the controls becomes significant (7? = 31.3; P<0.01); 
nevertheless, it should be remembered that treatment of the 
individual results increases the information but modifies 
somewhat the significance of the choice test. 

Thus, the behaviour of these two species differed according 
to previous experience: the experimental colonies, trained to 
thyme, chose the tube containing it, while the control colonies 
preferred the tube without thyme. However, these results were 
more clear-cut for C. vagus. 

To test the possible importance of age, I examined 
environmental preference in older ants, collected from nests in 
the same localities as before. These experiments were carried 
out at the end of the season, when I could form only seven 
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colonies of C. vagus and five of F. polyctena, to which the 
same training period and bioassay was applied. Table 2 shows, 
first, that adult ants reared in the presence of thyme suffered 
heavy mortality: 48.6% for C. vagus and 56.6% for F. 
_polyctena (compared with 9.8% and 5.8%% for the young ants). 
It seems to be deleterious for naive adult ants to be exposed to 
this plant, for which they have a spontaneous aversion (as 
known already in insects'®). The aversion was revealed by the 
distribution of the workers, especially at the beginning of the 
training period: most of them remained close to the sprigs, 
rather than within the thyme as the young workers had done. 
In ‘the choice test, statistical analysis revealed responses 
| less clear than for the young ants. Preference for the 
en pty tube seemed to be clear-cut for C. vagus ta = 5.14; 0.05 
>P>0.01), but not significant for F. polyctena (y* =5.26; 0.05 
>P>0.01). 

Adult ants trained to the thyme always seemed to prefer a 
tube without thyme, even if this preference (in particular for F. 
polyctena) appeared less pronounced than for control colonies. 
Although the high mortality of the adults exposed to thyme 
affected the number of individuals, the sensitivity of the young 
workers seemed to be greater and their age more favourable 
for the establishment of an environmental preference. 

The behaviour of workers in the presence of thyme varied 
according to age. Mature ants avoided contact with the plant 
more often than not, while the young ants entered the sprigs. 
This difference may enable the latter to develop an active 
preference for thyme on the basis of its presence during the 
neonatal period. 






Table 2 Behaviour of mature C. vagus and F. polyctena 


N T+ T- do 
C. vagus 7 1! 115 0 
__F, polyctena | 5 28 48 2 





In each case there were 35 worker ants. 


There have been reports of avoidance conditioning in 
mature. ants for the odour of peppermint {used as a 
conditional stimulus)'’:'®, But the preference reported here 
could resemble more the olfactory conditioning discovered by 
Thorpe and Jones? as in  twọ species of 
Drosophila?™?!, which if reared in a culture medium scented 
with peppermint oil, later showed a positive response to that 
odour. However, that phenomenon, which is difficult to 
interpret??, develops only when peppermint is presented 
simultaneously with food during training?*. Conversely, in my 
experiments food was presented very briefly at the nest 
entrance, away from the thyme. 

I suggest that the induction of the preference for divine in 
young ants is due to either passive familiarization or an 
association between favourable environmental factors (for 
example darkness and/or humidity in my experiments) and the 
odour of the plant. The repulsive nature of plant odour for 
young ants has not been established, and their sensory 
receptors might increase progressively in sensitivity as the ants 
develop, as shown for the phytophagous larva of Manduca 
sexta reared on a plant that it normally finds unacceptable?+. 
A mechanism of this type, but independent of feeding, may 
contribute to the development of relationships of the sort 
involving the ants Azteca or Pseudomyrmex, which live 
exclusively on the plants Cecropia or Acacia, respectively. 
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Kuffler’ described the receptive fields of cat retinal ganglion 
celis as having a concentric arrangement. This has usually been 
taken to mean that they are approximately circular in form (see, 
for example, ref. 2). Hammond? tested the circularity of the 
centre component of receptive fields by plotting a contour of 
isosensitivity to a small flashed spot. He concluded that centres 
were often elliptical (average ratio of major to minor axis 1.23) 
and that more than 50% of the recorded cells had the major axis 
oriented within +20° of the horizontal. Such data are important 
for discussions* of the neurophysiologica’ basis of the ‘oblique 
effect’ (reduced visibility for periodic grating patterns when 
oriented away from the vertical or horizontal} observed in 
psychophysical experiments on humans because subcortical 
units are often assumed to be orientationally unbiased. Orien- 
tation selectivity is a prominent attribute of visual cortical 
neurones’ so analysis has usually emphasized the distribution of 
orientation selectivity at that level®*. The results presented here 
redirect attention to the retinal level since they reveal a pre- 
viously unsuspected systematic relation between orientation 
bias of ganglion cells and their location relative to the area 
centralis. 

Experiments were conducted on adult cats anaesthetized for 
surgical procedures with 1-2% Fluothane and maintained dur- 
ing data collection on a 70:28-5:1-5 mixture of nitrous oxide, 
oxygen and carbon dioxide, usually supplemented by inter- 
mittently administered urethane (about 0.6g per day). Eye 
movements were controlled by continuous infusion of gallamine 
(5 mg per kg per h) and tubocurarine (0.7 mg per kg per h). The 
paralysis necessitated artificial ventilation. Extracellular 
recordings were made from ganglion cells with a tungsten-in- 
glass electrode” passed through a cannula penetrating the globe 
so as to leave the natural optical system undisturbed. Because 
optical quality of the retinal image may influence results special 
precautions were taken as follows. Corneal refraction was 
modified with a plastic contact lens of spherical form and zero 
power. The resulting ocular refraction was measured with a 
Hartinger refractionometer. The point of passage of the axis of 
the instrument through the dilated natura! pupil (1% atropine 
drops) was adjusted so as to minimize astigmatism. An artificial 
pupil (3 mm diameter) was centred on this axis and close (about 
1 mm) to the contact lens. The combination of spherical and 
cylindrical lenses indicated by the refractionometer was placed 
next to the pupil and further measurements were made to 
confirm the emmetropic state. | 

The stimulus was a- sine wave grating - contrast 0.5, mean 
luminance 82 cd m°) drifting slowly (2 bars per s passing a given 
point) across the receptive field. The pattera was generated as a 
raster on the face of a cathode ray tube (Tektronix 608) which 
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was centred on each receptive field in turn by means of a gimbal 
mounting. The orientation of the bars of the grating was 
controlled by a Dove prism also carried on the gimbal. The 
visual subtense of the pattern through the prism was about 20°. 
The screen was focussed at optical infinity with a +4 dioptre lens 
placed close to the prism between screen and prism. A computer 
(Hewlett Packard 2100) controlled both the production of the 
raster and the measurement of trains of impulses constituting 
the responses of a ganglion cell. The instant when a particular 
phase of each cycle of the grating passed the centre of the screen 
provided the synchronization for accumulating usually 100 
cycles of response as a ‘peri-stimulus time histogram’ (PSTH). 
As the spatial frequency of a grating was increased over the 
range 0.03-8 cycles per degree, modulation of a ganglion cell’s 
discharge first increased to a maximum, then decreased. By 
working near the high-frequency limit for a modulated reponse 
from each ganglion cell it was easy to find instances where 
response, modulation was strongly influenced by grating orien- 
tation. The orientations yielding maximum and minimum 
modulation were generally 90° apart. Two obvious examples are 
shown in Fig. 1. A convenient measure of response is the 
amplitude of the first harmonic component obtained by Fourier 
analysis of the PSTH. In the examples of Fig. 1 the ratio of 
maximum to minimum response was 3.2 for unit 1 and 10.7 for 
unit 2. In a sample of 250 units from five cats the distribution of 
the ratio ranged from 1.0 to 18.7 with the median at 1.86. By 
extrapolating the relations between response and spatial 
frequency to determine the spatial frequency at zero response 
(‘cutoff frequency’) for best and worst orientations, the 
behaviour may.also be expressed as a ratio of cutoff spatial 
frequencies. Ratios of up to 1.6 have been encountered. Clearly 
the orientation dependence is a definite effect. However, the 
dependence was insignificant in 30% of the cells tested and this 
may explain why it was not reported previously’. 

In several animals where data were collected from many 
ganglion cells in a local patch of retina, it became evident that 
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Fig.1 Peristimulus time histograms (8 ms bin width) of responses 
to a sinusoidal grating (contrast 0.5) at various orientations 
(indicated schematically down centre column) drifting at a constant 
rate (2 c.p.s.) across the receptive field of two ganglion cells: left, 
on-centre brisk-sustained type; right, on-centre brisk-transient. 
Same vertical scale (solid bar at right of each, 100 impulses per s) 
for all PSTHs. Spatial frequencies indicated at bottom are just 
below the highest resolvable by each unit. The preferred orien- 
-tations were judged to be 30°, 150° respectively. The positions of 
the cells relative to the area centralis are indicated (1, 2) in Fig. 2. 
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Fig.2 Preferred grating orientation in relation to retinal location. 
Positions of receptive fields are indicated by symbols (keyed to unit 
class, top right} on a tracing of a fundus photograph showing 
pattern of blood vessels and centre of area centralis (spoked wheel 
symbol}. A line through a symbol indicates the preferred orien- 
tation of that unit (no line~no orientation bias). The two units of 
Fig. 1 are distinguished: 1, 2. The arrow points along the line from 
area centralis to optic disk. 


there was a clustering of best orientations. Patches from various 
locations had different best orientations. The central tendency 
of best orientations seemed to be consistently parallel to the line 
joining the patch to the area centralis. The uncertainties of 
combining diverse data from various animals influenced us to 
examine a substantial number of ganglion cells in a single 
preparation. A sequence of recordings was made along an 
approximately circular trajectory completely encircling the area 
centralis. Each unit was assessed as in Fig. 1 and the best 
orientation recorded as that yielding the maximum modulated 
response. The position of the centre of each receptive field was 
transferred to a fundus photograph with the aid of three 
independent assessments: (1) direct ophthalmoscopic visualiza- 
tion of the electrode tip relative to the pattern of retinal blood 
vessels; (2) hand mapping of receptive field centres on a frontal 
tangent screen; (3) noting azimuth and elevation readings on the 
gimbal carrying the centred cathode ray tube. The photograph 
was also marked with the centre of the area centralis estimated 
from the peak of ganglion cell density in the cresyl violet stained 
whole-mount of the retina and correlation of the blood vessel 
pattern in whole-mount and photograph. 

The result is displayed in Fig. 2 which is a tracing of the fundus 
photograph. Out of 57 units examined, 52 showed definite 
orientation bias. Their positions and best orientations are 
indicated. It is evident in a statistical sense that orientation bias 
was systematically related to retinal locus. A similar result was 
obtained in another experiment of the same design. The effect 
was observed in all classes of concentrically organized ganglio 
cells‘®, : 

A particular point of interest in these results is that they 
indicate retinal regions where the information sent to the brain is 
biased in favour of obliquely oriented gratings. As far as we are 
aware, eccentric regions along oblique meridians have not been 
systematically explored in human psychophysical experiments. 
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Hippocampal pyramidal celis, among the most-studied cortical 
neurones, display several interesting properties. In particular, 
intracellular recordings in both in vivo’ and in vitro’ pre- 
parations have shown that the pyramidal neurones of the CA3 
region of the hippocampus have, in addition to the more con- 
ventional single spike, the capacity to generate spontaneous 
bursts of action potentials (APs). The burst-firing patterns have 
been well documented, but their underlying electrophysiologi- 
cal mechanisms are not completely understood. The bursts seem 
to be an intrinsic response of individual neurones and can be 
triggered by weak orthodromic stimulation or by direct 
depolarization of the somatic membrane. In molluscan and 
spinal systems, voltage-clamp techniques have revealed slow, 
voltage-sensitive, inward currents underlying this type of firing 
behaviour®”. The use of these voltage-clamp techniques to 
study this phenomenon in hippocampal neurones has previously 
been precluded by the small size of the neurones and by the | a---aControl 
difficulty of recording from them in intact preparations. 
However, the development of methodology for voltage-clamp- | 
ing with a single microelectrode (SEC)* and for the maintenance á: 
of hippocampal slices in vitro” has made it possible for us to 

examine the membrane currents in these CA3 neurones. We 

report here a slow inward current in CA3 neurones and suggest 





o—~« Ba** 


that it is carried by calcium ions. € 1 4 

Experiments were carried out on hippocampal slices from Vv.  omenmeeeeme 
guinea pigs weighing 300-700 g. Slices 400-600 um thick were 5 TT nen "Wn T 
cut transverse to the longitudinal axis of the hippocampus and ie LT ey a pone 
maintained in vitro, using standard techniques””’”. Intracellular 
recordings were obtained from CA3 neurones, using 3 M KCI- 7 
or 2M CsCl-filled micropipettes (30-50 MQ). Electrodes were : en eee 
selected carefully for current-passing capability and for rapid _neenencrenaemcces 2 | 
decay of tip potentials following cessation of current. eee en enti 

The circuit used for voltage clamping is based on that of on ass 
Wilson and Goldner*''. The technique uses a single micro- 3 
electrode and rapid switching (3,000 Hz) between voltage- Pe 
recording and current-passing modes. The membrane potential rae oe 
is sampled after the potential across the microelectrode has ï _——— 
decayed and just before return to the current-passing mode. The = = a 
sampled potential is fed into a standard voltage-clamp circuit 20 mV 
and determines the amplitude of the next current pulse. For mad 2 DA 
excursions of approximately +30 mV from rest, a steady poten- 100 ms 
tial could be reached within 2 ms. 

A standard voltage-clamp protocol was used, whereby step Fig.1  Voltage-clamp data from a CA3 neurose in the presence of 
depolarizing commands were given to the cell while the current 1 ug ml’ TTX. a, A series of depolarizing commands is given to 
response was monitored. Figure 1a shows the response of aCA3 the cell. Frames 1-3 show primarily leakage current. In frames 4-6, 
neurone, bathed in saline containing 1 pg ml” tetrodotoxin an inward-going current develops that peaks in 50-100 ms. J, 


clamp current; V., command potential. (See 14 for value of holding 
current.) b, I-V curve from same cell before and after applying a 
drop of 15 mM Ba**. Current is measured as the peak of the 
inward-going phase. Vme, membrane poteniab under voltage 


(TTX), to 300-ms commands, At small depolarizations, only the 
leakage current is seen; at larger depolarizations, a slow, 
inward-going current develops and peaks in about 50-100 ms. 


Either the inward-going current decays during the command, or clamp; Vy, holding potential. After application of Ba”™, the I-V 
an outward current develops and reverses the inward-going curve becomes net inward at about —30 mV. c, Depolarizing clamp 
trend. The total current-voltage (I-V) relationship of this cell in commands after applying Ba’. 
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normal saline plus TTX is shown in Fig. 1b; the current is 
measured with respect to zero at the peak of the inward-going 
phase. A similar inward-going current has been observed in well 
over 50 CA3 neurones. In Fig. 1c, current from depolarizing 
commands is shown from the same cell after applying a drop of 
15 mM Ba” from a coarse extracellular micropipette. It is clear 
that after the application of Ba” the total membrane current is 
less outward at all potentials, membrane current becomes net 
inward at about —40 mV (Fig. 16), and the inward-going current 
is more prominent during the depolarizing commands (Fig. Ic). 
Since it is likely that the depolarizing commands activate both an 
outward K* current and a TTX-insensitive inward current 
simultaneously, and as Ba** has been shown, in several pre- 
parations, to block K* currents'*’* as well as to substitute for 
Ca** as the charge carrier through Ca** channels'*’'*, further 
manipulations were necessary to separate the inward and 
outward currents. 

Internally applied caesium (Cs”) has been shown to block 
outward K* currents in a variety of systems'°, and we used Cs? 
loading to reduce the K“ contamination of the inward current in 
CA3 neurones. Neurones were impaled with micropipettes 
containing 2 M CsCl, and Cs* was iontophoresed for 1-10 min 
using 200-400-ms pulses at 2 Hz. Cs” injection typically 
increased the passive input resistance two- or threefold and 
seemed to block K* currents, as judged by: (1) the increased 
duration of the APs; (2) the decreased leakage conductance; and 
(3) the decreased outward current observed in voltage clamp. 
Moreover, the passive input resistance, as measured under 
current clamp, showed little decrease with depolarization up to 
about —40 mV, suggesting a substantial reduction in delayed 
rectification. Figure 2 shows an I-V relationship from a Cs*- 
injected neurone in which Na* currents had previously been 
blocked by TTX. In this cell, the total membrane current was 
inward over the entire voltage range up to —10 mV, the limit to 
which we could clamp the cell reliably; a clear region of negative 
slope conductance in the range of —45 to -20 mV is demon- 
strated. 

To test for the ionic sensitivity of this slow inward current, 
Co?*, a potent inhibitor of Ca** inward currents in a variety of 
preparations'*'*, was applied to CA3 neurones. Figure 3a 
shows data from another Cs*-injected CA3 neurone in a TTX- 
treated slice. Although in this cell the holding current is outward 
at the holding potential of —40 mV (Fig. 35), the depolarizing 
commands activate a persistent inward-going current (see Fig. 
3a, 3 and 4) that becomes net inward at about ~25 mV. Hyper- 
polarizing commands from --40 mV show little leakage current 
(Fig. 3a, 1 and 2). A drop of 10 mM Co” was applied to this cell 
via a coarse extracellular micropipette. Figure 3c shows that 
following this application, the current response to step com- 
mands is quite different. No inward-going current is activated by 





Fig. 2 I-V curve of a CA3 neurone, injected with Cs". The cell 

was treated with®] pg mi! TTX, and Cs* was injected via the 

intracellular microelectrode. Total current is inward at all poten- 

tials. A prominent region of negative slope conductance is seen 
after Cs’ loading. 


a aeneae 


Nature Vol. 286 24 July 1980 









a 
i 3 
lg DOO > 2 2 en eee ell TOR ht at GERARD EI 
[amanan 
F- — ISCAS eaten al 
2nA 
20 mV 
2 400 ms 4 
emacs CO -s a eae eae 
panen P — Maaar 
b 2 ajg 
1.0 
0.6 E 
0.2 out 
Fa mV) ou 
-100 -90 | 
0.2 1B 


Control 
oCo? + 





Ve pen ‘parame — EETA 
p E 
2 nA 
20 mV 
2 400 ms 4 
Tasangon 


Fig. 3 Effects of Co’* on a CA3 neurone. a, Voltage-clamp 
commands to another Cs” -loaded cell exposed to 1 yg ml! TTX. 
Frames 1 and 2 show hyperpolarizing commands and the small 
leakage current. Frames 3 and 4 show depolarizing commands that 
activate an inward-going current that shows little or no decay 
during the command. (See b for value of holding current.) b, I-V 
curve before and after applying a drop of 10 mM Co”, The region 
of negative slope conductance is absent after Co”. Although a 
more negative holding potential was used after Co*", the 
depolarizing commands used reach well into the previous region of 
negative slope conductance, and no inward-going current is 
observed. This impalement was lost before measurements at the 
previous holding potential could be made. c, Voltage-clamp 
commands after application of Co**. The inward-going current is 
no longer present during the depolarizing commands. 
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depolarization, and the J~V curve shown in Fig. 3b displays no 
region of negative slope conductance. These data suggest that a 
slow, voltage-dependent, inward current is present in these cells, 
probably carried by Ca** ions. However, a TTX-resistant Na“ 
current, which is affected by Ba’* and Co?" in the above manner, 
cannot be excluded. Although Cs” injection substantially 
reduced the outward-current contribution to the total 
membrane current, it did not block it completely. During large 
depolarizing commands (for example >20 mV from the holding 
potential), an outward current, possibly a Ca°**-dependent K“ 

current, developed. This latter current apparently was less 
sensitive to Cs” injection and contaminated our inward current 
measurements. 


We appreciate the difficulties associated with attempting to 


voltage clamp neurones whose geometry is as complex as that of 
the hippocampal pyramids. However, an’analysis of the cable 
properties of CA3 neurones suggests that their total electrotonic 
length is less than one space constant'’. A twofold increase in 
input resistance as a result of Cs” injection theoretically would 
reduce the electrotonic length by a factor of 1/(2'’°), improving 
spatial control of voltage. Given such an electronic structure and 
twice the average membrane time constant of 23.6 ms (ref. 11), 
equation (32) of Rall” predicts a time constant of decay of about 
7 ms for the passive current transient following a step change in 
potential at the soma. Empirically, we have found that this decay 
is complete in less than 7 ms. 

After Cs” injection, the persistent inward current exerts 
almost complete control over the membrane potential in 
unclamped conditions. Small applied currents move the 
membrane potential rapidly into and out of the region of 
negative slope resistance (approximately —50 to —10 mV). This 
sensitivity to small potential changes suggests that the slow 
inward current is generated electrically near the recording site 
and is therefore amenable to voltage-clamp study. 

When not voltage clamped, all of the neurones illustrated 
displayed spontaneous bursting behaviour after Ba?” appli- 
cation or Cs” in jection, even in the presence of TTX. The bursts 
consisted of one or more regenerative events, presumably Ca?’ 
spikes, triggered by slow depolarizations of the membrane 
potential. The voltage- clamp data and the behaviour of the 
unclamped cell are therefore in agreement. _ 

Although the SEC is not capable of resolving currents under- 
lying the action potential, we believe that it is more than 
adequate for resolution of the currents described here. This slow 
inward current in CA3 neurones is similar to the slowly 
inactivating inward current shown to be responsible for endo- 
genous bursting in molluscan and spinal neurones**, which 
suggests that the burst tendencies of CA3 neurones may arise 
from similar mechanisms. The results of the experiments with 
Cs* injection indicate that K* currents may be important in 
modifying the effect of an inward Ca’ current. As in molluscan 
neurones'*, several K* currents undoubtedly exist and may 
control different aspects of bursting. 

This work was supported by grants NS11535 and NS15772 
from the National Institute of Neurological and Communicative 
Disorders and Stroke, NIH, USPHS. 
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Circadian clock in Limulus brain 
increases response and decreases 
noise of retinal photoreceptors 
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The sensitivity and structure of ommatidia in the Limulus 
lateral eye exhibit circadian rhythms’. The cyclic changes are 
mediated by the activity of efferent optic nerve fibres’ that 
originate in the brain and terminate in the retina**. We report 
here that the effects of the efferent input to the retina are 
detectable in single photoreceptor cells. At night the efferent 
input decreases photoreceptor noise (discrete waves of the 
membrane potential in darkness) and increases the photo- 
receptor response to light (amplitude of the receptor potential). 

The receptor potential is a fundamental component in the 
process of visual excitation. It is believed to be formed m 
Limulus photoreceptors by the summation of discrete waves of 
membrane potential®. The statistical behaviour of the waves in 
light is consistent with the notion that they are triggered by 
single photon absorptions’*. Discrete waves occurring in the 
dark are thought to result from thermal events in the excitatory 
process’. We found that the efferent input to the retina at 
night reduces the frequency of discrete waves occurring in the 
dark without reducing the efficacy of light to initiate them. 
Apparently the circadian clock can affect early steps in the 
process of visual excitation. The action of the clock suggests the 
existence of separate pathways for the spontaneous and light- 
evoked excitation of photoreceptor cells. 

Figure 1 shows records of the membrane potential of a single, 
dark-adapted photoreceptor (retinular cell) in situ. On the day 
of this experiment an animal was taken from a natural light-dark 
environment in the early afternoon and fastened to a rigid 
platform in a seawater aquarium located in a light-proof cage. 
We removed a small section of cornea from one lateral eye and 
inserted a glass microelectrode into the exposed patch of retina. 
We impaled a single retinular cell in the late afternoon and 
optically isolated the ommatidium containing the ceil with a light 
pipe aligned in contact with the cornea’’. The cage was then 
closed to dark adapt the animal, Details of the technique have 
been described elsewhere'’. The membrane potential of the 
retinular cell was recorded continuously from 6 to 10 p.m. We 
chose this particular period because the results of previous 
experiments indicated that efferent fibres in the optic nerve 
trunk become active about the time of sunset (~7 p.m.) and 
exert their maximal effects on the retina in the late evening hours 
(~10p.m.)’. Each trace in Fig. 1 shows the membrane potential 
recorded from the cell in darkness for 2C s and in response to a 
5-s flash of constant light intensity. 

At 6 p.m. numerous discrete waves of membrane potential 
occurred in the dark, and the response to the test flash was small. 
As the evening progressed, the discrete waves occurring in the 
dark decreased in frequency and those in the light increased. At 
10 p.m. no waves occurred in the dark, whereas numeròus ones 
summated to produce the light response. It seems that at night 
the photoreceptor ‘noise’ decreased and response increased. 

Figure 2 shows that pulses of current delivered to the optic 
nerve during the day mimic the effects recorded fronr photo- 
receptor cells at night. The intracellular data in Fig. 2 were 
recorded from a single dark-adapted retinular cell. For an 
additional measure of photoreceptor sensitivity we also recor- 
ded the electroretinogram (ERG) from the aye using a surface 
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corneal electrode’. The intracellular recording at 2.30 p.m. is 
characteristic of the day-time state of the retina, that is, it 
contains many discrete waves in the dark and a relatively small 
response to light. Note that these features are also contained in 
the 6 p.m. record of Fig. 1. At 2.32 p.m. periodic episodes of 
current pulses were delivered to the distal end of the cut optic 
nerve to simulate endogenous efferent activity’. The effect of the 
nerve shock was to reduce the frequency of discrete waves in the 
dark and elevate the amplitude of both the receptor potential 
and ERG. Maximal response amplitudes were recorded after 
about 2 h of nerve shock (4.30 p.m.) at which time the current 
pulses were turned off. Subsequently, the receptor potential and 
ERG decreased in amputude and discrete waves reappeared in 
the dark. 

In Fig. 2 simulation of efferent optic nerve activity during the 
day produced night-time characteristics in the photoreceptor 
recordings; compare the 4.30p.m. record with the 10 p.m. 
record in Fig. 1. Cessation of current pulses to the cut optic nerve 
at night led to the return of the day-time characteristics; 
compare the 8.30 p.m. record with the 6 p.m. record in Fig. 1. 

The results reported here for single photoreceptor cells 
parallel those recorded from single optic nerve fibres in situ’. In 
both cases the time of day when the light-evoked response is 
elevated and spontaneous activity is depressed corresponds to 
the period of endogenous efferent activity. Also, in both cases, 
cutting the optic nerve abolished the circadian changes. Finally, 
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Fig. 1 Intracellular records from a retinular cell of the Limulus 
lateral eye in situ. The cell was impaled in the late afternoon with a 
glass microelectrode without disrupting the blood supply to the 
eye. At $ p.m. the cage was closed to dark adapt the animal. The 
only light stimuli reaching the animal during the next Sh (5 to 
10 p.m.) were the 5-s test flashes (bottom trace) delivered by a light 
pipe isolated on the ommatidium containing the recorded retinular 
cell. In each trace a 20-s recording of the cell membrane potential 
in the dark precedes the response to the test flash. Based on the 
resuits of previous experiments, we estimate that the transmission 
of efferent optic nerve impulses to the retina from the circadian 
clock in the brain began between 6 and 7 p.m. By 9 p.m. efferent 
input seems to have abolished the occurrence of discrete waves in 
the dark and increased the response to the test flash. The recording 
was lost shortly after the 10 p.m. test. Cell resting potential was 
50 mV. Scale bar, 10 mV. The intracellular recordings for this 
study were carried out with freshly collected crabs at the Marine 
Biological Laboratory, Woods Hole, Massachusetts. 
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Fig. 2 Effect of optic nerve shock on visual responses of the 
Limulus lateral eye. On the left are intracellular records of a 
dark-adapted photoreceptor cell recorded with a glass micro- 
electrode in response to 4-s flashes of constant intensity. On the 
right are electroretinograms (ERGs) recorded with a corneal elec- . 
trode in response to 100-ms flashes. Before impaling the retinular 
cell, the optic nerve was exposed, sectioned and its distal end 
placed in a suction electrode. The 2.30 p.m. records are charac- 
teristic of the dark-adapted day-time state of the retina: small 
responses to light and frequent occurrence of discrete waves in the 
dark. At 2.32 p. m., ‘current pulses were delivered to the cut nerve 
at the rate of 457! for 30s every minute. This shock regime was 
chosen to simulate the maximum level of endogenous efferent 
activity recorded at night from the proximal end of cut optic nerves 
in other preparations. The effect of nerve shock was to elevate the 
responses to light and reduce the ‘noise’ in the dark. The increased 
response amplitudes correspond to about a 20-fold increase in 
visual sensitivity. The small spikes occurring in the dark are 
believed to originate in the second-order eccentric cells. They are 
often observed in experiments in which efferent activity is simu- 
lated by nerve shock but not when it is generated by the circadian 
clock as in Fig. 1. After the optic nerve shock was turned off at 
4.30 p.m., the characteristics of the recorded responses returned to 
the day-time state and remained there until the cell was lost at 
8.45 p.m. Cutting the optic nerve blocked the transmission: of 
endogenous efferent activity. to the retina at night and thus 
eliminated circadian changes of the type shown in Fig. 1. 
Duration of each intracellular record is 10 s. Scale bar, 10 mV for 
the intracellular data and 50 V for the ERG records. 


shocking the cut optic nerve during the day produced the 
physiological effects characteristic of the night-time state of the 
retina. We therefore conclude that the reduction in noise and 
increase in response of the photoreceptor in Fig. 1 were. medi- 
ated by the endogenous activity of efferent optic nerve fibres. 

The night-time increase in the amplitude of the photoreceptor 
response in Fig. 1 can be largely attributed to an increase in the 
number of photons caught by the retinular cells. Circadian 
changes in the morphology of the retinular celis and surrounding 
pigment cells maximally expose the photosensitive rhabdom. to 
incident light collected by the corneal lenses’. ; 

The night-time reduction in photoreceptor noise cannot. be 
attributed to any known cellular mechanism. The spontaneously 
occurring discrete waves in retinal cells seem to result from the 
thermal isomerization of single rhodopsin molecules, whereas 
the light-evoked waves result from the photo-isomerization of 


Nature Vol. 286 24 July 1980 





thodopsin®'®. This seems to be a general property of photo- 
receptors > 4, 4 If the spontaneous fluctuations in membrane 
potential are in fact initiated by thermal events, by what 
mechanism does the circadian input to the retina abolish the 
effects of thermal energy without influencing those initiated by 
light? Perhaps part of the chain of events triggered by light is 
separate from that initiated by thermal energy, and only the 
latter part is influenced by the efferent input to the retina. 
Whatever the answer, neural signals from the circadian clock 
seem to act at a stage preceding the excitatory conductance 
change in the photoreceptor membrane. 

Our intracellular recordings did not reveal any additional 
information on the nature of the mechanisms that mediate the 
effects of the circadian clock. For example, no consistent 


an changes in either the potential or the resistance of the photo- 


i receptor membrane were detected. Long-term recordings of the 
type shown in Figs 1 and 2 are generally associated with a slight 
but steady increase in resistance as monitored by current pulses 
passed through the recording electrode. Such drifts in resistance 
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are independent of the time of day and probably result from a. 
gradual clogging of the microelectrode. Neither membrane 
potential nor resistance reflect the activity of efferent optic nerve 
fibres. 

The elevated night-time sensitivity of the retina may partially 
compensate for diurnal changes in ambient illumination. The 
circadian rhythm of sensitivity corresponds reasonably well to 
that of the animal’s locomotor behaviour’’. Interestingly, the 
period of elevated sensitivity also corresponds to the time the 
animals congregate in shallow water to mate (C. M. Cavanaugh, 
unpublished observations). 

In sum, the efferent input from a circadian clock enhances. 
retinal sensitivity at night by increasing the quantum catch and. 
decreasing the spontaneous activity of the retinular cells. The 
efferent input thereby increases the signal-to-noise ratio of the 
photoreceptor response. The efferent input seems to act.at an 
early stage in the process of visual excitation. 
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Light affects the membrane potential of a vertebrate retinal rod 
or cone cell by transiently reducing its ‘dark current’, an inward 
flow of Na* through the plasma membrane covering the light- 
absorbing outer segment’. In rods most photons are absorbed 
by photopigment molecules in intracellular disk membranes that 
are physically separate from the plasma membrane’. Photo- 
chemical events in the disks probably control the Na* conduc- 
tance of the plasma membrane through a chain of events that 
ultimately change the level of a diffusable substance in the 
cytoplasm of the outer segment. By combining reversibly with 
Na’ carriers or channels in the plasma membrane, this ‘internal 
transmitter’ substance would modulate the dark current and 
thus the rod’s membrane potential. There is evidence that the 
internal transmitter is free Ca’* (refs 7-10). Ca”* buffer EGTA 
has a desensitizing effect on rods, consistent with a free cyto- 
plasmic Ca”* concentration of about 14M in darkness and 
release of 500-1,000 additional calcium ions for each absorbed 
photon. However, there is insufficient proof that Ca’* i 
released into the cytoplasm of rod outer segments by light and 
removed again in darkness. Reports that light reduces the total 
Ca’* in outer segments have varied widely in their details'’-**. 
Small amounts of Ca**, ~1 mol per mol of photoisomerized 
rhodopsin, are released by strongly illuminated isolated rod 
disks*°, but this i is not enough to explain the large size of single 
photon responses”, 7, We have studied net movements of Ca? 
in the receptor layer of albino rat retinas during the responses of 
the rods to light with the aim of detecting release of internal Ca** 
by a rise in its extrusion into the interstitial space. 
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were made as 
. The siliconed tips were 2-3 ym in 


Microelectrodes sensitive to free Ca” 
described previously" 
diameter and were filled for a length of 250 pm with O-nitro- 
phenyl octyl ether containing 10% Na tetraphenylborate and 


10% of the Ca? selective synthetic ionophore, ETH 1001 
(Orion)?. The remainder of the electrode contained 
0.1MCaCl,. Electrode resistances were 1~3,000 Mf. the 
microelectrodes responded to step changes in Ca?” activity from 
0.5 to 5 mM with potential changes having an exponential rise 
of 130+ 10 ms. Over the range of free [Ca], ae, from 
10°? to 10°? M, the Ca electrode potential Ve. followed the 


equation 
Voa= Vot M logieldcat Co) (1) 


where V, is a constant dependent on the solutions in the Caand 
reference electrodes and M is 31+1 mV per decade change in 
ac, at 37°C. The apparent basal Ca activity due to electrode 
permeability to other ions, ao < 5 107° M. Changes in pH of 
1.5 unit on a background of 70 pM Ca” produced electrode 
potential changes of <20 uV. The electrodes were insensitive to 
changes in Mg**, Na“, and K* (ref. 19). 

The Ca electrode potential was referred to one of a pair of 
Ringer-filled micropipettes mounted in a cluster with it (shown 
in Fig. 1a). The entire assembly could be thrust under direct. 
vision by IR microscopy’ into the upturned receptor surface of 
an isolated retina so that the external voltage. gradient V due to 
the dark current could be monitored with the change in poten ial 
of the Ca?” electrode. As shown in Fig. 1a, electrode B and the 
Ca electrode were placed at the same depth in the retina so 
that the Ca signal was not mixed with light-induced changes 
in Vg. 

Isolated rat retinas were prepared as previously deseribed'”. 
They were mounted in a chamber in a stream of physiological 
solution that passed parallel to the outer segment layer in 
laminar flow. The fluid velocity 50 pm above the rod tips was 
~100ums™. An arrangement of. valves allowed the fluid 
composition to be changed in 5s. When more rapid changes in 
fluid composition were needed, a continuous jet of the desired 
fluid from a pipette in the bath was quickly lowered so as to 
sweep over the retina near the electrodes, 
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Fig. 1 Spatial distribution of the light-induced transient increase in inter- 
stitial [Ca°*] with depth of the Ca-sensing electrode in the receptor layer. a, 
Diagram of the structure of the receptor layer to scale indicated at the 
bottom of $. Electrodes placed as shown in the interstitial spaces between the 
rods. 6, Amplitude of the Ca?” against depth. Each point is the mean area 
under the first 800 ms of the Ca transient obtained by averaging 16 flash 
responses. Curve: amplitude distribution to be expected from a source of 
Ca** limited to the duter segment layer of the retina. The assembly of three 
electrodes was moved in steps through the receptor layer. Stimuli: 2 ys, 
S60 nm, 110 photons absorbed per rod per flash. Ambient free [Ca] 
10 pM in a Ringers of composition similar to that of Fig. 2a. 


Light causes a transient increase in the Ca’ activity in the 
interstitial space of the outer segment layer. Figure 2a shows the 
effect of a 560-nm flash yielding 110 photons absorbed per rod 
on V, recorded between electrodes A and B at depths of 75 and 
25 wm from the rod tips and changes in the Ca?” activity seen by 
the Ca electrode at 25 pm., The flash immediately shut down the 
dark current for about 1s after which Va returned to its initial 
level with a small overshoot. This waveform is characteristic of 
rat rods in the 70 uM unbuffered Ca** of the Ringer used. The 
Ca electrode showed a transient increase in ac, followed by a 
longer lasting decrease to slightly below the level before the 
flash. Although Veca was logarithmic in Ca” activity (equation 
(1)), the changes seen were so small relative to the background 
ac, that the relationship between AVca and Adc, was nearly 
linear. The time integral of the Ca** transient (smooth line) was 
nearly zero over the duration of the record. The rise in Ca** was 
~1.2 uM at its peak just after the minimum in Va. 

If the Ringer was augmented with 10mM Ca’* buffer, 
nitrilotriacetic acid (NTA), and the Ca’* and Mg’ activities 
carefully adjusted to those of the control, the light-induced 
change in Va was unaffected, but the Ca** transient was greatly 
reduced (Fig. 24). This effect of NTA could not be attributed to 
its action as a buffer for-H* or Mg**: there was 10 mM of the pH 
buffer HEPES present in both cases, and NTA is a weak Mg”* 
buffer at the concentration used (500 uM Mg’*). Thus the 
responses of the Ca electrode were probably due to changes in 
interstitial aca . 

With a fixed 10- uM free Ca?* concentration in the Ringer and 
a stimulus of 80 photons absorbed per rod per flash, the size and 
shape of the Ca transient varied with electrode depth in the 
retina. Figure 1b shows data from Ca transients recorded at 
5S-um intervals beginning 5pm above the tips of the outer 
segments and extending inward to a depth of 45 um. The points 
were computed from the time integrals of the responses 800 ms 
after the flashes. This time was near the peaks of the transients 
themselves. Small-Ca transients could usually be seen even when 
the electrode was 25 pm above the retinal surface. These were 
much slower than the intraretinal ones and were caused by 


clouds of Ca**, released from distant retinal areas, drifting past 
the Ca electrode. In the space between the rods, the transients 
grew rapidly in size with increasing electrode depth in the region 
between the rod tips and the inner—outer segment junction at 
25 um depth. As the Ca electrode was advanced further, the 
transients remained at constant size or decreased slightly. In the 
dark, there was no detectable gradient of aca in the extracellular 
space. Thus the Ca transients must indicate increased efflux and 
not a light-induced fall in a steady dark influx. 

Viewed as a problem in one-dimensional diffusion of Ca** 
from sources in the receptor layer to sinks there and in the 
flowing Ringer stream, the concentration c of Ca’* should 
follow the differential equation 

dc a°c 

~ D432 Fls,t) © Q) 
where D is the diffusion coefficient of Ca** in the interstitial 
space perpendicular to the retinal surface and F(x, t) is the 
distribution of Ca** sources and sinks on the receptor cells. In 


N a Control 
\ 


A[Ca] (uM) 


A[Ca] (uM) 





Time (s) 


Fig. 2 Changes in interstitial dark voltage gradient V, and free [(Ca?*] in 
the rod layer of an albino rat retina. Voltage-recording and Ca-recording 
electrodes placed as shown in Fig. la. Stimuli: 2 ps flashes of wavelength 
540-580 nm that resulted in 110 photons absorbed per rod per flash. Dotted 
curves: changes in. Va. Continuous noisy curves: interstitial free [Ca**]. 

Dashes: drawn at signal levels seen just before flashes. Each curve is the 
mean of 16 responses. a, Control Ringer containing 136 mM NaCl, 0.5 mM 

MgCl, 2.7 mM KCI, 0.5 mM NaH, PO,, 11 mM glucose, 10 mM HEPES, 
and CaCl, added until the Ca electrode indicated a free [Ca**] of 70 uM. pH 
7.14. b, Bathing Ringers same as control except that 10 mM nitrilotriacetic 
acid (NTA) was added and excess Ca?* and Mg** were added by titration to 
achieve the same free metal concentrations as in a. The buffering effect of the 
NTA was negligible for H* and Mg** but reduced the concentration 
elevating effect of added Ca** to <10% of that of the control Ringers. 
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principle the two partial derivatives could be measured directly 
with electrode arrays and F computed as Ca** current sources 
and sinks’, but the noise in the present data makes this pro- 
cedure inaccurate. However, if the Ca transients are sampled at 
their peaks as in Fig. 1b, dc/at is negligible and equation (2) 
becomes an ordinary differential equation linking c(x) with the 
Ca?” source distribution F(x). In Fig. 1 c(x) is computed from 
equation (2) for a hypothetical distribution F(x) (solid line) 
where the source is a uniform zone covering the entire length of 
the outer segments. No flow of Ca’* is assumed to occur at the 
outer limiting membrane at x = 45 um. 

The data fit the hypothetical source distribution closely when 


its amplitude is properly scaled. In the outer segment layer, the 


transients grow in size roughly as the square of the electrode 
depth and not linearly as would be expected for Ca sources 
concentrated at the inner segments or more deeply. Unlike the 
computed curve, however, the data suggest some loss of Ca** 
towards the deeper retinal layers. The slight shift of the 
measured Ca source distribution (Fig. 15) relative to the retinal 
elements of Fig. 1a is due to the 5-um uncertainty in electrode 
position. Most of the Ca” arises in the region of the rod outer 
segments. 

The internal ac, of rat rod outer segments is ~1 uM (ref. 10), 
and that of the external medium is much higher. Thus rods, like 
other eukaryotic cells, must regulate their internal Ca with 
membrane pumps that exchange Ca** for Na” (refs 20, 21) or 
extrude Ca** via nucleotide phosphatases in the plasma 
membrane7”*. Is the light-induced Ca** efflux caused by a rise 
in the cytoplasmic aca or by a light-stimulated increase in the 
activity of some Ca** extrusion mechanism? The results shown 
in Fig. 3 suggest the first mechanism perhaps augmented by the 
second through light-induced rod hyperpolarization. 

If the NaCl in the bath is replaced with the depolarizing salt, 
potassium isethionate, the large Va response shown in Fig. 3a 
(right) is completely abolished, but the interstitial increase in 


aca while slower and four times smaller, persists (Fig. 3). 


Replacing the Na” in the medium with choline ions produces a 
similar result even though the rod membrane potentials should 
be hyperpolarized to near K* equilibrium potential in this 
solution. Since the residual Na% in both choline and K 
isethionate Ringers was less than 10 uM, it is unlikely that Na: K 
exchange causes the Ca** efflux in these solutions. 

Can light still produce a Ca’* efflux when plasma membrane 
calcium pumps are partly shunted by a divalent metal iono- 
phore? If the rods are exposed to X-537A, the dark current and 
the V4 responses are greatly reduced at external aca > 107% M 
(ref. 8), but the light-induced rise in interstitial ac, remains large 
(Fig. 3d). Reducing the ambient aca to 10 uM increases the dark 
current and Va, but the Ca signal decreases slightly. Since 
X-537A increases the permeability of the plasma membrane to 
Ca?*, it is likely that the increased Ca** efflux follows mainly 
from an increase in cytoplasmic aca. Because the external [Ca’*] 
is greater than that in the cytoplasm even in the presence of 


X-537A, however, the Ca extrusion machinery must link the 


presumed light-induced rise in internal Ca** 
extracellularly, making it larger and faster. 

If intracellular Ca** release causes the dark current shutdown, 
the kinetics of Ca** efflux should closely track the Va waveform. 
To compare the kinetics of the two processes, the observed 
waveform of the transient increase in interstitial ac, must be 
transformed mathematically to allow for the finite volume v of 
the interstitial space (1 cm~*) and for the loss of Ca?” by diffusion 
into the flowing Ringers. Neglecting the small unstirred layer at 
the retinal surface and solving equation (2) for the condition of 
no flow at the outer limiting membrane (OLM) (Fig. 1a) and for 
a uniform Ca’* source distributed along the outer segments that 
instantaneously dumps Q mol cm”? into the interstitial space 
yields a transient increase in ac, at 25 um depth in the receptor 
layer that is close to a truncated exponential of the form 


c(25, t)=0.5¢(25,0)exp(—t/r) (3) 
where ¢(25, 0) = Q/v and 7 = 41°/a’D (ref. 24, equation 3.4.5, 
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Fig.3 Changes in dark voltage gradient V, (right colunin) and extracellular 
free [Ca?*] (left column) in the rod layer of the rat retina in solutions of 
various compositions. Stimuli as in Fig. 2, electrode positions as in Fig, la. 
Temperature, 37 °C. a, Control. As in Fig. 2 but Ca** added to give pCa 4.0. 
Mean of four responses. b, NaC! and KCI stplaced with 140mM K 

_isethionate, pCa 4.0. Mean of 96 responses at 15-s intervals. V, response 
suppressed by the depolarizing solution, but there was a distinct Hight- 
induced increase in interstitial [Ca**] as shown Ly its time integral tsmooth 
line in left column). The total Ca** appearing war 25% of that in the contròl 
solution. c, NaCl replaced with 140 mM cholise chloride. This solution 
should hyperpolarize the rod membrane potentials but suppress the dark 
current. As in $, the V, response disappeared tut there was a measurable 
Ca’ release from the rod layer. pCa 4.0. Mean of 96 responses. d, 10 pM of 
the divalent cation ionophore, X-537A was added to control Ringers at pCa _ 
4.0. The dark current and V, were greatly reduced, but there was a large 
light-induced release of Ca** from the rod layer. Mean of eight responses.. 
The large spikes in the Ca responses were electrical interference from the 
bath heater. 200 photons per rod . e, Same retira as in d but ambient free 
[Ca?*] reduced to 10 uM. Dark current and V, response immediately 
increased, but Ca release was slightly reduced. Mean of eight responses, 200 

photons per rod. 


p. 101). Here / is the distance from the rod tips to the OLM. For 
this special position of the Ca electrode, the total outflux J(z) 
from the entire length of outer segments thus is represented 
approximately by 


(££) St (4) 


For the receptor layer of the rat retira, measurements from 
electron micrographs yield v = 650 n! cm -> r, Computed from a 
measured D for Ca?* of 1.1 107° cm? «”! in the rod interstices 
(W. A. H. and S. Y., unpublished) is 650 ms. Using these two 
experimental parameters and forming the sum on the left-hand 
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Fig. 4 Time courses of the light-induced Ca’* flux from the rod layer 
compared with the light-induced reduction in Va Stimuli as in Fig. 2. 
Smooth line: V} response convolved with an exponential response function 
of time-constant 130 ms to simulate the time-lag of the Ca electrode. Noisy 
curve: Ca** flux from the rods computed from equation 4. Dashes: time 
integral of Ca** flux in units of ions per rod on the left-hand scale. Mean of 
four responses to flashes of energy 110 photons absorbed per rod. The time 
course of the Ca efflux and the change in V, are similar. Apparently about 
half of the Ca?* released within 2 s of the flash is reaccumulated by the rod 
layer. 


side of equation (4) by numerical differentiation of the experi- 
mental Ca transient yields the noisy curve in Fig. 4. 

The Ca flux can now be directly compared with the waveform 
of the V; response if the latter is first convolved with a truncated 
exponential with a 130-ms time constant to simulate the 
response lag of the Ca electrode. The result is a smooth line, 
shown in Fig. 4. The two waveforms are nearly identical, the 
duration of the Ca efflux being slightly longer and its peak not 
more than 100 ms later than the transformed Va response. 

The Ca** flux is large and biphasic. As much as half of the 
45,000 ions leaving the outer segments in the first 2 s after the 
flash are apparently reabsorbed in the next 7s (Fig. 4, dashed 
line). Since each rod absorbed 110 photons per flash, about 400 
Ca’* ions must have been extruded per photon response. If Ca’* 
is the internal excitatory transmitter, the total Ca release must 
have been at least twice as large, because only cytoplasmic Ca’* 
shouid reduce the Na” permeability of the plasma membrane. 
The observed release would only increase the cytoplasmic 
[Ca?"] by about 3 uM, a small fraction of the total Ca** in rod 
outer segments'***. But if a steady 25-s light stimulus of 
intensity 9,500 photons per rod per s is used instead of a flash, 
the Ca”* outflux is sustained for the entire period of illumination 
and amounts to about 100 wmoll™ of rod water. The light- 
sensitive Ca store is therefore large. 

The light-induced Ca’* effluxes seen here are fast enough, 
large enough, and of the spatial distribution to be expected from 
the Ca hypothesis. Moreover, the observed fast exchange of 
Ca?* across the plasma membrane of rod outer segments 
explains the great sensitivity of the dark current to the [Ca’*] in 
the external medium. It remains to link the Ca” fluxes to 
enzymatic events in the disk membranes, such as the hydrolysis 
of GTP?®” and of cyclic GMP”, and the binding of GDP”. 
Note added in proof: Since this paper was submitted, a preli- 
minary account has appeared in Fedn Proc. 39, 2066 (1980) and 
similar conclusions’are reached by use of surface calcium elec- 
trodes by G. H. Gold and J. Korenbrot, Fedn Proc. 39, 1814 


(1980). 
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Co-infection by lactic dehydrogenase 
virus and C-type 
retrovirus elicits neurological disease 


Larry R. Pease & William H. Murphy 


Department of Microbiology and Immunology, The University of 
Michigan Medical School, Ann Arbor, Michigan 48109 


Intraperitoneal injection of neuropathogenic strains of lactic 
dehydrogenase virus (LDV)'~ causes a histologically dis- 
tinctive* fatal paralytic disease characterized by an inflamma- 
tory destruction of motor neurones in the brain stem and cord in 
C58 mice aged over 9 months. To elicit the disease in the 
naturally susceptible C58 strain requires an age-associated* or 
X-ray induced® loss of immunological competence*, LDV 
infection’ and genetic susceptibility’. Genetic studies’ of the 
common inbred mouse strains showed that susceptibility to the 
disease was not linked to the major histocompatibility complex 
but correlated with the FV-1" allele, susceptibility to spon- 
taneous leukaemia, and infection by neuropathogenic strains of 
LDV’. These observations suggested that neuropathogenic 
strains of LDV elicit the disease only in those strains of mice that 
carry multiple copies of N-tropic C-type retroviruses in their 
genomes” and that are permissive for retrovirus replication. 
Presumably the expression of these viral genomes (high titres of 
virus in tissues correlating with age’) is the important factor. 
Here we present genetic evidence to support this hypothesis and 
briefly discuss the possible implications. 

In Table 1 the mice in group 1 were selected to test whether 
there was a correlation between susceptibility to the disease, the 
number of copies of N-tropic C-type retroviruses in their 
genomes®’, their haplotype and their FV-1 genotype. The FV- 
1° allele’® dominantly restricts N-tropic C-type retrovirus 
replication. All of the strains (a-e) that were FV-1" and are 
known to contain multiple copies of N-tropic C-type retro- 
viruses in their genomes®” were susceptible. The data for the 
congeneic AKR strains are of interest because they show that 
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* In group 1, strai 


have a ‘moderate’ incidence of leukaemia ranging from 20 to 40% . The remaining mice listed have a ‘low’ incidence ¢ 
<5%)'©, AKR-H-2°/Boy is congeneic to AKR/Boy and is H-2° rather than H-2*. AKR-FV-1°/Boy is congeneic t 
than FV-1". B6/Boy is a subline of CS7BL/6 and is FV-1°. The congeneic line B6-FV-1°/Boy is FV-1°. The C58/wm and E 
stock inbred lines. The following abbreviations were used: C58 for C58/wm, B10 for C57BL/10Sn, and B10.BR for B10.B 
3 the female is listed first for each breeding set; mice were 2-5 months old when mated. RN ote ae ae 
+ Mice received 550R of whole body X-ray irradiation 24 h before the intraperitoneal injection of LDV (07-11 i 
either line Ib cells or from a stock prepared from the plasma of infected BALB/cWm mice’. The plasma stocks of LD 


; ty of inbred mice to paralytic disease o n 


ñs a-c are considered to have a ‘high’ incidence of leukaemia ranging from 40 to 90% dependin, 
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and histopathological effects as line 1b derived virus”. After infection, mice were held for 30 days and scored for the incidence of pa alysis. Paralysed 


and disease-free mice (3-6 per group) were killed and the diagnosis of paralysis or its absence confirmed histologicall 


sex of mice did not affect their susceptibility in any of the test groups. 


when H-2° was substituted for H-2*, mice were still susceptible 
(compare c with b). When FV-1° was substituted for FV-1", 
mice were resistant (compare f with b). The mice in groups g and 
h were representative of strains that carry few copies of retro- 
viruses in their genomes but are permissive (FV-1") for retro- 
virus replication. None contracted the disease. The strains in 
groups i and j contain few copies of retroviruses in their 
genomes, are not permissive (FV-1"") for N-tropic C-type 
retrovirus replication, and were not susceptible. Introduction of 
the FV-1" allele in place of FV-1° (compare k with i) or H-2* in 
place of H-2” (compare / with j), did not confer susceptibility. 
These results confirmed our findings” that susceptibility or 
resistance was not H-2 linked and indicated that mice had to 
carry multiple copies of N-tropic C-type retroviruses in their 
genomes and be permissive for retrovirus replication to be 
susceptible. | i 

The mice in group 2 were used to test whether mice presumed 
to be genetically susceptible, but containing too few copies of 
N-tropic C-type retroviruses in their genomes (mice in g and h, 
Group 1), would manifest paralytic LDV infection if they 
became infected by the appropriate C-type retrovirus. Thus, 
‘genetically susceptible’ male mice ‘deficient’ in virus (C3H/HeJ 
and DBA/2J) were bred to C58 females. The assumption was 
that the C58 mothers would transmit virus to the newborn F, 
progeny either chromosomally or by the milk. Table 1 shows 
that the F, hybrids derived from the ‘potentially susceptible 
strains’ (groups a and b) were susceptible. The corresponding 
genetically resistant (FV-1°") hybrids were not (groups c-e) 
even when the H-2* haplotype (group d) was substituted for 
H-2” (groupe). | _ ae 

In group 3, test-cross progeny were tested to determine 
whether resistance segregated in accordance with the hypothesis 
that the FV-1° allele determined resistance. The data show that 
all of the backcross progeny in control. group a, which in 








ed previously". The 


principle inherited an FV-1° allele, were resistant. In theory, 
50% of the test-cross progeny in group 6 should have been 
FV-1" and susceptible if they were infected by an N-tropic 
C-type retrovirus by their mothers. The results confirmed this 
expectation with a somewhat lower incidence of disease (34%) 
in the incompletely susceptidle 6-month-old. indicator C58. 
mice’*’, Moreover, when backcross progeny were nursed on 
resistant (CS8x B10) mothers (group c} there. was a strong 
maternal effect, Such an effect would be consistent with the 
failure to transmit virus to the progeny by the milk”, or the: 
transmission of antibody to ihe progeny by the milk, thereby 
protecting them from C-type retrovirus infection. Other 
mechanisms of conferring maternal resistance are not ruled ous 
by the data’’. 3 

If one accepts the genetic data at their face value they support 
the hypothesis that dual infection by LDV and N-tropic C-type 
retrovirus(es) was required to elicit a specific paralytic motor 
neurone disease in genetically susceptible mice, Expression of 
N-tropic C-type retrovirus genomes in FV-1 a/a mice seemed'to 
be an important factor in the susceptible strains. The paradox is 
that neither LDV™ or the common C-type retroviruses are 
frankly cytopathic to cells either in vitro or in vivo. Although 
Gardner et al. and McCarter eral“ have reported the.ooeur- 
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and mouse leukaemia virus strains, and may provide an addi- 
tional insight to the complex interactions between viruses and 
their hosts in the slow viral infections of the nervous system’, 
This work was supported by funds from the Institute of 
Gerontology of the University of Michigan and by USPHS grant 
S07-RR-05383. All the ‘Boy’ mouse strains were from Dr 
Edward Boyse. The mice with a J designation and B10 and 
B10.BR lines were from Jackson Memorial Laboratory. 
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S100 protein is present in 
cultured human malignant melanomas 
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S100 protein, so called because of its solubility in 100% 
saturated ammonium sulphate’, is an acidic cytoplasmic protein 
specific for the nervous system’”. It is localized primarily to glial 
elements of the brain, Schwann cells in the peripheral nervous 
system and satellite cells in sympathetic ganglia**. This brain- 
specific protein shows a close immunological relationship among 
a wide variety of vertebrates, as measured by a quantitative 
complement fixation technique“. Although strict serological 
conservation and tissue localization have been maintained 
among different species, no function for $100 protein has been 
determined. However, the appearance of $100 protein in brain 
is correlated with maturation of the nervous system in both rat 
and man’*, Previous in vitro studies on the production and 
regulation of $100 protein in the C6 cell line derived from a rat 
astrocytoma indicated that cell contact and cessation of division 
induced $100 protein’. Neuroblastoma cell lines lack this pro- 
tein’* although it is found in other astrocyte cell lines. We are 
unaware of any reports of cell lines, other than those of glial 
wigin, which produce $100 protein. Melanocytes are derived 
irom neuroectodermal elements, and this common origin of glial 
ells and melanocytes prompted us to study whether S100 
yrotein might be present in cell lines from human malignant 
elanomas. We now report the presence of $100 protein in five 
f seven continuous cell lines of human malignant melanoma. 
All lines used in our studies were derived from metastatic 
elanomas, and were maintained in culture for 12-20 passages. 
ost lines have been characterized previously’? ?. After the 
Janoma cells in tissue culture flasks were confluent, the cells 
ee collected and homogenized. The soluble pier ve 
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Fig. 1 Complement (C) fixation curves of $100 for human brain 
medulla (@) and M29 cell line (MB). M29 cell line extract was 
prepared as described in Table 1 legend. The brain sample was 
homogenized with Tris buffer, 2 miperg tissue, and spun at 
40,000g for 10 min before $100 determination. Quantitative 
complement fixation using an 8,000-fold dilution of antiserum was 
carried out on extracts of M29 and human brain medulla. 


assayed by quantitative complement fixation for $100 protein, 
using rabbit antisera to bovine $100. Complement fixation 
curves for extracts of human brain and one of the melanoma cell 
lines are shown in Fig. 1. Five of seven cell lines from human 
melanomas were found to have $100 protein (Table 1). In two of 
the lines (lines 19 and 12) the amount of $100 protein exceeded 
that present in human brain medulla. Lymphocyte cell lines of 
the two patients from which M14 and M29 were derived were 
negative for $100, as were HeLa cells and a human sarcoma cel! 
line. Cells from line M14 were injected into a nude mouse; the 
tumour resulting after 30 days had 2.2 ug of $100 per g of 
tumour. Of the lines studied, only M12 and M19 were melano- 





Table 1 $100 protein values for melanoma cell lines and other tissues 
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Specimen soluble protein 


Mi2 6.2 
Mi4 1.0 
Mis 1.9 
M19 30.0 
M21 ND 
M24 ND 
M29 3.5 
Other cells and tissues 
C6 rat glial cells 26 
Brain cerebrum (human) 2.3 
Brain medulla {human} 5.6 
HeLa cells ND 
Sarcoma cell line (human) ND 
Lymphocyte cell lines 
Li4 ND 
L29 ND 
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Cell lines were cultured in 75-cm’ culture flasks using RPMI 1640 
medium with 20% fetal calf serum and maintained in 5% CO 
Confluent cells were washed twice with phosphate-buffered saline 
(NaCl, 8 g 17; KCI, 0.2 g 1h. MgCl,-6H,O, 0.1 g Vl. Naa HPO 
7H,0, 2.16 g 177) and once with complement fixation buffer (0.0M 
trisma base, 0.14M NaCl, 0.5 mM MgSO,, 0.15mM CaCl, 0.1% 
bovine serum albumin). Cells were collected by scraping into comple- 
ment fixation buffer, homogenized and spun at 40,000g for 10 min. 
Quantitative complement fixation was carried out using a 6,000-fold 
dilution of antiserum as described by Levine'’. $100 was quantified as 
described by Zuckerman ef alt’. The serological specificity of our 
antiserum has previously been demonstrated by double diffusion in agar 
and by quantitative complement fixation analysis using soluble protein 
extracts of a variety of tissues as antigens! ’"**, Purified bovine $100 was 
used as a standard to quantify the amount of $100 present in the soluble 
portion of each specimen. ND, Not detectable. 
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tic. Line M19 cells are the source with the greatest specific 
activity of $100 protein so far reported. 

The serological cross-reactivity of $100 protein is strongly 
conserved in different species’. To show that the $100 protein 
present in human brain was immunologically identical to that 
- present in human melanoma, we examined the serological cross- 
reactivity, as measured by complement fixation. The ratio of 
antisera required to give the same percentage of complement 
fixation at equivalence for heterologous compared with homo- 
logous antigens provides a quantitative measure of cross-reac- 
tivity defined as the ‘index of dissimilarity’ (refs 14, 15). The 
maximal complement fixation values for brain extracts and 
extracts from melanoma cell lines at three dilutions of antiserum 
were plotted against the log of the antiserum concentration (Fig. 
2). The superimposable lines for the brain and melanoma 
samples indicate immunological identity for the $100 protein 
from these two sources (that is, an ‘index of dissimilarity’ of 1.0). 
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Fig. 2 Cross-reactivity of brain and melanoma cell line $100 
protein. Maximal complement (C’} fixation values for brain extract 
(@) and melanoma (©) line M29 extract at these dilutions of 
antisera [1/8,000 (1:8 K), 1/9,0G0 (1:9 K), 1/10,000 (1:10 K)] 
are plotted against the log of the antiserum concentration. The 
superimposable lines for both samples indicate immunological 
identity for the $100 protein from these two sources. 


We do not know whether $100 protein accumulation is a 
function only of malignant melanocytes or of all melanocytes. 
$100 protein does not accumulate in human skin (our unpub- 
lished observations); however, this may reflect the low density of 
melanocytes normally present. Malignant melanoma cell lines 
have previously been shown to possess receptors for nerve 
growth factor'®. Either nerve growth factor receptors or $100 
protein may serve as a tumour-associated marker for malignant 
melanoma. 

R.G. is a Hematology—Oncology fellow (training grant CA- 
09247); R.I. holds a US-PHS RCDA (CA-00543). These 
studies were supported by grants CA 12582 (D.M.) and DOE 
DE AM03 76 SF00012 (H.R.H.). 
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Cultured human lymphocytes of the IM-9 line have specific 
binding sites for '**I-insulin that have been characterized in. 
detail'*. When the hormone-cell interaction was studied by 
quantitative electron microscopic (EM) autoradiography, it was 
shown that initial binding was to the plasma membrane and that 
at 37°C a small fraction of the ligand was internalized by the 
cell’*. The internalized ligand was found preferentially localized 
in lysosomes in the Golgi region of the cell”. It is well known that 
di- or multivalent ligands redistribute im the plane of the 
membrane before internalization’. We now report that follow- 
ing initial binding the univalent ligand insulin also undergoes a 
polar redistribution (‘capping’) before internalization. 

Cultured human lymphocytes have a polarity that can be 
distinguished in appropriately taken photemicrographs of thin 
sections of these cells (Fig. 1), The Golgi pole was arbitrarily 
assigned to half the cell and the opposite pole was assigned to the 
other half as indicated in Fig. 1. 

In this study we have assumed that initial receptor binding is 
most accurately reflected at low temperature and at early times 
of incubation. When 0.2 nM '*"I-insulin was incubated at 15°C 
for 2 min and the hormone-cell interaction examined by EM 
autoradiography, grains became distributed on the plasma 
membrane of the cell in a statistically indistinguishable fashion 
(Table 1). We interpret this to mean that insulin receptors or 
groups of receptors are initially distributec at each pole of the 
cell with equal frequency. 





Table 1 Distribution of autoradiographic grains on the surface of IM-9 ivmpho- 
cytes during incubation with 0.2 nM °?"T-insulin 








ANAE eet eet Minha oN ort nears E A A aA hanana Adee ananas tert nett gmat: 


2 min 15°C 90min, 18°C 2 mia, 37°C 60 min, 37°C 
Golgi pole 53% 58% 72% 73% 
Opposite pole 47% 42% 2t 27%" 
Number of grains analysed = 2 min, 15°C: 148; 90 men, 14 °C: 154, 2 min, 37 
°C: 140; 60 min, 37 °C: 164. 
* As determined by the y` test these grain distributionsare significantly different 
(P<0.005) from the grain distribution found after 2 min of incubation at 14°C. . 


We next investigated whether this was true for insulin at 
physiological concentrations. Labelled insulin was, therefore, 
incubated with cultured lymphocytes for a longer period of time 
at 15 °C and 37°C. By 90 min at 15 °C there was no statistically 
significant difference between the percentage of grains asso- 
ciated with each pole of the cell (Table 1). By contrast, by 2 min 
of incubation at 37 °C there was a preferential association of the 
ligand with the Golgi pole of the cell and the same distribution of 
the labelled material was apparent after 60 min of incubation 
(Table 1, Fig. 2). We have found that although the affinity of 
insulin for its receptor is decreased with increasing temperature, 
there is no change in the total number of receptors when the 
incubation temperature is raised from 15 to 77°C (unpublished 
observations). We interpret the present data to mean that, 
although insulin initially binds with equal frequency to either 





mennen. 
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Fig.1 The method used to determine the two plasma membrane segments 
of the lymphocytes for evaluation of '**I-insulin redistribution (examples of 
lymphocytes with autoradiographic grains are shown in refs 3, 5, Figs 2, 6, 
respectively). Typically, the lymphocyte has an eccentric, indentated 
nucleus. The Golgi area (G) lies close to the indentation of the nucleus. A 
square divided in two equal rectangles by an horizontal line was superim- 
posed on each cell so that the Golgi area fitted approximately the centre of 
one of the rectangles. The plasma membrane segment contained within that 
rectangle was considered as the ‘Golgi pole’ of the membrane; the number of 
autoradiographic grains present within +250 nm of the plasma membrane in 
each rectangle was then recorded separately. Approximately 100 cells 
showing the typical morphology illustrated were evaluated in each experi- 
mental condition. Lymphocytes were incubated with 0.2 nM '**I-insulin at 
15 and 37°C as described elsewhere**. At each time point selected cells 
were fixed with 4% phosphate-buffered (pH 7.4) glutaraldehyde, dehy- 
drated, embedded in Epon and thinly sectioned. High-resolution 
autoradiography of the thin sections was carried out using Ilford L4 emulsion 
and Microdol-X developer after 3-5 weeks exposure time’”. 


pole of the cell, at 37 °C there is a rapid redistribution of the 
ligand in the plane of the membrane. 

It has previously been shown in human fibroblasts that some 
ligands initially bind preferentially to specialized regions of the 
membrane known as coated pits’ ''. The lymphocyte differs 
from the fibroblast in that the coated regions of the plasma 
membrane are much less marked with respect to the size of the 
coated segment and coat development. Although this factor 
must be taken into account in the analysis of our data, we find no 
initial preferential localization of labelled insulin to coated 
segments of the membrane after 2 min of incubation at either 15 
or 37 °C. These data are similar to our findings of insulin binding 
in isolated hepatocytes, to those of Billheimer ef al. for low- 
density lipoprotein (LDL) binding in circulating monocytes and 
to those of Haigler et al. studying epidermal growth factor 
(EGF) binding in A-431 epithelioid carcinoma cells'*”'*, but 





Table 2 Relationship of autoradiographic grains to coated regions of the plasma 





membrane 
2 min, 15°C 2 min, 37 °C 
Total no. of grains examined 252 292 
No. of grains associated 5 (2%) 6 (2.1%) 


with coated invaginations 





The criteria for selection were: (1) the grain centre was +250 nm from the 
plasma membrane, and (2) the plane of the section was appropriate for a clear 
identification of the plasma membrane. A grain was considered associated with a 
coated invagination if its centre was closer than 250 nm from a coated invagina- 
tion. These methods are identical to those previously used for analysis of binding of 
1251 EGF and '?°I-LDL to cultured fibroblasts™®. 


may not rule out a participation of coated segments of the 
membrane in internalization of the labelled material. 
Schlessinger et al.'* have shown in cultured mouse fibroblasts 
that, at high concentration, insulin conjugated to lactalbumin- 
fluorescein undergoes patching before internalization. Whether 
a Similar process occurs in our cultured lymphocytes cannot be 
determined from these studies. The redistribution of insulin in 
the plane of the membrane to the Golgi pole of the cultured 
human lymphocytes seems more closely analogous to the 
phenomenon of capping. Taken with the data of Schlessinger et 
al.'*, the present results suggest that insulin binding to the cell 
surface induces a patch-cap formation similar to that described 
for di- or multivalent ligands®. In this respect, it is interesting 
that the capping of '**I-insulin on the cell surface is qualitatively 
and, most importantly, quantitatively identical to that observed 
for a unique immunoglobulin (anti-insulin receptor antibody) 
which binds specifically to the insulin receptor'®, and which was 
isolated from a patient with a severe insulin resistance. 





Fig. 2 


IM-9 lymphocytes incubated for 60min at 37°C with 0.2 nM 
-insulin. Autoradiographic grains (encircled) are concentrated in the 
region of the cell characterized by numerous microvilli and membrane 
infoldings (uropod). This region corresponds to the Golgi pole of the 
lymphocyte. 


125] 


If one assumes that at physiological concentrations insulin 
behaves as a univalent ligand, it is then clear that bivalency of the 
ligand is unnecessary either for mobility in the plane of the 
membrane or for internalization. However, whether the ligand 
induces some form of aggregation or cross-linking of its receptor 
remains unknown. 

Finally, we have proposed that endocytosis may be the major 
mechanism by which polypeptide hormone receptors are lost 
from the cell surface*. Micro-aggregation, lateral mobility and 
internalization of the hormone and its specific receptor in the 
plane of the membrane could provide a mechanism for selective 
loss of a single class of receptors analogous to the removal of 


specific immunoglobulins from the surface of lymphocytes”. 


This work was supported by grant 3.120.77 from the Swiss 
NSF. During this work P. Gorden was a visiting professor at the 
Institute of Histology and Embryology in Geneva. 
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The rate of most biological reactions declines as the temperature 
is reduced; indeed, cooling is often used to limit or terminate 
reactions. We report here a paradoxical temperature response 
of red cell K and Na permeability below 12°C. This may be 
interpreted thermodynamically in terms of a membrane-order- 
ing phenomenon, an observation supported by a variety of other 
physical measurements on red cell membranes reported in the 
literature. 

Surprisingly few data are available on the effects of tempera- 
ture on Na and K transport in human erythrocytes. This may be 
due in part to the presence of at least three components of Na 
and K movement in human red cells. These can be resolved as 
the ouabain-sensitive Na-K pump’, the furosemide-sensitive 
Na-K co-transport system? and a residual process showing 
linear concentration dependence’. For normal human red cells, 
at 5 mM external K, K influx is roughly divided between these 
three processes in the proportion 60%, 35% and 5%, respec- 
tively, at 37 °C. We have measured the temperature dependence 
of the three components of K uptake over the temperature range 
4-37 °C (Fig. 1). The two K transport systems which show 
saturable kinetics and which can be identified using known 
inhibitors (ouabain for the Na-K pump and furosemide, or other 
loop diuretics such as bumetanide, for the Na-K co-transport 
system), fell off sharply with decreasing temperature, no 
significant fluxes being measurable below about 4 °C (Fig. 1). In 
marked contrast, however, the residual K influx, which shows a 


Table 1 Changes in internal erythrocyte [Na] after storage as a 
function of temperature 


[Na]; 
umol per gHb Difference 
Before storage 31.9+0.1 
After storage 
20°C §1.8+0.3 19.9+0.4 
10°C 46.7+0.2 14.8 +0.2* 
0°C §2.0+0.3 20.1 +0.4* 





After washing 4x in (mM) NaCl 145, KCI 5, MOPS 15 and glucose $ 
pH 7.4, at 20 °C, followed by 15-min incubation with inhibitors at 37 °C, 
cells were incubated for 22h at 4% haematocrit at the temperatures 
shown with ouabain and bumetanide 10°*M each, with continuous 
gentle mixing. After storage, the cells were washed 4x in 106mM 
MgCl, and 10 mM Tris, packed and lysed in water. [Na] was measured 
by flame photometry and haemoglobin (Hb) was measured with Drab- 
kin’s reagent at 540 nm. The results are expressed per g Hb (+s.e.m., 
n = 6) to exclude any effects of temperature on cell volume. 

*Significantly different at P< 0.001, Student's t-test. 


3.00 


1.00 


K influx (mmol per I cells per h} 
D 
Lat 
2 


0.03 





Temperature (©) 


Fig. 1 The three components of K influx as a function of 
temperature. K influx was measured by previously described 
methods’ using 42k or tracer *°Rb (ref. 16 in a 142 mM NaCl, 
7.5 mM KCI, 15 mM MOPS (Sigma) and 5 mM glucose solution, 
pH 7.4, at 20 °C, 7.3 at 0°C, 7.48 at 37 °C. Inhibitors (ouabain and 
furosemide, Hoechst) were added to final concentrations of 
0.1 mM and 1 mM, respectively. Cells were preincubated at 37 °C 
for 15 min before cooling to allow binding. The cells were exposed 
to isotope for up to 3 h before rapid washing tour times in ice-cold 
MgCl, 106mM and Tris 10mM. ©, Owabain-sensitive: A, 
furosemide-sensitive; @, ouabain/furosemide-insensitive. 


linear K concentration dependence and is ouabain- and 
furosemide-resistant, reached a minimum at about 12 °C, below 
which temperature the flux began to increase again. In three 
experiments in which this flux was measured at 0°C and 10°C, 
the ratio K influx 0°C:10°C was 2.1+0.5 (s.e.m.). Quabain- 
and furosemide-resistant Na efflux (Fig. 2), K efflux and Na 
influx (data not shown) all showed a similar paradoxical pattern 
of temperature dependence with a minimum at about 12°C. Ina 
second series of experiments, net Na accumulation was 
measured following long-term (22h) incubation in media 
containing ouabain and bumetanide (used as an alternative to 
furosemide because of its greater potency). The results (Table 1) 
demonstrate that Na accumulation was significantly lower 
following incubation at 10 °C than with either 20 °C or 0°C. This 
experiment, therefore, confirms the observations from tracer 
fluxes that there was a minimum around 10°C for Na 
permeability, as also shown by Dalmark & Wieth”. 

Although ouabain binding shows a very low reversibility at 
0°C (ref. 4), it was important to rule out the possibility of 
reversal of bumetanide (or furosemide) binding at low tempera- 
tures. Cells were always pretreated with maximal concentrations 
of inhibitors for 15 min at 37 °C before flux measurements, and 
as the K concentration dependence of K influx, measured at 6, 4, 
11 and 37 °C, was found always to be linear, reversal of inhibi- 
tion at low temperatures, which would restore a saturable 
component of K influx, can be discounted. Possible participation 
of the anion transport protein in this effect (through, for example 
NaCO; or KCO; transport)’ is unlikely because the anion 
exchange flux rate is markedly inhibited by temperature 
between 10 and 0°C (ref. 6). In any case 0.1 mM SITS (4- 
acetamido-4'-isothiocyanatostilbene- 2,2'-disulphonic acid, 
sodium salt, BDH), a potent inhibitor of the anion transport 
system’, had no effect. Membrane potential effects can be ruled 
out because both influx and efflux tracer cations were increased 
at low temperatures, and there was no significant temperature- 
dependent change in membrane potential measured by the 
dis-C,-(5) dye method") in ouabain- and fyrosemide-treated 
cells. 

In the present work, we have shown that the linear 
components of Na and K fluxes have minimum values at around 
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Fig. 2 Na efflux as a function of temperature. Fresh human cells 

were loaded with “Na as previously described’. Ouabain 

(1074 M) and bumetanide (1074 M} were added towards the end of 

the loading incubation to allow binding before rapid washing in 

cold 145 mM NaCl, 5 mM KCI, 15 mM MOPS and 5 mM glucose 
solution, containing the inhibitors. 


12°C. Wieth’ has reported a temperature-dependent stimula- 
tion of the ouabain-insensitive Na and K fluxes in human 
erythrocytes by the anions SCN and salicylate (used at 100 mM 
concentration) which gave rise to a flux minimum at about 18 °C. 
In thermodynamic terms such paradoxical behaviour could be 
the result of two mechanisms: the summation of two processes 
with enthalpies of activation of opposite sign (for example, 
Wieth’? suggested that the ions SCN” and salicylate titrated fixed 
membrane charges exothermically at low temperatures) or the 
result of a single process whose entropy change is a function of 
temperature. According to Eyring’s theory’, the temperature 
dependence of diffusion (D) is given by 


D =cTe~8O/R7 


where c is a constant, T the absolute temperature, R the gas 
constant and AG* the Gibbs free energy change for activation of 
the transition state. From the Gibbs equation AG*= 
AH*-—TAS* where AH* and AS* are, respectively, the 
enthalpy and entropy changes for activation. In the first case, 
AS* is invariant with temperature. If In D is differentiated with 
respect to 1/7, one obtains 














dinD _AH* 
d(i/T) R 
If T<« AH*/R, this reduces to 
dinD__ AH* 
d(1/T) R 


the Arrhenius equation. If, in the second case, AS* is a function 
of temperature denoted by AS*(1/T), the expression becomes 


dinD d [Asn _AH* | T 
d(1/T)} d(1/T) R R 
The function In D (and therefore D) can show a minimum if at 
some temperature 
d 
d(1/T) 

This equation expresses the thermodynamic condition necessary 
for a minimum to be observed in the relationship between ion 
flux and temperatyre, consistent with the present data. A 
temperature-dependent change in the entropy of activation for 


the transition complex could result from a change in membrane 
ordering. In this context workers using physical techniques to 











AS*(1/T) =AH* + RT 
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study membrane ordering have reported relevant observations: 
(1) Raman spectroscopy (Verma and Wallach'') showed dis- 
continuities in lipid CH-stretching and membrane-bound g- 
carotene intensities in the temperature range — 4 °C to 20 °C; (2) 
Tanaka and Ohnishi'* demonstrated an inflection point at 18°C 
in the phosphatidylcholine spin label line splitting for eryth- 
rocyte ghosts; (3) in ether-extracted erythrocyte ghosts, Cullis’? 
found a change in P nuclear magnetic resonance linewidth at 
about 20 °C; (4) using a fluorescence probe to assess membrane 
fluidity, Kapitza and Sackmann”™ observed a marked increase in 
this parameter between 12 and 17 °C. All these methods reflect 
membrane ordering and therefore entropy. However, as the 
temperature of the flux minimum is a function not only of 
d/d(1/T)AS*(1/T) but also of AH* and RT, points of inflection 
identified from these data cannot be simply related to the flux 
minimum described here. 

Our flux measurements may therefore represent a functional 
correlate of the temperature-dependent changes in membrane 
ordering evidenced by other physical methods. 

We thank Dr T. J. Rink for measuring membrane potential, 
Dr V. L. Lew for helpful discussions, and the Wellcome Trust for 
supporting G.W.S. 
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Plateau potentials in 
pancreatic islet cells are 
voltage-dependent action potentials 


Daniel L. Cook, Wayne E. Crill & Daniel Porte Jr 


Veterans Administration Hospital, 4435 Beacon Avenue So., Seattle, 
Washington 98108 


Islet cells stimulated by a steady glucose concentration above a 
certain threshold (usually 5-7 mM) display cyclic membrane 
potential changes’. This islet electrical activity consists of action 
potentials (spikes) superimposed on a depolarized plateau (see 
Fig. 1). Higher levels of glucose prolong the plateau phase and 
shorten the silent phase until the plateau potentials merge to 
produce continuous spiking at 20-25 mM. The fraction of each 
cycle spent in the plateau phase correlates with glucose concen- 
tration and insulin release rate’, suggesting that control of the 
onset and offset of the plateau is important in the regulation of 
insulin release. The abrupt transitions between silent and pla- 
teau phases suggest that the plateau is a persistent, voltage- 
dependent action potential as in cardiac muscle. This idea is 
supported by evidence’ that Ca** influx is stimulated by K* 
depolarization of islets. However, this voltage dependency can 
be explained by electrical evidence**® that the spikes are 
generated by voltage-dependent Ca** currents. Furthermore, 
there is evidence against the voltage dependency of the plateau 
because it seemed to be unaffected by intracellular current 
injection and K* depolarization, which clearly affected spik- 
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ing’*. As there are alternative explanations (see below) for 
these last negative findings, we have re-examined this important 
question using a new technique of direct electrical stimulation of 
entire, isolated islets using a suction electrode. Contrary to the 
previous negative findings, our present results clearly show that 
the plateau potential is a voltage-dependent, persistent action 
potential. 

Pieces of pancreas from Swiss~Webster mice fed ad libitum 
were perfused in a Krebs-Ringer bicarbonate buffer gassed with 
O,/CO, (95:5) and maintained at 37 °C. Individual islets (100- 
300 um diameter) were microdissected free of exocrine tissue 
and held by the hollow glass electrode (90-200 ym inside tip 
diameter) with gentle suction (5-10 mm H20). A stimulus iso- 
lation unit provided constant current stimuli through this suction 
electrode. Standard electrophysiological techniques with glass 
microelectrodes (tip resistance 300-400 MQ) were used to 
record islet cell membrane potentials. Because the suction 
electrode current passes through the entire islet, extracellular 
potentials within the islet cannot be assumed equal to the bath 
ground potential. Therefore, potentials measured during stimu- 
lation are not a true measure of transmembrane potential. 
Glucose-responsive islet cells were identified by their typical 
pattern of electrical activity and were used only if recordings 
were stable for at least 10 min. These records typically had silent 
phase potentials between —50 and —60 mV, and at the time of 
recording the islets had been exposed to 11.1 or 13.7 mM 
glucose for at least 30 min. 

Figure 1, line 1, shows the rhythmic electrical response to 
11.1 mM glucose. In line 2, this regular endogenous rhythm was 
interrupted by an 8-y.A, 2-s-long depolarizing current (from the 
suction electrode) which evoked an all-or-none plateau poten- 
tial indistinguishable from endogenous plateaus. The ensuing 
electrical rhythm is identical to that observed before the stimu- 
lus but is shifted as if a pacemaker had been reset. Line 3 of Fig. 1 
demonstrates that this all-or-none response has a definite elec- 
trical threshold, as a slightly weaker stimulus (6 pA) did not 
initiate a plateau and had no effect on the plateau rhythm. 
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Fig.1 Responses to depolarizing currents. Three excerpts from a 
membrane potential recording from a single islet cell in the 
presence of glucose (11.1 mM). Line 1, control activity; line 2, a 
premature plateau potential initiated by an 8-pA, 2-s-long 
depolarizing current presented 2s into the silent phase; line 3, 
failure of a similar 6-A stimulus to initiate a plateau. 


Plateau termination is also voltage dependent because an 
endogenous plateau can be aborted by a brief (100 ms) hyper- 
polarizing stimulus current of —18 pA (Fig. 2, line 2). This 
all-or-none response has the same slow time course of 
repolarization and length of silent phase as seen in the endo- 
genous activity. There is also a sharp stimulus threshold, as a 
slightly weaker current (—15 pA) does not interrupt the plateau 
(Fig. 2, line 3). Although not clearly shown in Fig. 2, artificial 
- termination of plateaus interrupted and reset the endogenous 

rhythm as effectively as artificial plateau initiation (Fig. 1). 
For both the initiation and termination of plateaus in all cells 
tested, we have consistently observed a reciprocal relationship 
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Fig. 2 Responses to hyperpolarizing currents. Membrane 

potential records from a second cell in the presence of glucose 

(13.7 mM). Line 1, control electrical activity; line 2, endogenous 

plateau prematurely terminated by a ~18-yA, 100-ms-long 

hyperpolarizing current presented 10 s after the beginning of the 

plateau; line 3, failure of a similar ~15-pA current to terminate a 
plateau. 


between stimulus current strength and stimulus duration (data. 
not shown), as is characteristic of excitability phenomena in 
other systems. For example, in one cell, a 10- pA current 
required 2s to trigger a premature plateau whereas a 20-pA 
current required only 1s. Similar relationships were found for 
termination of plateaus, although typically, plateau initiation 
has required longer stimuli that platezu termination (1-2 s 
compared with 50-100 ms). 

Previous studies*® found that neither plateau length nor 
frequency was affected by stimulus currents passed through the 
recording electrode or by elevation of bath K” concentration. 
These results probably reflect the difficulty of driving a coupled’ 
population of cells by stimulating a single cell, as well as 
accommodation to slow changes in K~. More rapid (1-2 s) bath 
K* changes elicit premature plateaus (unpublished results) as 
readily as electrical stimulation through the suction electrode. 

It is possible that our electrical stimuli affect plateau poten- 
tials indirectly by releasing endogenous isiet neurotransmitters. 
However, this is unlikely because it seems to require that 
depolarizing stimuli selectively release acetylcholine (known to 
depolarize islet cells)? whereas hyperpolarizing stimuli selec- 
tively release catecholamines (known to hyperpolarize islet 
cells)’. A more likely explanation is that the electrical stimuli are 
directly activating and deactivating a voltage-dependent 
membrane conductance. This conductance change underlies the . 
prolonged plateau depolarization which drives the more rapid 
spiking activity. Thus, the islet cell plateau potential resembles 
voltage-dependent, persistent action potentials. seen in myo- 
cardial cells’? and the slow potentials of molluscan pacemaker 
neurones'’. The underlying ionic mechanism in islet cells is 
unclear but may be due to increased conductance to Na“ or Ca’** 
as in these other systems or to a decreased conductance to K”, as 
proposed for islet cells”. 

The second key observation in the present work is that 
electrical stimuli interrupt and completely reset the rhythm of 
islet cell electrical activity. This seems tc rule out electrically 
insensitive pacemaker mechanisms such as autonomous bio- 
chemical oscillators which merely drive membrane events. 
Furthermore, the pacemaker mechanism must depend on either 
the membrane potential directly or the fluzes of ions underlying 
the voltage changes. For instance, as in heart cells and molluscan 
neurones, one or more slow, voltage-dependent K^ conduc- 
tances may serve as the pacemaker. Altern atively, islet cells are 
known to possess an electrogenic Na*-K* pump“ and a Ca” 
dependent, K* conductance’*. Thus, intracellular ae ste 
of Na* or Ca” during the active plateau phase could, by either 
mechanism, activate a hyperpolarizing current which would 


leraar mr aN N AA LNA Ananaia ankai i 


i aroreamaaaunnuiyianansnsimanira arinekin 





406 


Nature Vol. 286 24 July 1980 





eventually trigger plateau repolarization. Depletion of the 
cation pool during the silent phase would lead to slow 
depolarization and the next plateau. | 

Although the specific ionic mechanisms of the plateau 
conductance change and the pacemaker mechanism remain 
unclear, these data conclusively show the islet cell plateau 
potential to be a persistent, voltage-dependent action potential 
whose pacing must involve membrane potential or ion fluxes. 

We thank H. P. Meissner and I. Atwater for technical advice. 
This work was supported by the US Veterans Administration 
and NIH research grants AM 12829 and 21185. D.L.C. was 
supported by a Juvenile Diabetes Foundation post-doctoral 
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Allotypic (genetic) variations in the variable (V) region of 
immunoglobulin chains have been extensively studied in 
the domestic rabbit'’. The first allotypic determinant 
identified in the V region of human immunoglobulins, described 
in our laboratory, is designated Hv(1). Its detection, using 
protein McE and a rabbit antiserum to McE, and its mode of 
inheritance based on family and population studies, have been 
reported previously’. Briefly, Hv(1) is located in the V region of 
human immunoglobulin heavy (H) chains of G, M and A 
classes. It is inherited as an autosomal dominant trait, with a 
gene frequency in white people of 0.189+0.023. The 
polymorphic nature of Hv(1) has also been. confirmed in black 
people, studies on a large black kindred (n=80) having 
confirmed its autosomal dominant mode of inheritance. The 
gene frequency (determined by the Elston-Stewart method using 
maximum likelihood‘) in blacks is 0.278 +0.067. Hv(1) seems 
analogous to murine idiotypes of the so-called Idx category‘ and 
to rabbit V region allotypes in that it is not restricted to any 
particular immunoglobulin class. This observation is consistent 
with our previous finding that the same V-region amino acid 
sequence is able to associate with constant (C) regions of 
different H-chain classes’. However, an important difference 
between Hv(1) and the idiotypic markers in mice and rabbits is 
that the former is presumably associated with the framework 
residues whereas the latter are associated primarily with the 
hypervariable regions. We now report results obtained from 
family studies which indicate absence of linkage between Hv(1) 
and the human C-region markers Gm (human IgG H chains) 
and Km (x-type light chains). These results provide new 
information about the genetic control of immunoglobulin 
synthesis in man. - 7 

Serum samples from one large black kindred (n= 80) and 
one large white kindred (n= 220) and from three smaller white 
families (n= 84) were typed for Hv(1), Km(1) and nine Gm 
markers (1, 2, 3,5, 6, 13, 14, 17, 21) by. our standard 
haemagglutination inhibition method*'*. All sera were diluted 
1:16 for detection of Gm and Km markers. The Hv(1) marker 
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was detected by the use of serial dilutions, with inhibiting titres 
of 1:16 or greater considered as positive. The lod score 
method of Morton? was used to test for linkage between 
Hv{1) and the C-region markers, basing the likelihood on the 
complete pedigree structures% +°. This method takes advantage 
of available data from every sort of informative test cross, that 
is, from double intercrosses and single backcrosses as well as 
double backcrosses. It determines the relative odds that a 
sequence of genotypes among siblings resulted from linked loci 
with a certain percentage of meiotic crossing over, as 
compared with the possibility that the sequence occurred by 
chance from unlinked loci. For convenience, the ratio of these 
two probabilities--recombination fraction @<1/2 (linkage) 
compared with @=1/2 (no linkage}—is expressed as its 
logarithm. The log,, of this relative probability is called the 
log of the odds or ‘lod score’, and the value of @ which 
corresponds to the maximum value of the lod score is taken as 
the estimate of the recombination fraction @. Computer 
program LIPED’® was used to calculate lod scores. The lod 
scores for linkage between Hv(1) and Gm and Km markers 
were negative (Table 1). (A negative value argues against 
linkage, a lod score greater than 2 is suggestive of linkage, and 
a value greater than 3 is accepted as proof of linkage.) On the 
basis of the data presented here, close linkage between Hv(1) 
and Gm and Km is excluded. 

Investigations in humans, as well as mice and rabbits, 
suggest that unlinked genes code for H chains, x-type light (L) 
chains and A-type L chains''~'*. Absence of linkage between 
Hv(i) and Km is compatible with these observations. 
However, the absence of linkage between Hv(1) and Gm does 
not concur with findings in the rabbit and the mouse. 

Most models of immunoglobulin genes predict close linkage 
between V- and C-region genes. V,,-region markers have been 
analysed in considerable detail with regard to linkage to Ca 
loci. Rabbit a-group allotypes, located on the V,, region, are 
linked to the d- and e-group allotypes located on the y-chain 
of C, (refs 15, 16), and in mice some idiotypic (V-region) 
markers are linked to Cy allotypes®:'7:'®. However, the results 
reported here are not entirely unprecedented. For example, 
one study of b-group allotypes and the Lid idiotype in rabbits 
gave no evidence of linkage between V, and C, genes’. 

The simplest interpretation of the present finding ts that 
Hv(1) is not a V-region allotype. However, extensive inhibition 





Table 1 Lod scores for linkage between Hv(l} and Gm and Km 


markers 
Recombination fraction (@)* Gm Kim 
0.05 — 9.93 -3.47 
0.1 643 — 2.18 
0.2 — 2.72 -0.86 
0.3 ~~ 0.99 — 0,29 
0.4 ~Q.19 — 0.04 





*Assuming that the recombination fractions (0} in males and females 
are equal. 
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& latent allotypes and the ‘pecking order | 
sü of allotypes, all suggest the existerce of regulatory 
Rp which control the expression of ‘structural genes 
Peoding immunoglobulin allotypes?! 77. Indeed, it has been 
Psuggested that expression of other genetic polymorphisms (for 
example, HLA and ABO} may also be under the control of 
regulatory genes?®. a ; 
Alternatively, the loci for Hv(1) and Gm may be on the 
same chromosome, but very far apart. In murine H and L 
chains, the V-region structural..genes are located at some 
distance from the C-region structural genes in the germ-line 
DNA2%-33 When two loci are very far apart, their genetic 
behaviour in family studies is often indistinguishable from that 


of independently segregating loci (that is, those on different 


chromosomes). One approach to this problem is genetic: 
mapping by the somatic cell hybridization technique**. Such 
studies are in progress in our laboratory. 
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Smith for editorial assistance, and Mary Marazita, John 
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some of the samples used in this study, This research was 
supported in part by USPHS grants HD-09938, CA-25746, 
RR-05767, MH-26721, HL-03341 and GM-16697 and NSF 
grant PCM-24809. 
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Differences in the kinetic and/or endurance properties ol 
enzymes encoded by alternative alleles have been suggested 
the basic level at which selection could act on allozyme polye 
morphisms'*. The correlation between spatial differences in 
gene frequencies and an environmental vatiable (hereafter 
designated cline, in its widest sense), when not spurious, has 
been proposed to show the working of selection’. Let us suppose 
that a given cline has originated through an environmentally 
imposed selection on enzyme activity. Because differences in 
enzymatic activities among individuals can be split inte strac- 
tural-gene and ‘genetic-background’ components’, selection 
should act on both components in the same direction. That is, g 
correlation should exist between the environmental variable and 
the background component and it should be of the same sign as 
that between the environmental variable and the frequency of 
the most active allele. It should be less likely for clines conform- 
ing to these expectations to be spurious. Here we have investi- 
gated the relationship between the alcohol dehydrogenase locus 
(Adh) polymorphism and temperature in Spanish populations 
of Drosophila melanogaster and have found that it meets the 
above criterion. 

It has been shown that the specific. activity is higher for the 
Adh” than for the Adh® allelic variant of the enzyme”, and 
that loci other than Adh affect ADH activity”, although the 
extent of the two effects has been questioned’. A temperature 
cline has been reported for this locus", but a widespread asso- 
ciation of the Adh” allele with an inversion in the same 
chromosome arm (If left; refs 11, 12 and our unpublished 
results) makes interpretation of the cline difficult. 

We have chosen the average temperature of the coldest 
month of the year (fia) as the environmental variable. (Average 
temperature of the year O) and average temperature of the 
hottest month (fms) are correlated with it over locations; 

= 0.961, df.%22, P<0.001; ranma = 0-712; df #22, 
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Adh” freque 
Minimum 

Sample temperature — OR 
i Alpujarra ~O.31 119 
2. Pefiafiel§ 4.29 96 
a] - 2.10 94 
i$ Cigales 310 95 

4 Foentespina 2.35 104 
5 Utiel 2.35 129 
6] 2.86 2) 
T a 2.86 96 

7 Puente PLN, 3.44 124 
& Cebrerosý 47 4a 
9 Montblanch 4.08 126 
10 Marsa 4.93 421 
1i Gandesa 3,62 i21 
12 $. Quintin 5,79 124 
1S Cerifena 5.95 73 
i4 l 6.51 76 
getem 6.5] 118 

1S Jaraiiis 7.27 123 
16 Castuera 7 3b 122 
17 Verdrel RA 108 
18 Abronte 8.78 121 
19 Cheste 9,32 . 126 
20 Alhama$ G40 95 
21 Jalon 9.47 148 
ze í 10.07 127 
nor 10.07 95 

24 Egidos 11.83 96 
24 Torre de Mar 13.63 53 
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* Results from captured wild flies; no significant differences were observed between sexes. 





+ ADH activity was assayed in descendents of the captured individuals, kept in population cages for no more than 3 months. The heads were electrophoresed and the b 
of Adh®’” individuals pooled in groups of 10. Reaction mixture: 0.5 mi of 6 mM NAD, 1 M isopropanol + 0.1 ml of homogenate (10 flies per mi), all in 0.05 M Tris-HCI 


pH = 0.0 Assay temperature 24°C. Results in AF per m per fly, at 340 nm. 


+ Chromosomes extracted from wild captured males and assayed for cross-over suppression against an al chromosome”. LAT, Left arm inversion. 


§ Samples captured in the same month, but a year later than the rest. 


| Angular transformation has been applied to the frequencies (d.f. = 26, P< 0.001). 


die 13, P< 0.001. 


P<9.001.) There is a close correlation between the angular 
transform of Adh” frequency and fmin (Table 1). The cline is not 
strictly latitudinal, in contrast with that observed on the US East 
Coast? (see Fig. 1 and Table 1). 

We have assumed the among-populations differences in ADH 
activity, measured in Adh™” individuals, to be due to the 
genetic background. This is a valid approach as the available 
evidence shows that there is little structural variability segregat- 
ing within Adh electromorphs’*. ADH activity was measured in 
Adh®’® individuals from 15 locations (angtranst.Adh” treq..tmin = 
~0.747) and a negative correlation with fmin was found (Table 1). 
Activities were expressed on a per fly basis as no significant 
ever-locations correlations were found between body weight 
(x,) and fan or between body weight and activity per fly (x2) 
(Pes man = 0.2814, df. = 10, 0.4> P> 0.3; raa = 0.1339, df = 
11, 0.7 > P>0.6). 

In general, this type of result should reduce the probability of 
a non-selective origin for an observed environmentally cor- 
related allozyme pattern. In our particular case, we note that the 
environmental variable is an a priori one, in the sense that a 
imilar cline has been described already". The other potential 
ource of spuriousness, non-random association, can be 
dom associated gene (or 

following conditions: 
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the second half of the temperature range (xi = 0.335, 0.6> P: 
0.5). 

We regard these results as strong support for the hypothesis « 
a selective origin of the Adh cline in Spanish populations í 
D. melanogaster. We do not imply that temperature is the age 
of the probable selection in the cline; any other temperature 
correlated variable (such as average concentration of alcohol | 
the food available to the flies) or a combination of them could t 
the actual agent. 

The present study provides a new approach for investigatir 
the selective origin of clines. We believe it could be applied to 
fair proportion of enzymatic polymorphisms as, in most case 
there are differences in the specific activities between alle! 
forms', and, at least in some species, spatial patterns of ger 
frequencies are not uncommon? 

L. Silió carried out the activity assays. We thank F. Garci 
Olmedo, G. N. Somero and C. Wills for their help in ti 
preparation of this manuscript. 
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Several independent isolates of feline sarcoma virus (FeSV) 
have been described'™’. Such viruses are apparently derived by 
genetic recombination between feline leukaemia virus (FeLV) 
genomic RNA and host cellular genetic sequences with trans- 
forming potential’, Two FeSV isolates, one originally described 
by Gardner and the second by Snyder-Theilen, have been 
shown to encode polyproteins of around 115,000 molecular 
weight’*"*°. Both polyproteins contain FeLV structural 
components (p15, p12) at their amino terminus in addition to 
nonstructural carboxyl terminal components encoded by 
acquired sequences within the FeSV genome. We have pre- 
viously shown that Gardner FeSV P115 contains multiple sites 
of phosphorylation within its nonstructural component and 
possesses an associated protein kinase activity’. In the present 
study we describe the expression in cells derived from a number 
of mammalian species, of a highly conserved cellular phos- 
phoprotein with binding affinity for Gardner FeSV P115. This 
protein, designated P150, exhibits an associated protein kinase 
activity and is immunologically and structurally distinct from 
polyproteins encoded by the Gardner or Snyder-Theilen strains 
of FeSV. 

In view of accumulating evidence implicating the non-struc- 
tural components of Gardner and Snyder-Theilen FeSV 
encoded polyproteins in transformation (see ref. 10 for review), 
we analysed uninfected and FeSV transformed mammalian cells 
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Fig. i Analysis by SDS-PAGE of polyproteins 
encoded by the Gardner strain of FeSV and 
150,000 molecular weight cellular phos- 
phoproteins. Cell lines have been previously 
described®* and include a fetal mink cell line, 
CCLO64 (df, k, l, n), a Gardner FeSV trans- 
formed subclone of CCL64, designated 64F3 
(a-c, m), a kitten embryonic lung cell line, KeLu 
(g A, 0) and a canine embryo thymus line, 
FCTh (i, D. Metabolic labelling of exponen- 
tially-growing cells for 2h at 37°C with either 
“C-amino acids (10 uCi per md (57 wCi/m 

Atom, Amersham) (a-/: m-0) or ?°P-ortho- 
phosphate (100 uCi per mii (carrier-free), 

NEN) (k, 0 was performed as reported pre- 

viously”, Following labelling, cell monolayers 

were washed twice in serum-free Dulbecco's 
modified Eagles medium and disrupted at 4 °C 

in 10mM_ sodium phosphate pH 7.2, 0.9% 

Natl, 1% Triton X-100, 0.5% sodium deoxy- 

cholate and 0.1% SDS (PBSTDS) lysis buffer, 9 
Extracts (5 ml) were incubated at 4 °C for 18h , 

















10% giveerol, 2.5% 2-mercaptoethanol and 0.1% 
stacking gel and a 9 om 5-20% linear 
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for the presence of proteins which exhibit specific binding 
afinity, and thus possible functional interaction with FeSV 
P115. Initially, ‘*C-amino acid labelled control and Gardner 
FeSV transformed mink cells were analysec by immunoprecipi- 
tation and SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE) using goat antisera directed against detergent-disrupted 
FeLV. In addition, a high-titred antiserum prepared by 
immunization of a goat with FeSV P115 partially-purified from 
Gardner FeSV(4070-A) pseudotype virions by gel filtration was 
used. As shown in Fig. 1, immunoprecipitation of FeSV P115 
and its major cleavage product, P72, from Gardner FeSV 
transformed mink cells was obtained with either anti-F OV 
P115 (ane b), or anti-FeLV (lane a), but net by normal goat 
serum (lane c). The viral specificity of these proteins is indicated 
by their absence from control mink cells danes d-f). Pre- 
cipitation of Gardner FeSV P115 by anti-FeLV has previously 
been shown to be due to immunological recognition of FeLV 
p15 and p12 structural components**'*"". Ar additional pro- 
tein, of around 150,000 molecular weight (P150), was pre- 
cipitated from both FeSV transformed and control mink cells by 
anti-FeSV P115 and from FeSV transformed but not contro! 
mink ceils by anti-FeLV. These findings demonstrate recog- 
nition of P150 by our anti-Gardner FeSV P115 serum and raise 
the possibility that FeSV P115 may have binding affinity for 
P150. Such affinity could account for immunoprecipitation by 
anti-Fel.V of P150 from FeSV transformed bat not control 
mink cells, 

To explain the above results it is necessary to account for 
precipitation of P150 from control mink cells py anti-FeSV 
P115. One possibility is that P150 might have been incorporated 
into FeSV pseudotype virions as a consequence of an affinity for 
FeSV P115. Antisera prepared by immunization with partially- 
purified FeSV P115 might thus recognize mink cellular P150 
due to low level P150 contamination of the original immunogen. 
Alternatively, immunoprecipitation of P150 by anti-FeSV could 
reflect immunological cross-reactivity between the two proteins. 
A high-titred antiserum was prepared by repeated immuniza- 
tion of a Fisher rat with FeSV nonproductively-transfarmed 
syngeneic tumour cells. If P150 and FeSV P115 shared 
immunological determinants, sera prepared by this means 
shouid also recognize mink cellular P150. As shown in Figs 1, 
immunoprecipitation of FeSV P115 and P72 from FeSV 
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following addition of RNase A (200 wg ml”, RNase Ta (0.1 wg mi”), DNase I (4.0 pg mi~’), normal goat serum (25 ul), protein-A Sepharose Cl-4B (1.0 mi of 10% 
v/v suspension) (Pharmacia), and clarified by centrifugation at 100,000 g for 1 h. Specific proteins were immunoprecipitated by addition of § wLof specific antisera to 
i mal lysate, incubation for 18h at 4°C, addition of 30 4! of a 10% (v/v) protein-A Sepharose Cl-4B suspension and incubation for a further 2h at 4°C. 
Immunocomplexes were collected by centrifugation at 2,000¢ for 10 min, washed three times aT t g 

bromophenol blue and heated for 2 
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transformed (lane m), but not control mink (lane n) or cat (lane 
0) cells was obtained. The absence of detectable precipitation of 
P150 from uninfected control cells (lane n) argues against the 
possibility that P150 and FeSV P115 possess common 
immunological determinants. 

The availability of a high-titred goat antiserum with specificity 
not only for FeSV P115 but also for mink cellular P150 provided 
a means for examining cells of additional species for 
immunologically cross-reactive proteins. As shown in Fig. 1, 
proteins similar in molecular weight to mink cellular P150 were 
precipitable from uninfected feline embryo and canine thymus 
cells by anti-FeSV P115 (lanes g, i) but not control (lanes h, j) 
goat serum. In other studies we have observed expression of 
analogous proteins in each of several established human 
tumour cell lines (data not shown). Thus, mink cellular P150 
seems to be representative of a class of proteins of around 
150,000 M, expressed in cell lines of many different mammalian 
species. 

To explore further the relatedness of the 150,000 molecular 
weight proteins in uninfected mink and cat cells both to each 
other and to the 115,000M, Gardner and Snyder-Theilen FeSV 
encoded polyproteins, **S-methionine tryptic peptide mapping 
studies were performed. As shown in Fig. 2a, Gardner FeSV 
P115 contains five °°S-methionine labelled peptides, none of 
which correspond to the two **S-methionine labelled peptides 
specific to the p30 component of FeLV Pr65*** (Fig. 2c). Three 
of the five Gardner FeSV P115 peptides are also represented in 
Snyder-Theilen FeSV P115 (Fig. 2b) consistent with the con- 
tention that these ndependently-derived FeSV isolates possess 
common or overlapping acquired genetic sequences **"'” 
Additional minor peptides within the Gardner FeSV P115 
peptide map, indicated by dotted circles, are probably 





° d 
e 
fee? 3 
a f 
et i A 
- ‘e 
4, Lom 
los: 5° 
o e a 3 
e 
es 
2 
~ 
4 lf: 
© 
o 
¢ I 
e- 
£3 3> » e 
> 2” r os 
4. 
1 er -_ 5* K) + 
o Pal Q 8 dD- pe *) 


Fig. 2 Comparison by two dimensional tryptic 
peptide analysis of Gardner and Snyder-Theilen FeSV 
P115s to the 150,000 molecular weight phos- 
phoproteins expressed in mink and cat cells. Proteins 
were labelled for 2h at 37°C with **S-methionine 
(200 Ci per ml) (1075 Ci mmol™', Amersham) and 
purified by immunoprecipitation and SDS-PAGE as 
described in the legend to Fig. 1. Following elec- 
trophoresis, gels were washed extensively with 10% 
trichloroacetic acid, and subsequently with a 10% 
solution of acetic acid and methanol in water and dried 
under vacuum. Labelled proteins were localized by 
autoradiography, and selected gel slices further 
washed in methanol (10%) and lyophilized. Proteins 
were digested by incubation of gel slices in tolyl- 
sulphony! phenylalanyl chloromethyl ketone (TPCK)- 
trypsin (Worthington Biochemicals) (50 yg ml ' in 
0.05 M ammonium bicarbonate pH 8.0) for 6h at 
37°C. Following filtration through a 0.45 pm Millex 
filter (Millipore) and removal of ammonium bicar- 
bonate by repeated lyophilization, tryptic digests were 
incubated for 2 h at 0 °C in 0.1 ml of chilled performic 
acid (30% H,O, and 90% formic acid (1:9) prein- 
cubated for 2 h at room temperature). Samples were 
diluted with 2 ml H,O, lyophilized, resuspended in 
electrophoresis buffer comprised of acetic acid : formic 
acid: water (15:5:80) and spotted on 10x 10cm 
cellulose coated TLC glass plates (EM Laboratories). 
Electrophoresis was performed for 30 min at 500 V 
and chromatography was conducted in the second 
dimension in buffer containing butanol, pyridine, 
acetic acid and water (32:25:5:20). Radiolabelled 
tryptic peptides were visualized by autoradiography 
using Kodak X-Omat XT 2 film. Detection of peptides 
was enhanced by spraying TLC plates with a solution 
of 7% diphenyloxazole in diethyl ether. Proteins 
analysed included: Gardner FeSV P115, (a); Snyder- 
Theilen FeSV P115 (b); a mixture of FeLV Pr65***(") 
and Gardner FeSV P115 (1-5) (c); CCL64 P150 (d); 
KeLU P150 (e); and a mixture of KeLu P1586 (a-j) 
and Gardner FeSV P115 (f). 
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nonspecific in that their presence is variable, and in contrast to 
the five major *°S-methionine labelled peptides, is dependent on 
the species of origin of cells analysed. Analysis of mink and cat 
cellular P150s revealed 10 major **S-methionine labelled 
peptides which seemed very similar by two dimensional analysis 
(Fig. 2d, e). When analysed in a mixing experiment, none of the 
10 *°S-methionine labelled peptides specific to P150 cor- 
responded to the five major “*S-methionine labelled peptides 
present in Gardner FeSV P115 (Fig. 2f). This latter observation 
is consistent with the above described lack of immunological 
cross-reactivity between these two proteins and further argues 
against the possibility that P150 is encoded by cellular sequences 
homologous to those encoding the non-structural component of 
FeSV P115. 

The non-structural components of Gardner and Snyder- 
Theilen FeSV 150,000 M, polyproteins are known to contain 
multiple sites of phosphorylation’. It was thus of interest to 
establish whether the above described 150,000 M, cellular pro- 
teins are also phosphorylated. To examine this possibility, we 
analysed extracts of cells metabolically labelled with *P- 
orthophosphate by immunoprecipitation and SDS-PAGE. As 
shown in Fig. 1, mink cellular P150 was efficiently labelled and 
was immunoprecipitated from mink cells by anti-FeSV P115 
(lane k) but not normal goat serum (lane /), establishing it 
phosphorylated nature. Tryptic peptide analysis of **P-labelle 
P150s from mink and cat cells revealed each to possess 10 to 1 
major well-resolved phosphopeptides. The high degree 
relatedness of the tryptic peptide patterns of the two protei 


further indicates that these proteins are relatively conserv 
(data not shown), 
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Gardner FeSV P115. The polyprotein itself has been shown to 
represent a major substrate for this enzymatic activity. Because 
of the above findings indicating the invariable presence of P150 
in such immunoprecipitates, it was of interest to find whether 
cellular P150s exhibited similar reactivities in the absence of 
FeSV P115. Extracts of FeSV transformed and control mink 
cells were prepared, immune precipitated by anti-FeLV, anti- 
FeSV P115 and normal goat serum and analysed for protein 
kinase activity. Enzymatic reactivities and substrates involved 
were identified by SDS-PAGE. As shown in Fig. 3, both Gard- 
ner FeSV P115 and mink cellular P150 were efficiently labelled 
by this means. Incorporation of phosphate into both P150 and 
FeSV P115 was in the range of 10-20 fmol per min. Even in the 
absence of FeSV P115, efficient labelling of P150 was observed 
(lane e) establishing that in vitro [y-**P]ATP labelling of P150 is 
not dependent on an FeSV P115 associated protein kinase. 
Additional substrates for the P150 associated protein kinase 
included proteins of around 45,000~50,000 molecular weight in 
control and FeSV transformed mink cells and a 40,000 molecu- 
lar weight protein detectable only in control mink cells. The 
significance of these proteins and their relationship to P150 
remain to be determined. 
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Fig. 3 Analysis of Gardner FeSV P115 and mink cellular P150 containing 
immunoprecipitates for protein kinase activity. FeSV transformed (a~c) and 
control (d~f} CCL64 mink cells were disrupted by repeated aspiration of 
1.0 107 cells in 5 ml 10 mM Tris-HCI pH 7.2, 100 mM NaCl, 1 mM EDTA 
and 0.1% Triton X-100 through a 25-gauge needle. Disrupted cells were 
clarified by centrifugation at 2,000 r.p.m. for 10min, preabsorbed by 
addition of 50 ul normal goat serum and 0.5 ml of a 10% (v/v) suspension of 
protein-A Sepharose Cl-4B (Pharmacia), incubated overnight at 4°C and 
reclarified by centrifugation at 100,000 for 2 h. Following addition of 5 yl 
specific antiserum, lysates (1 ml) were incubated at 4 °C for 18 h, 50 yl of a 
10% (v/v) protein-A Sepharose suspension was added and incubation 
continued for a further 2h at 4°C. Immunocomplexes were collected by 
centrifugation for 10 min at 2,000g and washed in PBSTDS. Protein kinase 
activity was assayed by resuspension of immunoprecipitates in 20 mM 
Tris-HCl, pH 7.2, 5 mM MgCl, buffer containing 1 Ci [y-" P]ATP (2000 
CimMol`?, NEN) and incubation for 10min at 30°C. Reactions were 
terminated by addition of 3 mi ice cold PBSTDS and nonprotein-bound [7*P] 
label removed by repeated centrifugation in excess PBSTDS. After the final 
wash, immunoprecipitates were analysed by SDS-PAGE as described in the 
_ legend to Fig. 1. Sera used included goat anti-FeLV (a, d); goat anti-FeSV 
-P115 (b, e) and normal goat (c, f). Molecular weight standards are as 
. described in the legend to Fig. 1. 


Immunoprecipitation of P150 from both normal a FeSV 


transformed cells of various species by the anti-FeSV P115- 


serum used in the present study suggests that P150 is 


incorporated into pseudotype virions in association with FeSV- 


P115 and represents a probable minor contaminant of the 
purified FeSV P115 used as the original immunogen. To test this 
possibility directly, immune precipitates of density-gradient 
purified FeSV(4070-A) and control 4070-A virions were 
analysed for protein kinase activity. As shown in Fig. 4, both 
P150 and FeSV P115 were precipitated from FeSV (4070-A) 
pseudotype virions by anti-FeLV but not by normal goat serum. 


a b c d 





Fig. 4 Association of P150 and FeSV P115 in FeSVi40760-A) pseudatype 

virions. FeSV(4070-A) (a, b) and 4070-A {c, d) virions were purified by 

sucrose density gradient centrifugation, disrupted and analysed. for protein 

kinase activity as described in Fig. 3. Sera used included goat anti-Fel.V p12 

(a, c) and normal goat (b, d}. Molecular weight standards are as described in 
the legend to Fig. 1. 


Both proteins represented efficiently labelled substrates for 
protein kinase activities present in these immune precipitates. 
Proteins of around 40,000-50,000 M, seen in immunoprecipi- 
tates of FeSV transformed and control mink cells were not 
present in immunoprecipitates prepared from FeSV pseudotype 
virus, arguing against the possibility that their presence is 
necessary for the protein kinase activities associated with FeSV 
P115 and P150. 

The present findings establish the expression in mink cells of a 
highly conserved 150,000 molecular weight cellular phos- 
phoprotein with binding affinity for Gardner FeSV P115, 
Although the biological role of this cellular phosphoprotein is 
unknown, its affinity for FeSV P115 may have functional 
significance. P150 and FeSV P115 both represent efficient 
substrates for protein kinase activity present in immunoprecipi- 
tates of FeSV P115. While in vitro [y-**PJATP labelling of mink 
cellular P150 is shown to proceed in the absence of FeSV P115, 
the converse is not necessarily true. Thus, the possibility. that 
P150 possesses intrinsic protein kinase activity and is respon- 
sible for phosphorylation of FeSV P115 must be considered. 
Such a model would be consistent with the affinity that these 
proteins exhibit for each other. The possibility that both P150 
and FeSV P115 possess intrinsic protein kinase activity or 
alternatively, that an as yet undetected cellular protein kinase is 
responsible for phosphorylation of one or more of these proteins 
cannot, however, be excluded. 
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It is of interest to compare the 150,000 molecular weight 
cellular phosphoproteins described above to a protein ofsimilar 
molecular weight recently shown to be expressed in mouse 
thymus and to a lesser extent, spleen and bone marrow cells’. 
This latter protein, designated NCP 150, has not as yet 
been characterized with respect to phosphorylatien and 
protein kinase activity. However, NCP 150 has beer shown 
to share immunological determinants with the non-structural 
component of a 120,000 molecular weight polyprotein encoded 
by Abelson murine leukaemia virus and is apparently encoded 
by normal cellular sequences analogous to acquired cellular 
sequences represented within the AbLV genome. In eontrast, 
on the basis of immunological and structural criteria, the 
150,000 molecular weight cellular protein described in the 
present study is immunologically and structurally unrelated to 
FeSV P115. The possibility that this lack of relatednessas due to 
genetic drift subsequent to acquisition of cellular sequences by 
the FeSV genome seems to be excluded on the basis thai three of 
five *°S-methionine labelled tryptic peptides of Gardner FeSV 
P115 have been found to be represented by analogous peptides 
in Snyder-Theilen FeSV P115. Since the two sarcoma virus 
isolates were derived independently, these three tryptic peptides 
have apparently been conserved and should thus be present in 
feline P150 if the latter protein is encoded by analogous genetic 
sequences. Whether the 150,000 molecular weight cellular 
phosphoproteins described here are immunologically, struc- 
turally or even evolutionarily related to mouse cellular NCP 
150, is not yet clear. 

Evidence that the 115,000 molecular weight polyproteins 
encoded by Gardner and Snyder-Theilen FeSV are involved in 
transformation is increasing. Both are phosphoproteins and 
Gardner FeSV P115 has been shown to exhibit an associated 
protein kinase activity’. In this latter respect, Gardner FeSV 
P115 resembles the well characterized avian sarcoma virus 
transforming protein, pp60™ (refs 12, 13), SV40Ta tigen '*, an 
adenovirus-SV40 hybrid T antigen (D2 protein)'*"° and poly- 
oma middle T antigen*®**. The fact that these polyproteins, 
encoded by independently-acquired cellular sequences, share 
tryptic peptides, argues for the existence within the normal 
cellular genome of a limited number of genetic sequences which, 
on insertion into the type C viral genome, can lead tc malignant 
transformation. The identification of a highly conserved cellular 
phosphoprotein with associated protein kinase activity and 
binding affinity for FeSV P115 may have significance with 
respect to the elucidation of cellular regulation mechanisms 
involved in transformation of eukaryotic cells. 
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Note added in proof: Gardner FeSV P115-associated protein 


kinase specifically phosphorylates tyrosine acceptor sites 
represented both within P115 itself and in cellular P1 50. 
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Since Huxley’ established their bipolar structure, direct ele 
microscopy of A-filaments isolated from vertebrate sk. 
muscle has yielded little further interpretable information © 
the mode of packing of the myosin molecules “ith: 
filament. Using A-filaments prepared from rat psoasanuscle 
have now found it possible to induce clear frayimg of thes. 
filaments into subfilaments, by exposure of the preparation to 
very low ionic strength before contrasting with uranyl arete. 
The number of such filaments observed is generally (anc never 
in excess of) three. Considerations of symmetry suggest tzat the 
formation of these frayed filaments is compatible ealy wih a 
‘three-stranded’ model for the native A-filament, s fincirg in 
agreement with the balance of evidence recently published using 
other techniques’. 

X-ray diffraction and other studies have showm that the 
cross-bridges emerge from the filament shaft in an a>p»oxi- 
mately helical array, with an axial translation of 14.3 mm and 
axial repeat of 43 nm, but the diffraction evidenwe deer not 
indicate with certainty whether the cross-bridge helbeis <-, 3- or 
4-start”’: that is, whether each ‘crown’ of cross-bridges {one 
‘crown’ per 14,3 nm) contains two, three or four suciastrectures. 
If the number of myosin molecules per cross-bridges ope, then 
n (the number of myosin molecules per 14.3 nm af flament 
length) will equal the number of ‘strands’ in the three helical 
models. If there are two myosin molecules per cross-tridge then 
it is virtually certain that n = 4, and the filament is twa-st-aaded. 
Estimates published for n are shown in Table 1. As Sqmis: has 
pointed out’, opinion has tended to favour n = 3, and two recent 
studies’* which determine mass per unit length kave strongly 
supported this value, in contrast to certain other estimits . 

While studying the reconstruction of A-filameats” we have 
used rat psoas muscle rather than the usual rabbit muscl«, and 
electron microscopy of relaxed filament preparations revealed 
that a significant proportion of the A-filaments were ‘frase at 
bit ae gas a enn ha SiN eS ner aaa ce ae 
Table 1. Estimates by various workers for n, the number <f svyosin 
molecules per 14.3-nm repeat in the A-filament of vertebrat akeletal 

muscle 
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Estimated value 











Method forn Ref, 
Inference from observed symmetry 3 Taiework 
(E/M) 
Quantitative SDS-PAGE of myofibrils 3.8+0.5 5 
20 ay 
2.7 21 
| 3.9 22 
Mass per unit length determined by 3.140.2 4 
hydrodynamics | 
Mass per unit length determined by 2.7+0.7 3 
quantitative electron scattering 
Particle counting (E/M) 4,3 
Nucleotide binding to myofibrillar 3.5+0,2 
protein 
Calculation from myosin content and 4 24 


density of A-filaments per unit 
volume of muscle 
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Fig. 1 Electron micro- 
graphs of A-filaments and 
small a-segments (second 
and third rows) in relaxed 
filament preparations 
prepared from rat psoas 
muscle by the method of 
Emes and Rowe*. The 
preparations were rinsed 
on the support grids first 
with 0.12 M KCI and then 
with several drops of dis- 


tilled water before 
contrasting with 
unbuffered 2% uranyl 
acetate. ‘Frayed’ 


filaments of the type 
shown here are routinely 
seen when this procedure 
is followed, both in areas 
where the filaments are 
negatively contrasted (as 
shown) and were positive 
contrasting has occurred. 
top, X114,500; Others, 
x45,000. 


the ends into subfilaments (Fig. 1). We have occasionally 
observed this effect with rabbit A-filaments prepared in iden- 
tical conditions. Filaments that ‘fray’ are indistinguishable in 
length or width (of the ‘non-frayed’ region) from intact filaments 
(Fig. 2); as the proportion that fray varies from preparation to 
preparation, and even from area to area within the same speci- 
men grid, it is unlikely to constitute a genuine subpopulation of 
filaments. The variation presumably arises from exact drying- 
down conditions which are not yet fully controlled. 

More than 800 frayed filaments were photographed, 
measured and examined. In every case only two or three 
subfilaments were present. Where two subfilaments were coun- 
ted one was usually significantly thicker than the other (Fig. 1); 
the thicker one is presumed to comprise two unfrayed 
subfilaments. We never observed an A-filament that frayed into 
more than three subfilaments. Fraying, which commences at the 
distal region, can proceed to any point along the filament axis 


4 


. 
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(Fig. 2) up to a central region ~0.3 um wide. Within experi- 
mental error this corresponds to the innermost stripe of the 
A-segment which stains with impure anti-C-protein (that is, 
stripe 9, following the terminology of Craig and Offer’). 
Although the subfilaments are not smooth and show evidence of 
projections which may be cross-bridges, a clear repeating struc- 
ture has not as yet been demonstrated 

Subfilaments formed only when the preparation on the 
microscope grid was washed with several drops of distilled water 
before contrasting with uranyl acetate. In control experiments, 
preparations made by this technique showed from 32 to 79% of 
frayed filaments in randomly selected areas; however a further 
wash with 0.12 M KCI before contrasting produces almost 
complete reversal of the effect. No significant proportion of 
frayed filaments is found if washing with ammonium formate 
solution (pH 7, J =0.12) is substituted for the distilled water 
wash. The simplest explanation for this phenomenon is that at 








al 


è gè 


de X 
SE eR 


[reer 
tnd 
See} 
Nagrana 
p 
eee 
a 
oe 
flr nnn, 





f ; 
4 E val ae 
t E peg Y l 
i | | I6 | ; 
j i ; 
£ | D | 
2 i | 
4} 4} 
be spot i f: | 
UL 09 LI L3 T0709 Li L3 
Filament width imm} Filament length (am) 


. nre 
1 6y I 
i 
ig | 
f il 
; iii 
i i 
ah H FoF 
n f | ia | 
6} | 
| | | 
2 | : 
! i p -f | pram tb Us 
a ee a a 


Filament length (gam) 


Fig. 2 Statistical analysis of the dimensions of frayed A-filaments 
showing: a, the measured width (x68,700) of the unfrayed central 
region, avoiding the presumed M-line region, as compared with the 
similarly measured width of normal, unfrayed filaments (R) from 
adjacent fields: b, the distribution of the length (from one side of 
the filament to the other) of the unfrayed central region of the 
frayed filaments, with vertical arrows showing (from L to R) the 
distances corresponding respectively to the M-line, stripe 9, stripe 
1 (terminology of Craig and Offer’) and the filament tip: c, the 
length distribution (weight-averaged) of the frayed filaments, this 
being completely comparable to that obtained with normal, 
unfrayed filaments*. Approximately 800 filaments measured. 


low ionic strength the expansion of the electrical double layer 
around the myosin molecules leads to greatly increased repul- 
sive forces'’. An increase in net negative charge on the filaments 
might be expected to have a similar effect, and with synthetic 
filaments made from rat myosin, Pinset-Harstrom and Truffy'' 
show that high concentration of ATP induces a rather poorly 
defined tendency to fray. The whole phenomenon may be 
related to one of the first observations made on myosin, by 
Szent-Györgyi”, who showed that prolonged dialysis of myosin 
solutions at low ionic strength (that is, synthetic filament prep- 
arations) against distilled water yielded clear but viscous solu- 
tions. 

We therefore conclude that the A-filaments from rat psoas 
muscle contain three asymmetric units which appear as 
subfilaments after fraying. Our micrographs give no clear evi- 
dence to suggest that these subfilaments are packed in the intact 
A-filament into other than a simple linear array: certainly any 
large degree of coiling of the subfilaments seems implausible in 
the light of their ability to fray apart and then re-associate whilst 
loosely adsorbed on to a carbon film. Our evidence does not, of 
course, yield a direct estimate for n, but it is entirely compatible 
with 3-start helical models supported by recent measurements 
of mass per unit length of A-filaments*”. 

This finding provides an important constraint on the type of 
molecular model which can be postulated for the A-filament. An 
obvious conclusion is that if the tails of the myosin molecules are 
organized into three subfilaments along the shaft, then all the 
myosin molecules cannot be equivalent at the level of near- 
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neighbour contacts in the main cross-bridge region, and may not 
even be helically packed. This is not, however, a necessary 
conclusion. If the subfilaments arise as a result of fraying, 
initiated (as it seems) from the tip region, then detailed model- 
building (A.J.R., in preparation) shows that a model which will 
fray into three subfilaments can be devised, which conserves the 
conventionally made assumptions regarding equivalence and 
helical packing. 

The finding of 3-fold physical symmetry in the A-filament is 
consistent with data such as the near-triangular appearance of 
the shaft in cross-sections'*; however, no currently published . 
model immediately suggests the fraying into three subfilaments 
now observed. The model of Pepe'*''* packs the myosin tails into 
linear array, but it is two-stranded with respect to the cross- 
bridge lattice and hence unlikely to fray into three subfilaments. 
Moreover, recent evidence’® casts doubt on the existence of the 
myosin dimer as a kinetic unit, almost certainly an essential 
feature of a two-stranded, two myosin/cross-bridge model. 
Squire’s model, like that of Wray’? for crustacean thick 
filaments, could only fray into subfilaments with pronounced 
coiling. The finding of Davey and Graafhuis’” of three highly 
coiled subfilaments after tryptic digestion has been shown 
(A.J.R. and M.C.M., in preparation) to be an artefact of trypsin 
incubation. We conclude that a thorough re-examination of 
possible models for A-filament structure is now necessary, in 
which long-held but never fully proved assumptions as to the 
equivalence and helical packing of the molecular packing units 
may be called into question. 

This work was supported by an MRC grant. 
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The yeast transposon Ty{ generates 
duplications of target DNA on insertion 


Jürg Gafner & Peter Philippsen 


Microbiology Department, Biozentrum, University of Basel, 
Klingelbergstrasse 70, CH-4056 Basel, Switzerland 
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Genetic elements which can transpose into different 
chromosomal sites causing modulation of gene expression have 
been found in maize’ and several other organisms’. Most 
intensively characterized are those in enterobacteria: the 
insertion sequences, short DNA segments with probably no 
coding information, the transposable drug-resistance genes and 
the phage Mu (refs 2-4). The molecular details of transpositions 
in bacteria are under investigation; important results are the 
duplication of short target sequences at the integration site™"* 
and the identification of a transposase protein’*'’. The yeast 
transposable element Ty/ is present in about 35 copies per 
genome; it is 5,600 nucleotide pairs long with terminal direct 
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repeats of 300 nucleotide pairs and is able to integrate into new 
chromosomal sites. The resemblance of this yeast element to 
mobile elements in Drosophila melanogaster’*”’ is striking. The 
best characterized element, called copia, is present in about 30 
copies in the Drosophila genome’**’ and can integrate into 
many sites”, in some cases as part of a large transposable 
segment*’. Another remarkable structural resemblance exists 
with the proviral DNA of retrovirus, which can insert into 
different chromosomal sites, as found in avian sarcoma virus 
transformed rat cells**. We focus here on the DNA sequence at 
the termini of element Ty/ (ref. 18). Our sequence data show 
that transposition in yeast and bacteria have several features in 
common, such as integration into different sites without any 
apparent sequence specificity and duplication of five nucleotide 
pairs of target DNA at the integration site. In addition, we find 
that the terminal repeats in two Ty elements consist of identical 
338 nucleotide pairs. 

The upper part of Fig. 1 shows the basic structure of Ty/ as 
deduced from heteroduplex experiments with cloned yeast 
DNA"; the 300 nucleotide pair repeats, called ô, flank a 5,000- 
nucleotide transcribed sequence which we call e. Short 
sequences with homologies to the 6 sequences at the Ty/ 
termini were also found frequently alone in the chromosomal 
DNA". These so-called solo & sequences show up to 15% 
sequence divergence as determined by DNA sequence analyses 
in our early experiments (J. G., unpublished). Determination of 
whether the ô sequences at the Ty/ termini also show some 
divergence or whether they are identical should clarify the 
problem of whether the synthesis of both termini is guided by 
one template or not. The integrated DNA of retroviruses, for 
example, probably has identical termini of several hundred 
nucleotides, as concluded from the known sequence arrange- 
ment of the template, the retrovirus RNA**. On the other hand, 
the direct or inverted terminal repeats of bacterial transposons 
need not be identical according to plausible transposition 
mechanisms****. In other words, the two termini need not 
originate from the same template in the transposition event. 

Two separate Ty/ elements were investigated: Ty1-B10, 
located to the left of the Sup4 locus on chromosome X in strain 
B596, and Ty/-D15 of unknown but different location in strain 
D585-11C (ref. 18). Cloned restriction fragments containing the 
Tył termini were sequenced according to the Maxam and 
Gilbert protocol?” and the strategy for this analysis is outlined in 
Fig. 1. The reading of the sequence gels reveals identical 6 
sequences of 338 nucleotide pairs at the four termini. Figure 2 
shows part of the autoradiograms for the left terminus of 
Ty1-D15 and Fig. 3 gives the actual sequences with the identical 
parts written only once. 

A single ô sequence does not show any immediately obvious 
coding or structural information. It contains 15 start codons and 
several octanucleotides similar to the sequence 5'- 
TATAAATA, which are common to eukaryotic promoter 


Fig. 1 Structure of Ty/ and strategy of DNA 
sequence analysis. The general structure of an 
integrated Ty/ is shown in the upper part 
(chromosomal DNA, double line; 6 sequences, 
thick black arrows; e sequence, dotted line). The 6 
sequences of Ty/-B10 and Ty/-D15 and of some 
adjoining DNA were sequenced according to 
Maxam and Gilbert*’. The arrows mark the length 
and direction of sequences determined in restriction 
fragments which were labelled at their 3’ ends and 
also sometimes at their 5' ends. Xhol (@). Taql (O), 
Hinf1 (V), Bgill (A) and Hpall (O) restriction sites 
are indicated. Because of the sequence identity of 
the four 6 sequences we did not determine in all four 
cases the sequence of both DNA strands. 





















regions’; but the ô sequence also contains 53 stop codons i 
reading frames and -he longest possible translation proc 
coded by a & sequence would consist of 42 amino ac 
However, there is an open reading frame running out of t 
sequence starting at nucleotides 41-39 in the lower strand ( 
3). Asearch for structural features revealed some short inve 
repeats up to 13 nucleotides long (Fig. 3), but these were 
located at the ends. Terminal short inverted repeats have be 
found in bacterial tramsposable elements and are probably 
functional importance*”’”. 

Work on several other Ty/ elements is in progress. We ha 
seen some divergence from the 5 sequence in Fig. 3, but t 
alterations appear in both ends. It is possible that, desp 
variations among different Ty/ elements, both termini a 
always identical. 

Transposition events in bacteria create duplications of sho 
sequences of target DNA at the integration sites which are the 
flanking the transposed DNA. DNA sequence analysis shov 
clearly that the number of the duplicated nucleotides, but no 
the sequence itself, is specific for a given transposable element: 5 
nucleotides for IS2, Tn3 and Mu''“*, 9 nucleotides for [S/ 
Tn9, Tn10 and Tn903 (sefs 5-10) and 11 or 12 nucleotides for 
IS4 (ref. 15). Analysis of the sequences surrounding the yeast 
transposable element shows direct repeats of 5 nucleotide 
flanking the Ty/: 5'-GAAAC in the case of Ty1-B10 and 
5'-ATTTT for Ty/-D15 (Fig. 4). For the first case it was 
demonstrated that these repeats originate from a duplication. 
As mentioned above, the Ty/-B10 is located to the left of the - 
Sup4 locus on chromosome X. Cloned DNA from this locus of 
strain S288C, which lacks the Ty! at this position’, was 
analysed. The sequences surrounding the Ty! -B10 were found 
with the 5’-GAAAC present only once (Fig. 4). 

It is unlikely that the pentanucleotide which becomes dupli- 
cated is a recognition sequence for Ty/ integration, because this 
pentanucleotide is different for Ty]-B10 and Ty/-D15. (A 
third case shows a 5'-GAGAA adjacent to Ty/; P.P., unpub- | 
lished.) Looking for possible recognition characteristics or 
preferable sites of Ty/ insertions, we only note that the 30 
nucleotides on either side of each Ty/ examined consist of 70% 
or more A + T pairs (Fig. 4). A preference for A+ T-rich regions 
is also found for the bacterial IS/ transposition*’. 

Both Ty/ elements analysed here also have direct 5-nucleo- 
tide repeats (5’-TACCA) at the junctions between the ô and e 
segment (Fig. 4). These internal repeats might have functional 
significance although such iaternal duplications at comparable 
locations have not been observed in bacterial transposons. 

The solo 6 sequences mentioned above probably mark former 
sites of Ty/ elements which were deleted by homologous 
recombination between the termini, leaving one 5 sequence 
behind. Such deletion processes are known in bacteria for A 
phages carrying the chloramphenicol transposon Tn9, which has 
direct repeated IS/ termini; tre deletion generates A phage with 
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GACTAQ AC TT CAG 


1.2 Autoradiograms of sequence gels (left part of Ty1-D15, Fig. 1). Left, two 18% gels showing the sequence from the Xhol site towards the chromosomal DNA 
d towards the centre of the 6 sequence, respectively. Right, 8% gel showing the sequence from the end of the ô sequence towards the Xhol site. Electrophoresis of 
the DNA in the left, middle and right tracks in the 8% gel continued for 8, 12 and 4 h, respectively. 


ngle IS7 sequence”. The observed sequence divergence 
ng solo 6 sequences (base differences and small deletions) 
probably reflects either random mutations after the Ty/ 
tion, the terminal heterogeneity among different Ty/, or 
1. Clearly, the solo 6 sequences are potential targets for a 
Ty/ integration if homologous recombination is involved. 
omparable process in bacteria is the homologous recom- 
ition between two IS] sequences from different replicons 
ch creates trapsposable sequences flanked by two direct 
sated IS/°*'. An interesting result concerning the question of 
nilar mechanism for Ty/ insertion comes from the analysis 
he target sequence for Ty/-B10. 








As presented above, the sequences to left and right of Ty/- 
B10 are identical to the continuous sequence of the same 
chromosomal site in strain S288C, which lacks the Ty/-B10, 
except for the duplicated pentanucleotide. By reading the 
S288C sequence (upper line, Fig. 4) in the inverse orientation, 
one recognizes the central part of a 6 sequence (nucleotides 
237-119 of Fig. 3 with point mutations and a deletion of 
nucleotides 175-179). By sequencing several hundred addi- 
tional nucleotides on both sides of the S288C sequence and the 
Ty1-B10, we confirmed the Ty/-B10 transposition into the 
middle of a solo ô sequence but one inverted relative to the ô 
sequence termini of Ty/-B10. This rules out the necessity of a 
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Fig. 3 Nucleotide sequences at the left and right termini of Ty /-B10 and Ty1-D15. The & sequence of the four termini is written only orice. The left termini start 
with a stretch of 20 nucleotides of the adjoining chromosomal DNA and continue at the end of the 8 segue Onucleotides of z DNA. The right termini start 
with 20 nucleotides of € DNA and continue at the 8 sequence end with 20 nucleotides of the adjoining: osomal DNA. The three octanucleatides in the 4 
sequence which are very similar to the ‘Hogness box’ (5’-TATAAATA)}, common to eukaryotic promoter: 28 are marked with a thick bar. Five other similar 
octanucleotides start at nucleotides 67 and 199 in the upper strand and at nucleotides 70, 143 and 171 in the lower strand, The longest open reading frame in the 6 
sequence consists of 42 codons (nucleotides 171-296 in the upper strand). One tandem repeat of 10 nucleotides and one inverted repeat of 13 nucleotides are 
indicated. The terminal sequence 5’-CCAACA appears inverted close to the beginning of the ô sequence (nucleotides 33-28). The adenosine phosphate at position 
188 was difficult to read because of a very weak A signal at this position. The sequence of the opposite strand clearly showed a T at position 188. This was confirmed by 
cleavage with Sau3A restriction endonuclease. A poly-adenylation sequence is-present at nucleotides 332-327. 







OTCNCANGTAGAGGANGCTCAAATCRAGGATTGATAATCTANTAGGATANTGAA TATAAAACGGAATAGAATAATOGTARTATDAGTBOAEAGAGATRARGATTC 
CAGTAGCTICAATCTCCTTCGACTTTACGTTCCTAACTATTACATTATCCTATTAL | | | GIATATTTTGCCTTACTCCTTATTAGCATTATAR SCATATATCTCT! 


_ AGGATTGATAATGTAATAGGATAATGAAA(TGAGATATATGTGGGTAATT ~~Ty 1-B10-- AGTGGATTITTATTCCAACAGD Marn 'ATA 
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Fig. 4 Five nucleotide pairs duplication at 6 sequence junctions. The first and second DNA sequences repeat nt the same region left of the Sup4 locus in strain 

S288C (no Ty 1 inserted) and B596 (Ty 1 -B10 inserted), respectively. The relationship between the S288C and the B596 strain is unknown, The SZ88C sequence was Si 

obtained from both strands of a 130 nucleotide Taqi sequence. The third sequence shows the junction between the S termini of Tyl -D1S and chromosomal DNA. 
The fourth sequence describes the internal Ty7 junctions between 6 and e DNA. 


sequence homology between the Ty/ termini and the target TAAAC (nucleotides 182-173 of Fig, 3} Possibly, this 
DNA for Ty1 transposition. This is consistent with most of the sequence alteration made the A+ T-rich region in the solo 8 
sequence data from the insertion sites of bacterial transposons, sequence more receptive for a Ty] transposition. | 
although sequence homology might be involved in Tn3 trans- Our sequence data allow a comparison between an cukaryotic 
position in the site selection but not the insertion process” transposable element and the bacterial transposons on a mole- 
It is unclear whether the 5-nucleotide deletion in the S288C cular level. Shared features are the terminal repetition within 
sequence as compared with the inverted ô sequence of Fig. 3 is the element, the duplication of target sequemces at the sites of 
of ‘any importance for the transposition. This deletion creates insertion and the lack of homologous recombination in the 
he 5'-GAAAC, the actual site of integration for Ty1-B10 (Fig. transposition process. We also noted some dissimilarities; the 8 
: 4). The sequence without the deletion reads 5’-GAATA- sequences at the Ty termini lack inverted repeats at their ends 
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the 5-nucleotide internal duplication at the d-e juncture 
Tyl is not found at comparable positions in bacterial 
masposons. When compared with higher eukaryotes, Ty 
e shows certain similarities with the proviral DNA of 
roviruses, such as the direct repetition of probably identical 
guences of several hundred nucleotides at the two ends 
d the insertion into different chromosomal sites. As 
» learn more about eukaryotic transposable elements we 
ay find universal features for DNA transposition processes 
a nature, although the various elements will surely have 
wdividual characteristics. 
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Transcriptional control of two 
gene subclusters in the tRNA 
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In bacteriophage T4 DNA, transcription units recognized in 
vitro by host RNA polymerase consist of promotor-proximal 
‘immediate early’ (IE) genes and promotor-distal ‘delayed 
early’ (DE) genes separated from each other by p-dependent 
transcription terminators’. In vivo, the transition from IE to DE 
transcription requires phage-specific protein synthesis and can 
be prevented by chloramphenicol (CAM)°. Most of the 
information about IE/DE transition has been obtained by 
hybridization analyses of mixtures of RNA species synthesized 
simultaneously on several T4 transcription units (for review see 
ref. 3). A useful model for the study of T4 gene expression at the 
level of primary transcripts and individual gene products is 
provided by the T4 tRNA operon, a cluster of genes coding for 
eight T4-specific transfer RNAs and two stable RNAs (species 1 
and 2) of unknown function (Fig. 1). The 10 genes of the tRNA 
operon are arranged in two subclusters (I and II) with a promo- 
tor located about 1 kilobase pair upstream**. The primary 
transcripts and the final gene products of this region have been 
identified and isolated®’. Moreover, this genetic region was 
recently cloned and a part of it sequenced”. We describe here 
the expression of T4 tRNA genes in vivo and in vitro in terms of 
the IE/DE concept and demonstrate that the two subclusters of 
the tRNA operon are subject to different modes of control. 
The transcription of individual tRNA genes in vitro can be 
monitored by digesting the total synthesized RNA with 
nucleases present? in the 100,000g supernatant (8-100) of 
Escherichia coli and analysing the stable products by gel elec- 





* Present address: Max-Planck-Institute for Biochemistry, Martinsreid bei Munchen, FRG. 





trophoresis’. Figure 2 shows the S-100 digestion products of 
RNA synthesized in the presence and'in the absence of p-factor. 
As templates for transcription in this experiment we used wild- 
type T4 DNA (lanes 1, 2) or DNA with deletions in the tRNA 
operon (lanes 3-6), the map locations of which are shown in Fig. 
1. The digestion products migrating in the 4S region of lanes 1 
and 2 (Fig. 2a) were analysed by a second-dimension elec- 
trophoresis (Fig. 2b). One can see that factor p prevents the 
transcription of genes coding for tRNA“ and RNA species 1 
and 2 from the wild-type DNA. However, in the presence of p, 
these genes are expressed from DNA containing deletion A119, 
and species 1 RNA is synthesized in the case of deletion 427. 


The addition of p does not block the expression of genes of 


subcluster I. These results can only be explained by assuming the 
existence of a p-dependent transcription terminator in DNA 
between subclusters I and H of the tRNA operon. The absence 
of p-effect in the case of deletions A119 and A27 seems to be due 
to the removal of this site from DNA by the deletions. 
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Fig. 1 T4tRNA operon (modified from refs 4, 5, 7, 13). Land H, 

the two subclusters of stable RNA genes. The distance between 

promotor (P) and terminator (T) is about 3,000 base pairs. Lower _ 
bars represent deletions used in the present work. | 


The effect of p on the transcription of tRNA genes was further 
analysed at the level of primary transcripts. Elsewhere’ we have 
studied the in vitro transcription of this region at high ionic 
strength when p-factor is not active and demonstrated that the 
major transcript of the wild-type tRNA operon is a 3.0-kilobase 
long RNA molecule (RNA species Aw) which contains all 10 
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Fig.2 Autoradiograms showing stable RNAs synthesized in vitro 
in the presence and absence of p-factor. DNA (10 yg) from wild- 
type (WT) T4 or psu, deletion mutants A119 and A27 were 
transcribed by 4 ug RNA polymerase in 100-1 reaction mixtures 
containing 40 mM Tris-HCI pH 7.9, 10mM MgCl, 7mM 2- 
mercaptoethanol, 50 mM KCI, 0.25 mM each of ATP, GTP and 
UTP and 0.08 mM [a-*’P]CTP (1 Ci mmol™', Amersham); 4 ug of 
p-factor were added where indicated. After 15 min incubation at 
37°C, 5g ml rifampicin was added and incubation continued 
for 10 min followed by addition of 10 ug DNase 1 (RNase-free, 
Worthington). After 10 min incubation the samples were depro- 
teinized with phenol, RNA precipitated with ethanol, dried, dis- 
solved and digested with 5 mg ml” 100,000g supernatant fraction 
of E. coli (S-100) for 2h at 37°C. The digestion products, after 
phenol deproteinization and ethanol precipitation, were separated 
by electrophoresis in acrylamide gels containing 6.6 M urea. The 
isolation of RNA polymerase and DNA, preparation of S-100, 
conditions of S-100 digestion and gel electrophoresis and 
identification of digestion products were as described elsewhere’. 
Factor p was purified according to ref. 14. a, Separation of S-100 
digestion products in 10% acrylamide gel. b, Two-dimensional 
separation of 4S wild-type products. The 4S regions of lanes 1 and 
2 of gel a were cut out and applied to 20% acrylamide gel slabs for 
the second-dimension electrophoresis. 


genes of the operon and is terminated about 0.3 kilobases 
downstream from subcluster II. It was also shown that deletions 
427 and A119 result in the synthesis of new deletion-specific 
transcripts A, and A,,9 which are initiated and terminated at 
the same sites as the wild-type transcript A,, (ref. 7). We now 
find (Fig. 3) that at low salt concentrations, transcripts Aw, A27 
and Ai are still synthesized on their respective DNA 
templates. The addition of p-factor results in the disappearance 
of the wild-type transcript A,, whereas the two deletion-specific 
transcripts are still synthesized. This confirms the above 
conclusion about p-dependent termination of transcription 
between the two subclusters of tRNA operon. 
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On the basis of these observations one can expect that € 
genes of subcluster H would not be transcribed in vivo in t 
absence of phage-specific protein synthesis. Accordingly, 
analysed the formation of phage-specific stable RNA in ce 
infected in the presence of CAM (Fig, 4). In this experiment © 
compared RNAs induced by wild-type phage (lanes 2, 4) a 
deletion mutant psu, 4119 (lanes 3, 5) in the presence (lanes 
5) and absence (lanes 2, 3) of CAM. Note that in the presence 
CAM host transcription is not completely shut off by bacterie 
phage and the continued synthesis of bacterial tRNA gives 
high background. Nevertheless, the products of subcluster I. 
tRNA*" and species 1 and 2, can be detected. It is clear th 
CAM strongly inhibits tie formation of these three ardelucte in 
the cells infected with wild-type phage. In the case of deletior 
A119, however, the formation of RNA species 1 andtRNA*®* 
CAM resistant. The CAM sensitivity of RNA species 2 can be 
attributed to its degradation in the absence of the product o 
bacteriophage gene mb: the product of this early gene has bee 
shown to be required for the appearance of tRNA, tRNA", 
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Fig. 3 Autoradiogram showing primary transcripts of T4 DNA 
made in the presence and absence of p-factor. DNA of wild-type 
T4 (WT) and deletion mutants psu, A27 and Al 19 was transcribed 
at low (LS, 50 mM KC) and high (HS, 250 mM KCI salt concen- 
trations. Otherwise, the conditians.of transcription were as in Fig. 
2. After the first phenol deproteinization, RNA transcripts were 
precipitated with ethanol, dissoived and separated in composite 
acrylamide—~Agarose SDS gels as described elsewhere’. The 
lengths of RNA species As, Ary-and Aj; are about 3,000, 1,500 
and 750 nucleotides, respectively, a, 6, 2.2% acrylamide~-0.5% 
Agarose gels. c, 2.5% acryiamide-0.5% Agarose gel. 


tRNA" and RNA species 2 in the infected cell'”!', Although, in 
the absence of mb function these RNAs are transcribed and 
probably processed, they cannot be detected in vivo, apparently 
due to their fast degradation. As for t(RNA*"* and RNA species 
1, we conclude that phage-specific protein synthesis is required 
for their transcription from the wild-type template but not from 
DNA with deletion A119. This, as well as the above in vitro 
experiments, demonstrate that the genes of*subcluster TI are 
expressed as DE functions in the wild-type phage and as IE 
functions in psu, A119 (and A27) mutant. 
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ne CAM inhibition of subcluster II transcription can hardly 
explained by the polar effect of nonspecific inhibition of 
wslation® because tRNA genes are not likely to be translated 
all. Rather, one can assume that a phage-specific protein 
ose target sequence is situated between the two subclusters of 
“IA genes is responsible for the transcription of subcluster IT. 
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Fig.4 Autoradicgram showing T4-specific stable RNAs induced 
in E. coli in the presence and absence of CAM. The cells of E. coli 
were infected with wild-type T4 (WT) or deletion mutant 
su; A119 at MOI=10 and labelled with ”P as described else- 
where’, Where indicated, 100 pg ml”? CAM was added to the 
culture 1 min before phage infection. RNA was extracted and 
separated in 10% acrylamide urea gel. Lane 1 shows stable E. coli 
RNAs. 


The existence of a phage-specific product responsible for 
IE/DE transition has been postulated in T4 (ref. 3). Its action 
may be similar to the anti-termination effect of N gene product 
of bacteriophage A (ref. 12). The study of such proteins has 
hitherto been hampered by the absence of suitable assay 
systems. Our results provide a convenient in vitro system for the 
search and analysis of the factors responsible for IE/DE tran- 
sition. 
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It is generally accepted’ that there are six major groups of 
living primates: (1) lemurs (including all the primates of 
Madagascar), (2) lorises (including galago and potto), (3) 
tarsiers, (4) New World monkeys, (5) Old World monkeys and 
(6) apes (including man). Tree shrews, once considered to be 
primates, are now generally recognized’ as not significantly 
more closely related to the six groups than other mammals. The 
first surviving primate lines to diverge from the common primate 
ancestor are believed to have given rise to one or more of the 
first three groups. However, the fossil record is insufficient to 
determine their relative branching order’. Furthermore, neither 
morphological considerations’*”’ nor studies of protein evolu- 
tion*’ produce unanimity as to whether tarsiers are more closely 
related to the prosimians (the lemurs plus lorises) or the simians 
(the monkeys and apes). In an attempt to resolve these dis- 
crepancies, we have measured the DNA sequence difference 
between several primates. We report here that the evolution of 
DNA of primates from Madagascar is significantly less than that 
of all other groups of living primates. This is not expected in the 
simplest form of the theory of neutral selection and may be 
important for our understanding of evolution at the molecular 
level. 

To measure genetic differences between the various primates 
as directly as possible, we followed Kohne et al.'° in using the 
sequences which are present in a frequency of one copy per 
haploid genome, commonly referred to as single copy DNA. As 
the single copy fraction amounts to approximately half the DNA 
in the genome, the evolutionary fluctuations which can occur 
within a single gene are thoroughly averaged out. To determine 
the branching order in the early evolutionary history of the 
primates, we divide the living primates into four groups: lemurs, 
lorises, tarsiers and simians—New World plus Old World 
monkeys and apes. Our experiment consists of preparing ‘**I- 
labelled single copy DNA from a representative species of each 
of the four groups, hybridizing each labelled DNA to the 
unlabelled total DNA of two to four members of each group in 
conditions such that each labelled DNA molecule hybridizes to 
an unlabelled molecule, and measuring the sequence divergence 
between the two species of DNA by measuring the melting 
temperature of the hybrid molecules. From experiments with 
various model systems, we can expect a 1 °C decrease in melting 
temperature for each ~1% nucleotide difference'’. Thus, what 
we measure is the accumulation of single base mutations in the 
two lineages since their divergence. We expect that these accu- 
mulated mutations account for the bulk of the evolutionary 
difference between the species. We will not, however, measure 
any additions to, deletions from or rearrangements of the DNA. 
Thus, we may not detect some of the changes in gene regulation 
which would be expected to be relatively rare but evolutionarily 
quite significant'*"'*. 

Our results are shown in the form of melting curves (Fig. 1). 
From these it is clear that with labelled DNA from the simian, 
loris or tarsier groups, the most closely related DNAs are always 
from the lemur group. The only explanations for this are that 
either the data are defective or the lemurs have diverged 
substantially more slowly than the other groups. As the melting 
curves for all the DNAs within a single group are nearly identical 
when hybridized with '*°I-DNA from another group, the only 
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possible defect would be one which simultaneously affects all the 
DNAs of a single group. This would require either the degrada- 
tion of all the DNAs within one group or the presence of an 
impurity in some of the groups of DNAs that affects the stability 
of hybrids with some but not ail of the other groups. The fact that 
all the homologous melting curves are nearly identical demon- 
strates that the DNAs of all four groups are comparable. When, 

as a further test, separate extractions (obtained from B. Hoyer) 
of DNAs from Lemur catta and tarsier were compared with 
those used for Fig. 1, identical results were obtained. Thus, we 
believe that the data can only be accounted for by the hypothesis 
that the lemur DNA has evolved more slowly than the other 
primate DNAs. 

To construct a phylogenetic tree consistent with the data we 
must consider Fig. 1 quantitatively. If we define the hybridizable 
fraction of a given labelled DNA as the fraction which hybridizes 
to the homologous DNA, the data of Fig. 1 show that only 
50-70% of the hybridizable DNA actually hybridizes to DNAs 
from other groups. The most reasonable explanation of this 
reduced hybridization is that a portion of the hybridizable 
sequences have diverged so much between the two groups that 
they are not able to form stable hybrids at the hybridization 
temperature. We can take these sequences into account if we use 
the melting temperature of the potentially hybridizable 
sequences rather than those which actually hybridize'’. We 
therefore characterize each melting curve with the temperature 
(TsoH) at which 50% of the hybridizable sequences are bound to 
hydroxyapatite. These values are presented in Table 1. We then 
convert the measured TsoH values to the actual number of 
nucleotide substitutions which have occurred since the diver- 
gence of the two species. There is some uncertainty in this 
conversion as results from different model systems vary over 
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Fig. 1 Melting curves of hybrid DNA molecules formed 
‘between '**I-labelled single copy DNAs and unlabelled cellular 
DNAs. DNAs were iodinated to a specific activity of 3 x 10’ ¢.p.m. 

per ug by a modification of the procedure of Chan et al’? 

hybridized to a Cot of 200 and fractionated on hydroxyapatite at 
45 °C in 0.14 M phosphate buffer (PB, sodium phosphate, pH 6.8). 
The single copy fraction, that is, the fraction which did not bind, 
was then fractionated by electrophoresis on an alkaline 2% agarose 
gel and the portion between 200 and 1,200 nucleotides was used 
for the hybridizations. 100 yg of cellular DNA was hybridized with 
about 2,000 c.p.m. of labelled DNA in 1.0 M PB at 60°C toa Cot 
of 22,000, the hybrid was bound to hydroxyapatite in 0.14 M PB 
plus 0. 02% SLS at 45°C and eluted in 5°C steps as described 
elsewhere’. The cellular DNAs are: A, human; A, baboon; V, 

spider monkey: +, tarsier; V, galago; C, slow loris; W, slender loris; 
O, L. catta; @, L. mongoz; x, pig or mouse. The labelled DNAs 

are: a, human; b, tarsier; c, galago; d, L. mongoz. 
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Fig. 2 Phylogenetic tree for the primates derives 
copy DNA sequence divergences, The numberof: 
substitutions since the divergence of the lincages as obt 
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1.5-0.7°C in melting temperature reduction per per cent 
nucleotide difference. We will assume the intermediate value of 
1.0°C in our calculations. However, choice of any conversion 
factor within the above range does not significantly affect the 
relative amounts of change along the different branches. An 
additional correction must be made because the degree of 
sequence divergence in our measurements is sufficiently great 
for the probability of multiple changes at the same site to be 
appreciable. Assuming only that a given base can mutate to any 
other base with equal probability, statistical corrections'* can be 
made (see Table 2) and, as we are comparing about 10° nucleo- 
tides, the corrected values should reflect the actual number of 
base substitutions quite accurately. Once this correction is 





Table 1 Sequence divergence as measured by reduction of hybrid 
melting temperature 
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Unlabelled DNA Labelled single copy DNA 
Human Tarsier Galago L. mongoz 

Human 0 24.6 29.3 23.4 
Baboon 6.9 a 27.8 25.1 
Spider monkey 11.2 26.4 30.7 24,5 
Tarsier 26.2 0 30.2 26.9 
Galago 26.7 30.1 0 22.1 
Slow loris 27.6 ~ TES 23.0 
Slender loris 28.6 28.6 i1.3 23.1 
L. catta 22.6 24.6 22.4 6.0 
L. mongoz 21.2 24.6 22.0 0 





The Ts 9H for each melting curve in Fig. 1 and for other melting curves 
which are not shown was determined as described in the text. The 
reduction in TsoH compared with the hom is DNA was averaged 
and this average is tabulated. The homo values are 78.8~ 
81.3, 78.1, 78.8-80.7 and 79.5-81.1°C for an, tarsier, galago and 
lemur DNAs, respectively. The values for arable pairs of DNAs 
are very close to those reported by Kohne, Chiscon and Hoyer’. The 
reciprocal values (for example, the divergence between human and 
tarsier as measured with either labelled tarsier or labelled human 
DNAs) are in general but not precise agreement. This diference prob- 
ably results from the various labelled single copy DNAs not being 
precisely equivalent in sequence composition. 
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bie 2 Difference matrix in terms of per cent actual nucleotide 


substitutions 
Unlabelled DNAs 
averaged within Labelled single copy DNA 
groups Simian Tarsier Loris Lemur 
mian 0 32.0 38.2 30.1 
arster 33.0 0 39.7 34.3 
OFS 35.2 38.2 0 28.1 
mur 26.6 30.6 27.1 0) 





The values of ATsoH from Table 1 were averaged over the various 
alabelled DNAs within a taxonomic group and were converted to per 
zent actual nucleotide substitutions. The conversion assumes that 1 °C in 
ATscH equals 1% sequence difference and that any given base can 
mutate to any other base with equal probability. The use of 
Holmquist’s'* equation (20) then corrects for multiple changes at a 
particular site in one lineage and for changes at the same site in both 
lineages. 


made, it is clear that the total number of base substitutions along 
individual lineages should be additive. We can then use the six 
pairwise differences between the four primate groups to deter- 
mine distances along each branch of the tree. 

The only tree consistent with the data but without substan- 
tially negative branch lengths places the loris and lemur groups 
at one branch point separated by about 4% base substitution 
from the branch point between tarsiers and simians. It is not, 
however, possible to determine the location of the branch point 
for the divergence from the common primate ancestor without 
data which include a more distant DNA. We have therefore used 
single copy tree shrew (Tupaia glis) DNA which is so distant that 
we cannot directly measure ATH. We can, however, measure 
ATH values of 24.8, 26.8 and 28.0°C for lemur, simian and 
loris groups, respectively. As Fig. 1 indicates that A7Ts,>9H = 
1.18 x AT.;H, we can extrapolate to obtain approximate AT;9H 
values of 29.3, 31.6 and 33.0°C. When combined with the 
branch lengths derived in Fig. 2, these values indicate that the 
common ancestor branch point is located between the lemur- 
loris branch point and the simian-tarsier branch point. This 
position is consistent with both protein phylogenetic trees*”. 
The full branching diagram can then be drawn as shown in Fig. 2. 
With the exception of the length of the lemur and simian 
branches, the tree is qualitatively quite similar to that of Dene ef 
al.*. In particular, the first branching is that of the lemur-loris 
ancestor from the tarsier—simian ancestor, followed shortly after 
by further splitting in both these branches to give rise to the four 
separate groups. The slight shortening of the simian branch 
relative to the loris and tarsier branches may reflect the fact that 
simian generation times are two to four times greater than those 
of prosimians, Whether the extent of molecular evolution 
depends strictly on time or on the number of generations 
remains unclear'’'°. The present data seem to support the 
latter hypothesis. However, the observation that lorises and 
tarsiers are approximately equidistant from the common pri- 
mate ancestor whereas lemurs are nearly twice as close must 
have a different explanation because all three groups have 
comparable generation times. We believe that this result consti- 
tutes the first case in which a phylogenetic tree constructed using 
single copy DNA has branches of substantially unequal lengths. 

As the Lemur mongoz and L. catta DNAs represent only one 
genus within the broader lemur group, the question arises as to 
how widespread the reduced divergence is within the lemur 
group as a whole. We have therefore tested the DNA from three 
additional genera of Malagasy primates, Microcebus, Cheiro- 
galeus and Propithecus. Except for Daubentonia, the protein 
phylogenies*” place Microcebus and Cheirogaleus as the most 
distant Malagasy relatives of the genus Lemur and place Pro- 
pithecus approximately half as distant from Lemur. Hybridiza- 
tion with various labelled single copy DNAs indicates that the 
Propithecus branch length is the same as for the genus Lemur 
and that the Microcebus and Cheirogaleus branches are only 
slightly longer (that is, 12.5% actual substitution). Thus, 
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reduced divergence rates occur throughout the lemur group. 
Similar evidence can be derived from the protein data of Sarich 
and Cronin’. Of 10 genera of Malagasy primates tested, 7 have 
branch lengths which are 61-83% of the loris group branch 
length. Considering all the evidence it is clear that essentially all 
the primates from Madagascar have had a reduced evolutionary 
rate since their divergence from the lorises. 

Our results demonstrate that lemurs are genetically the 
most primitive of the modern primates in the sense that their 
DNAs most closely resemble that of the common primate 
ancestor. Although lemurs are considered quite primitive 
morphologically’, this is unexpected on a molecular basis. 
Kimura'® has argued that the genetic load imposed by the 
observed rate of DNA divergence is so great that only a few per 
cent of the DNA could be subject to natural selection and that 
most mutations must therefore be of neutral selective value. In 
this case the rate of fixation of base substitutions should be 
proportional to the mutation rate’® and all the branch lengths 
would be expected to be equal, whereas in fact the average rate 
of DNA divergence for lemurs during the 50-70 Myr since their 
divergence from the lorises is approximately half that of the 
other prosimians. The reason for this discrepancy may be either 
that the bulk of the DNA is subject to selection or that the 
mutation rate is reduced for lemurs. The fact that this effect 
occurs for all Malagasy primates and not for their closest rela- 
tives, the lorises, implies that it is either an environmental effect 
or the result of a major genetic change which occurred after the 
divergence of the lemurs from the lorises and before the diver- 
gence of the various lemurs from each other. 

There are three possible solutions. First, the basic premise of 
the theory of neutral selection could be wrong and most of the 
DNA could be subject to selection at the nucleotide level. If this 
is true, it follows that the Malagasy environment has required 
less adaptation than the environments experienced by other 
primates. Alternatively, the Malagasy primates could have a 
reduced mutation rate due to a change in the genes which affect 
the spontaneous mutation rate. This could happen in a some- 
what trivial but strictly neutralist fashion as the result of a 
founder effect. If the lemurs are descended from a small number 
of ancestors which populated Madagascar'’”'’, these individuals 
could have fortuitously represented a rare low mutation rate 
variant which was then perpetuated on Madagascar. In the 
absence of a founder effect, a reduced mutation rate in lemurs 
could also result from selection for an optimum spontaneous 
mutation rate without direct selection on the genome as a whole. 
As in the case of selection on the whole genome, this hypothesis 
would require that there has been a reduced selective pressure 
for change on Madagascar. 

The selection and founder effect hypotheses could be evalu- 
ated by looking for the same effect in other orders of mammals 
present on Madagascar, such as carnivores or rodents. Assuming 
that such experiments do not establish the founder effect hypo- 
thesis, an understanding of the basis for the reduced evolu- 
tionary rate of the primates of Madagascar could resolve the 
question of whether darwinian selection or selective neutrality is 
the major force in molecular evolution. 

We thank Dr Morris Goodman for suggesting these 
measurements, for his continuing help and for some of the 
prosimian tissues, especially the tarsier tissue which was made 
available to him by the Chicago Zoological Society. We also 
thank Dr Bill Hoyer for helpful discussions and for tarsier and L. 
catta DNAs, and the Duke University Center for the Study of 
Primate Biology and History for Propithecus, Cheirogaleus and 
Microcebus tissues. This work is in partial fulfilment of the 
requirements for the Ph.D degree to be submitted to the George 
Washington University by R.H. 


Received 9 January; accepted 1 May 1980. 


t. Charles-Dominique, P. & Martin, R. D. Nature 227, 257-260 (1970), 

2. Martin, R. D. in Recent Advances in Primatology Vol. 3 (eds Chivers, D, S. & Josey, K. A.) 
3-26 (Academic, London, 1978). 

3. Simons, E. L. in Molecular Anthropology, Genes and Proteins in the Evolutionary Ascent of 
the Primates (eds Goodman, M. & Tashian, R. E.) 35-62 (Plenum, New York, 1976}, 


a a eea 






Nature Vol. 286 24 July 1980 





4, Luckett, W. P. in Phylogeny of the Primates (eds Luckett, W. P. & Szalay, F. S.) 157-182 
: {Plenum, New York, 1975), 
. Schwartz, J. H. in Recent Advances in Primatology Vol. 3 (eds Chivers, D. S. & Josey, K. A.) 
os. 195-202 (Academic, London, 1978). 
os 6. Noback, C. R. in Phylogeny of the Primates (eds Luckett, W, P. & Szalay, F. S.) 199-218 
pa Be = -{Plenum, New York, 1975). . 

-F Martin, R. D. Symp. zool. Soc. Lond. 33, 301-337 (1973). 


Ta 


se 8. Dene, H. T, Goodman, M. & Pyrchodko, W. in Molecular Anthropology, Genes and 


`- Proteins in the Evolutionary Ascent of the Primates (eds Goodman, M. & Tashian, R. E.) 
1713195 (Plenum, New York, 1976). 
M Sarich, V, M. & Cronin, J. E. in Molecular Anthropology, Genes and Proteins in the 
`" Evolutionary Ascent of the Primates (eds Coleen: M. $ Tashian, R. E3 141-170 


©" (Plenum, New York, 1976): 
10. Kohne, D. E., Chiscon, J. A. & Hoyer, B. H. J. haa Evol 1, 627-644 (1972), 
11. Bonner, T. L, Brenner, D.S., , Neufeld, B. R. & Britten, R. J. J. molec. Biol. Bi, 123- 135 
LOIS 
“42s King; M.-C. & Wilson, A, C. Science 188, 107-116.(1975). 
itten, R. J, & Davidson, E. H. Q. Rev. Biol. 46, U- 138 (1971). 
Holmquist, R. J. molec. Evol. 1, 115-133 (1972). 
Sarich, V. M.’& Cronin, J. E. Nature 269, 354 (1977), 
16. Kimura, M. Nature 217, 624-626 (1968). 
i Walker, A. in Calibration of Hominoid Evolution leds Bishop, wW. w. & Miller, J. A.) 
“349-272 (Scottish Academic, Edinburgh, 1972). | l 
SB, ‘Martin, R. D; Phil, Trans. R. Soc. B264, 295-352 (1972). E 
1G, Tattersali, 1. Trans. N.Y. Acad: Sei. 38, 314-324 (1973). : 
70: Chan, Hi C. Ruyechan, W T.& Wètmur, J. G. Biochemistry 15, 5487-5490 SEF S 
< Bonner, F. I: & Todaro, G. J. Virology AGB 249-227 (1980). ; fee 



















E Neutron scatiéring | 
os studies of lac repressor 





OM i. Charlier*, J. C. Maurizot* & G. Zaccait 


“Eene de. Biophysique. Moléculaire, 1A, Avenue de la Recherche 


` Scientifique, 45045 Orleans Cedex, France © 
"f Institut Max von Laue-Paul Langevin, Avenue des Martyrs, BP, 156 
Centre de Tri, iag Grenobie Cedex, prance: 





The: b repressor,. a . tetramerie: protein. of identical subunits 
[molecular weight (MW) 4x 38,500}, interacts specifically with 
the lac operator, preventing the expression. of the. structural 
_ genes of the lac operon’”. The presence of an inducer (such as 
- sopropyl-8-D-thiogalactoside; IPTG) which binds to the 
repressor, prevents operator binding by lowering the association 
constant by a factor of 10° (ref. 3). Genetic and biochemical 
“analysis have shown that the major. part—if not all—of the 
binding site for the lac -o opera is located in the 60.N-terminal 
residues of the protein’**. In certain conditions, limited. tryp- 
sinolysis of the protein yields four N-terminal ‘headpieces’ each 
containing 51 or 59 residues, and a tetrameric core with full 
inducer binding activity**. It was shown recently that this 
headpiece is able to bind nucleic acids, and interacts with the lac 





operator’, giving the same pattern of sensitivity with respect to 


~ the methylation of the bases as does the intact repressor’. We 


are studying the interaction of lac repressor with DNA by 


neutron scattering using contrast variation and discuss here 
_ Measurements on the protein, its tryptic core and their 
> complexes with IPTG. Our results demonstrate that the head- 


pieces are located far (67 + 10 A) from the centre of mass of a 


somewhat elongated core, and that the inducer does not 
significantly. change the radius ‘of gyration of the protein. _ 
Guinier plots? of lac repressor and its. tryptic core are shown 
in Fig. 1. Two parameters. were obtained from the Guinier 
plots—a radius of gyration of excess scattering length density, 
Rg, and the scattered intensity extrapolated to zero angle 
(1/C)o, which i is related to the MW and concentration C of the 
particle’. In this case, the MWs of the particles are well known?’ 
and the concentrations were measured by absorption spec- 
trophotometry. These values provided a criterion for each 
measurement of (J/C) , as aggregation or interparticle effects 
_ would lead to misleading observations of both (I/C) and Ro. 
Aggregation was not negligible above concentrations of about 
< Smgml™ and appeared more readily in DO solvents, an 
observation which has also been made in other systems (B. 
Jacrot and G. Zaccai, personal communication). Values of. Rg 
and (I/C) measured in different conditions are shown in Table 
1. The difference between Re in H,O and eis is. exparted 
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Ro HKPD (2 A 


Ro DKPD (A) | 39.0402 34,2402. 
Ro DKPD+IPTG (A) 39.2403 34.2402, 
(I/C) obs. HKPD © 00750 + 0.0050 0.0620 + 0.0010 
(I/C)o calc. 0.0733 0.0608 

| Dmax (A) 115415 100415 


MW and volumes are calculated from the sequence of the protein’? 
using data given in ref. 9. Ro and (I/C) are, respectively, the radius of 
gyration and the scat intensity at 0 angle per mg per ml of protein 
normalized by the incoherent scattering of HO. The values are 
obtained from Guini ots. a Co calculated (calc.) is obtained from 
the formula 


/C)y = Arid 3 <n- TIXIXNa 
xd bIMW~osx Fx R ar x MW 


where T is. the neutron transmission. of 
path length in em, Na the Avogado’ snumber, $ p 
scattering length of the amino acid residues ahs in ref 9), Y the 
partial specific volume, ps the neutron scattering density of water it 
cm Å? and MW the molecular we ght'?. HKPD buffer is 0.2 M potas- 
sium phosphate an Mi dithi: sthreitol, PH 7.25, in HO; DKPD 
buffer is 0.2 M. pat a“ $ iosphate, 0.5 M potassium chloride, 104 M 

Nothreitol, pD? },0. The concentration of inducer IPTG 
(10° M) is large tots © complex ali repressor or core molecules 
(K, = 10° M73), Dai 8 thé maximum dimension of the particle, cal- 
culated from Pomier transform of the scattering curves, 
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rote mass within a similar shape, or a more elongated 
rape. 

By examining the scattering curves at large angles, a ‘scatter- 
ng equivalent’ to the shape of a particle can be deduced. It is a 
imple shape (an ellipsoid or a cylinder of given axial ratios, for 
-xample) whose calculated scattering curve best approximates 
the observed curve. Scattering curves of lac repressor and its 
tryptic core are shown in Fig. 2. Up to Re x Q = 3, the observed 
points fit very well to the curve calculated for a 2:1:1 prolate 
ellipsoid. The shape of compact proteins usually lies between 
that of a sphere and a 2:1:1 prolate ellipsoid. It is likely, 
therefore, that the large observed radius of gyration arises from 
a less compact packing of the subunits. The headpieces must be 
soeated so as not to change significantly the apparent shape of 
the particle. Although the data are poor in that region of Q, the 
shoulders in the scattering curves seem to be higher in D,O 
buffers than in H:O buffers. A similar observation has been 
discussed with respect to the packing of subunits in bacterial 
F,-ATPase'?. These shoulders must arise from a pronounced 
inhomogeneity in the scattering density distribution in the 
particle, probably associated with the packing of the subunits. 
The shoulders cannot be fitted by the scattering curves of 
homogeneous ellipsoids. Their heights as well as the angle at 
which they occur are approximately correct for hollow ellip- 
soids. Because the shoulder is higher in D,O, we can say that the 
inhomogeneity is more pronounced in that solvent, as would be 
the case if there were solvent regions lined with hydrophilic 
amino acid residues ‘within’ the general ellipsoidal shape of the 
particle. 

The maximum dimensions of the particles were deduced from 
the scattering curves in D,O (the data from D20 are better than 
those from H,O solvents because of increased signal-to-back- 
ground ratio) using the characteristic function given in ref. 8: 








Or dQ 


They are 115+15A for lac repressor and 100+ 15 A for its 
tryptic core. OR age Hh 
Assuming no major rearrangement on trypsin digestion, as 
supported by several experiments’*’°, the large Ro of lac 
repressor shows that the headpieces extend outwards from the 
core particle. The distance d between the centre of mass of each 
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Fig. 2 Scattered intensity for large values of Q. Data are plotted 
against Rox Q, to compare directly the shape of normalized 
curves. Circles, diamonds and crosses are experimental values 
obtained for the indicated samples. The continuous line is the 
calculated curve for a prolate. ellipsoid 2:1: 1, according to ref. 8. 
Buffers are described in Table 1 legend. Protein concentrations i 
5 mg mi‘ (rep) and 3.5 mg ml (core) (neutron wavelengths 5 A). 
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headpiece and the centre of mass of the protein can be calculated 
using the relationship (parallel axes theorem) — | 


MRi,=M'R2 +4 mrz,+4 md? 


where M, M’ and m are the masses of the repressor, the tryptic 
core and the headpiece, respectively, and Ro, Ro and ro are 
their respective radii of gyration. The calculation can be made 
for two extreme hypotheses concerning the conformation of the 
headpiece: either a spherical compact headpiece. whose MW 
(6,400) leads to a radius of gyration of 10 A, or an elongated 
ellipsoid with a long axis of 35 A so as to cover half the operator, 
for example'®, leading to rg=16A. From these values, the 
calculated distances between the centre of mass of the protein 
and that of the headpieces are 67.5+10A and 66.5+10A, 
respectively. This calculation seems to be very insensitive to the 
assumed value of the radius of gyration of the headpiece. 
Combining these results with data on the structure of the 
headpieces'’ and its mobility'S’’, a model emerges with the 
headpieces as partly compact bodies at the end of flexible 
sequences attaching them to the core. -- tA ae 
Two models have been proposed for the structure of lac 
repressor, based on packing considerations in microcrystals” 
and electron micrographs*’. Our results do not allow us to 
confirm or reject either of these models. The size given by the 
authors is too uncertain to calculate valid radii of gyration and 
scattering curves (for example, the radii of gyration calculated 
from the extreme values given by Ohshima ef al. are 38.4 and 
45.5 Å)”. The situation of the headpieces at about 68 A from 
the centre of mass implies an outward localization of these parts 
of the protein. Because at least two subunits are necessary to 
bind the operator’”’** and because chemical cross-links between 
two headpieces have been observed”, the headpieces must be 
arranged in pairs. In the elongated model proposed by Steitz et 
al.*’ the headpieces should be located in pairs near the extremi- 
ties of the molecule. In this case, it is probable that the operator 
interacts with one pair of adjacent headpieces located at the 
same extremity of the repressor. In the model proposed by 
Ohshima et al?’ more possibilities of localization exist; 
however, in any case, the headpieces must be located on the 
outside of the proposed volume. In this latter case the head- 
pieces probably do not appear clearly in the electron micro- 
graphs after negative staining. Repressor could bind to the 
operator with the two adjacent interacting headpieces fitting 
perfectly the sequence of bases and the conformational state of 
the DNA. When the inducer is present the relative positions of 
the headpieces might vary in such a way that the positions of the 
interacting residues no longer fit the operator sequence exactly, 
to result in a decrease of three orders of magnitude in the 
association constant with DNA. This movement of the head- 
pieces on IPTG binding might be small as it must not change the 
radius of gyration significantly. On the other hand, it could be 
quite large provided the distance between the headpieces and 
the centre of mass of the particle did not change; such a 
displacement would not change the radius of gyration at all. 
Experiments are in progress to test this model. | | 
We thank C. Hélène and B. Jacrot for encouragement and 
useful discussions, and W. Gilbert for communication of 
unpublished results. Part of this work was supported by the 
Délégation Générale à la Recherche Scientifique et Technique 
(contract 79-7-0150 to J.C.M., ACC Mécanisme de Recon- 
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Teeth from different people differ in their susceptibility to 
caries. The beginning and the development of tooth decay 
depend on the presence of bacterial plaque’ and on the structure 
of the tooth enamel’. But it has not been established whether the 
organic or the inorganic component of the enamel (which is 
comprised principally of hydroxyapatite microcrystals 
organized in a firm matrix), is responsible for most of the 
resistance of teeth to caries. We report here that the electron 
spin resonance (ESR) lines of the CO3” defect of samples of 
enamel prepared from caries-resistant teeth differ significantly 
from the corresponding spectra of the caries-sensitive samples. 
We have traced these differences to the hydroxyapatite micro- 
crystalline alignment in the tooth enamel, and found that this 
alignment is specific to indivduals and is therefore probably 
nutritionally or genetically determined. 

We used samples of enamel 2 x 2 x 1 mm, cut from the human 
maxillary incisors of adults of different sex and age. The outer, 
square face was taken from the buccal tooth surface (insert in 
Fig. 1a). To facilitate comparison, several deciduous teeth were 
also measured and analysed. We had two groups of adult teeth: 
those removed (because of periodontal disease) from people 
with above average resistance to caries (25 samples) and those 
considered to be caries-sensitive because they were grossly 
decayed (26 samples). In the latter case, care was taken to 
prepare ESR samples from areas which were completely 
unaffected by caries. 

All samples were y-ray irradiated at room temperature to a 
final dose of 0.5 Mrad to introduce defects into the enamel. The 
CO" centre was predominant; this arises from electron capture 
by the COZ” radical’, but a weak signal of O` was also observed. 
The lines were assigned by comparison of the irradiated enamel 
ESR spectra with those of synthetic hydroxyapatite. Irradiated 
samples were placed in sealed quartz~glass tubes for measure- 
ment on a Varian E-9 ESR spectrometer. Spectra were recorded 
with the magnetic field perpendicular to the square face of the 
sample and thus also perpendicular to the long axis of the tooth. 
Representative spectra were also recorded from enamel samples 
powdered in a mortar. The spectrometer was operated in the 
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X-band range and only the central part of the spectra’, cor] 
responding to the CO3 centre, was analysed. 4 

The carbonate in the enamel may be contained within thd 
hydroxyapatite lattice or present as a separate phase with coun] 
terions’°. ESR studies of natural carbon-containing apatites 
have, however, shown that the CO3 ESR lines originate from 
the carbonate radicals CO} which replace POI in the apatita 
lattice and are therefore firmly bound to it”. For tooth samples4 
we compared the angular dependence of the ESR lines of the 
CO? and O` defects (the orientation of the latter with respect to 
the crystal axes being well established from other studies ofi 
synthetic hydroxyapatites”’ and thereby obtained further evi- 
dence that the ESR-observable CO7 indeed reflect the order 
within the hydroxyapatite matrix’. E 






a (H) (arbitrary units) 


| 3 

| 

| a fy 

ee, | 

| H 

; ( 

\ | 

i 4a] 

1 oY 

| 

Pea a RE pS MELAN VEE EEA EIEEE EIES ALIA T AA J 
Bea tm pi 

Fig. 1 Measured and simulated COJ centre ESR lines of y-ray 


irradiated adult human incisor enamel. a, The experimental spec- 
tra of representative powdered (1), caries-sensitive (2) and caries- 
resistant (3) teeth; 4, the firstfour calculated ESR spectra FAHI 
i= 1,2,3,4, which correspond to the angular distribution function 
of the CO3” centre preferential axes given by the lowest four 
Legendre polynomials. Insert shows the site on the tooth buccal 
surface from where the samples were cut and their orientation in 
the magnetic field. Scale bars represent 10G. ðs=0°; 
temperature = 22°C, 


The ESR spectra of oriented, cut samples differ from spectra 
of powdered samples (Fig. 1c). As the ESR lines, which arise 
from the paramagnetic centres, mirror internal order within the 
sample, it is possible to deduce the orientational distribution 
function of these centres in the tissue studied. This function is 
correlated with the probability that the molecular axes of the 
observed centres are aligned preferentially in a certain direction 
with respect to the external magnetic field, corresponding to the 
state of the internal order of the system. 

To understand and simulate the ESR spectrum, the energy 
states of the observed spin, which can be calculated from the 
values of the anisotropic hyperfine coupling tensor, as well as the 
lineshape parameters, must be known. In the procedure that we 
have developed” the ESR spectra of powdered enamel have first 
been simulated. A linear combination of the gaussian and 
lorentzian convolution functions’ has been used. The optimal 
parameters have been determined in the standard way by 
minimizing the squared differences between the measured and 
the calculated spectra. Then, the ESR spectra of the cor- 
responding partially ordered specimen have ben simulated: the 
ESR line-determining parameters used were those obtained 
from the simulation of the powdered enamel spectra, and the 
Legendre polynomials’ P(@}, i=1,2,...12 have been 
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assumed to represent the angular distribution function of the 
CO} centres —and therefore of the hydroxyapatite 
microcrystals — in the sample. The angle & was defined with 
respect to the external magnetic field, that is, normal to the 
enamel surface (insert in Fig. 1a). We have calculated a set of the 
spectra S (H) = F; (H, P:(9)), §=1,2,.., 12, (Fig. 1b), which 
have been normalized properly’’ as a basis for the expansion of 
the experimental spectrum of the tooth enamel 3(H) into the 
series 


12 
SH) = Z aH) (1) 
The factors a; in the above sum therefore define the relative 
contributions of the hypothetical samples of known micro- 
crystalline alignment, given by P;(®), in the experimental ESR 
spectrum. This macroscopic sample spectrum is actually a result 
of the overlap of the particular ESR lines corresponding to the 
single hydroxyapatite microcrystals. The factors a; therefore 
also reveal the relative amounts of the Legendre polynomials 
P, (9) used for obtaining ¥,(H) in the actual distribution function 
of these hydroxyapatite microcrystals in the bulk sample P (ə) 
12 


P(d) = 2 a;P(d) (2) 
We conclude that the differences in the CO} centre ESR lines 
of the teeth studied (Fig. 1a), which correlate significantly to 
their resistance to tooth decay’, are a consequence of a higher 
degree of alignment of the hydroxyapatite microcrystals in the 
enamel of the caries-resistant teeth as compared to caries- 
sensitive teeth. 

The electron microscope studies of etched enamel have shown 
that the hydroxyapatite in the human enamel is ordered in well 
defined patterns'*'*. Around the areas of well aligned micro- 
crystals there are zones of lesser microcrystalline order. As yet, 
such studies have only yielded localized information about the 
tooth surface whereas our approach permits conclusions to be 
drawn about the order averaged over the whole sample, and can 
thus be compared with the neutron diffraction studies of apatite 
orientation in bones'*. In this study we have found that the 
hydroxyapatite Order, as revealed by the angular distribution 
function of microcrystals, extends throughout the outer layer of 
the enamel (Fig. 2). In this layer, which acts as the main 
tooth-protecting barrier, the enamel seems to be organized in 
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Fig. 2 The angular distribution 
function of the hydroxyapatite micro- 
crystals within human incisor enamel. 
Their alignment is defined with respect 
to the normal to the tooth surface. The 
points have been obtained by summing 
the values of Legendre polynomials at 
respective angles and weighted by the 
factors æ, defined in equation (1), and 
determined from the simulation of the 
tooth enamel ESR spectra. The curves 
correspond to the caries-resistent (1), 
caries-sensitive (2), milk (3) and 
powdered (4) human teeth. The insert 
presents schematically the arrange- 
ment of the hydroxyapatite micro- 
o o crystals in lockhole-shaped tooth 
enamel prisms which are the basic 
units of the enamel’?. 


90° 


| surface 


such a way that the long axes of microcrystals are on average 
perpendicular to the tooth surface, an arrangement which con- 
fers optimal resistance to the detrimental influences of the oral 
environment (insert in Fig. 2). The more randomly oriented 
microcrystals (which contribute to the flat portion of the dis- 
tribution function, 3 = 45°-90°) would imply little resistance of 
the corresponding regions to caries. However, these areas 
constitute the inner enamel parts and are therefore less 
significant for the overall sensitivity of the tooth to caries: the 
ESR spectra of the consecutive layers of tooth enamel show a 
decrease in alignment of microcrystals with distance from the 
tooth surface’. It may also be significant that milk teeth have a 
poorly organized hydroxyapatite matrix and in this respect 
resemble caries-sensitive teeth. The limited lifetime of milk 
teeth suggests that they need not be very resistant to caries (Fig. 
2). In caries-resistant teeth, however, a larger proportion of the 
microcrystals is well oriented. In the angular distribution 
function this better alignment of hydroxyapatite in the outer 
enamel region is partially screened by the large background of 
more randomly oriented inner parts of bulky samples. 

The alignment of the microcrystals in the hydroxyapatite 
matrix of human tooth enamel of different incisors of the same 
subject are alike*. We therefore conclude that the degree of 
hydroxyapatite microcrystal alignment is an individual property 
which may, for each individual, determine resistance to tooth 
decay. However, it remains to be seen whether nutritional or 
genetic factors, or both, are responsible. 
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BOOK REVIEWS 





Trials of Jewry 


Over the past ten years, the problems 
facing Soviet Jews in general and Soviet 
Jewish scientists In particular have 
frequently been raised in both the general 
and the scientific press. To a large extent, 
however, this has been a matter of Jews 
wishing to emigrate to Israel: Jews, it may 
be argued, who have chosen to opt out of 
the Soviet system. What is less often 
realized is that in one branch of Soviet life 
there appears to be active discrimination 
against Jews, however little they 
themselves feel aware of their Jewish 
identity -—— namely in mathematics. 

it Seems I Am a Jew, originally a 
samizdat (privately circulated) essay and 
now published in English translation, is 
basically a record of one man’s experiences 
in trying to make for himself a career in 
mathematics while handicapped by the 
implications of the word ‘Jew’ in his 
internal passport, under Point §, 
‘Nationality’. For, from the point of view 
of the Soviet administration, Jewishness 
relates not to religion, not to self- 
identification with an ancestral cultural 
tradition, but simply to ethnic descent. 
Thus in the case of some anti-Jewish 
prejudice or campaign, as with the 
notorious ‘Doctors’ plot’ in the last days of 
Stalin, any person of Jewish descent, no 
matter how déraciné, is liable to fall victim. 

Such prejudices or campaigns are, of 
course, totally contrary to the Soviet 
constitution. The Soviet press constantly 
reiterates that there is no ‘anti-Semitism’ in 
the Soviet Union and that Soviet policy is 
Opposed only to ‘Zionism’. Nevertheless, 
as Freiman’s essay indicates, there is 
growing evidence that discrimination 
against Jews, particularly in the academic 
professions, and especially in 
mathematics, does exist. Promotions over 
one’s head, unreasonable delays in the 
acceptance of a doctoral thesis, refusal (or 
at least non-provision) of a passport for 
foreign travel — these are phenomena all 
too common in the life of the Soviet Jewish 
intellectual. (Ironically, such incidents 
have sometimes driven a hitherto 
uncommitted Jew right into the arms of the 
emigration lobby. Aleksandr loffe, whose 
mathematical work recently formed the 
basis of a two-day seminar in London, had 
shown no signs of wanting to emigrate to 
israel — until he was refused a passport to 
take a temporary post as ‘visiting lecturer’ 
in Paris.) 

To sucha situation, which could so easily 
become fraught and over-emotional, 
Freiman brings a rare, if black, humour. 
The documentary poem "Of his attempts in 
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Grigor Freiman 
the early 1950s to enrol as an external 
graduate student of mathematics, while 
working at the Kazan Institute of Aviation, 
is a masterly analysis of ‘Catch-22’ 
bureaucracy. Yet since that time, he says, 
the situation has significantly deteriorated, 
with admission of Jews to the more 
prestigious mathematical departments and 
institutes being phased out almost 
completely since 1970. The universities of 
Moscow, Leningrad and Novosibirsk, the 
main stepping-stones to a career in creative 
mathematics, have, says Freiman, virtually 
ceased to admit Jews. He describes a 
special selection process by which Jews and 
cerain other ‘undesirables’, such as 
Armenians, are concentrated for the 
entrance examination into special groups, 
which are then set far more difficult 
problems than the racially more acceptable 
candidates. Examples of these ‘Jewish 
problems’ are given in the text; further 
examples, from the examination of 1978 
for the Moscow University Faculty of 
Mechanics and Mathematics, are cited in 
an appendix. Although there has been 
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Since this review was written, Professor: 
Freiman has been dismissed from his post: 
at Kalinin State University. 
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S 








previous mention of such ‘dewis 
problems’ in print, this is the first time tha 
a sufficient number have been cited 
make it possible to assess them. 


Judging from these, for ‘specii 
selection’ the examiners seem to favou 


umber theory and classical geometry 
subjects in which intuition plays 4 
particularly significant role. One or two o 
the questions, incidentally, notably thi 
soiution in integers of the equation x = y4 
can be solved intuitively and virtuall 
instantaneously — in the context of 
pseudo-mat tical party-games. iff 
however, a rigorotis mathematical proof 
must be produced — orally, within 13 
minutes, under the pressure of examinad 
tion conditions, by a nervous 19 ve: 
the situation takes on a rather different 
aspect. The standard Soviel explanation ol 
such questions, as Freiman points out, d 
tha: the examiners cannot admit everyone, 
but are on the look out for excellence. In 
tha’ case, he asks, why do Jewish student 
who have come out in the top bracket of the 
All-Union Mathematical ‘Olympiads’ do 
sO badiy in the entrance examinations” 
(Ard why, one may add, are such 
supplementary tests of excellence not 
administered to all of the candidates?) | 
Yet the entrance examination is only the | 
first of the problems to be faced in the] 
acacemic careers Of Soviet Jews. Not only | 
are they refused admission to the best) 
universities, but at every step their] 
advancement is blocked. The thesis iso 
turned down, not because the aspirant is | 
called Goldberg or Finkelstein, but because | 
it was not quite up to standard. The | 
promotion bypassed Lazar Izaakovich in | 
favour of [van Petrovich not on grounds of | 
nationality, but simply because the — 
ethnically Russian candidate? ppens to ue ] 
the better, more qualified and ’ 
capa dle applicant. Such ‘epanaicn’ are | 
notoriously difficult to refute — all the | 
more so since, according to Freiman, the | 
examiners, expert committees and | 
appointments’ boards all have to play a | 
double game; knowing that they must 
reject a Jewish candidate, they have to 
produce an academic alibi. “The 
mathematics is mechanical |.. Heisa 
brilliant mathematician but superficial’; 
“He ñas about a hundred works to his 
name. He must be chasing after recog- 
nition’’. Such gems, taken, says Freiman, 
from the official stenographic reports of 
the various assessing bodits, show only too 


clearly the cyz - one ture of their verdicts 


is essentially a personal 
ded-on i Own experience 
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md on data which he has been able to 
arner from acquaintances. He does not 
ttempt to explain or find psychological or 
olitical motivation behind the drive to 
ender Soviet mathematics judenfrei. He is 
content simply to state the facts as he sees 
hem, and to cite, in an impassioned 
‘accuse addressed to the President of the 
soviet Academy of Sciences, the names of 
alf-a-dozen leading Soviet mathema- 
ticians, the Expert Committee for Mathe- 
matics and Mechanics of the Higher Attes- 
tation Committee (the body responsible for 
higher degrees) and the Steklov Institute of 
Mathematics of the Soviet Academy of 
Sciences. These few put prestigious persons 
and bodies, he says, have made Soviet 
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exotic atoms 
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Exotic Atoms ’°79; Fundamental 
Interactions and Structure of Matter. 
Edited by Kenneth Crowe, Jean Duclos, 
Giovanni Fiorentini and Gabriele Torelli. 
Pp.403. (Plenum: New York and London, 
1980.) $45, £28.35. 











ANEXOTIC atom is an atom in which one of 

the electrons has been replaced by a 
wegatively charged heavy particle such as a 
muon (u), n or K-meson, antiproton (p) or 
by a <X-hyperon. It can be formed by 
stopping a beam of the appropriate 
particles in a suitable nuclear target. Once 
the heavy particle has been slowed down to 
an energy of order 1 keV it can be captured 
into a Bohr orbit about the nucleus of high 
principal quantum number n. It will then 
cascade down through its own sequence of 
atomic levels, first by Auger transitions 
with the emission of an electron and later 
by the emission of X-rays. Following each 
of these transitions it comes closer to the 
nucleus until at some stage nuclear capture 
takes place. 

Studies of exotic atoms cover a whole 
range of disciplines from physical 
chemistry through atomic and solid-state 
physics to nuclear and elementary particle 
physics. This diversity of interests and 
applications is reflected in the 22 articles, 
of varying length, which appear in Exotic 
Atoms 79. 

The exact mechanism by which the heavy 
particle is captured to form the exotic atom 
is not fully understood but the present 
volume contains an interesting review of 
this topic by Schneuwly under the heading 
of “Mesiç Chemistry”’. Four other sue 
articles deal with more specific aspects ° 

aig nd the properties 9 

capture by hydrogen al tt particularly 
muonic-hydrogen atoms. Rafelski {rom 
fascinating review by: de Nate! Vee of 
CERN deals with the prope’ 

š „n in which the 
mesomolecules of hydrogen vule H, * has 
electron in the hydrogen molecule H,” na: 
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mathematics ‘‘a cesspool of scientific 
unprincipledness’’. 

Granted the conditions described in 
Freiman’s essay, and the resolute official 
denials that anything in the nature of anti- 
Semitism can exist in the Soviet Union, it 
would seem virtually impossible for any 
impartial third party to assess the validity 
of Freiman’s claims. A certain weight should 
undoubtedly be given to the fact that at the 
time of writing the essay Freiman himself 
was neither a refusnik nor an émigré. 
(Since then, he has filed an application to 
emigrate to Israel.) Weight, too, should be 
given to the style of the essay, remarkably 
free from the introspective self-pity that 
mars sO many samizdat biographies of 





been replaced by a muon. In the case of the 
heavier hydrogen isotopes spontaneous 
fusion can occur, a process first observed 
for the system yp pd at Berkeley in 1956, 
and there is now considerable interest in the 
properties of dd and dt mesomolecules. 

Rather special examples of exotic atoms 
are muonium, the system pte’, and 
positronium, the system e-e*. The 
properties of muonium and positronium 
are reviewed by V. Hughes of Yale 
University, who has worked for many years 
in this field, and here one is particularly 
impressed by the elegance of the 
experiments and the precision of the 
results. Extensions of the exotic atom 
picture to consider bound states of quarks 
to form hadrons are discussed in three 
theoretical articles. Other topics reviewed 
include muon capture rates and parity non- 
conservation in atoms and molecules. 

The whole field of muon spin rotation 
(uSR), so named because of its close 
analogy with nuclear magnetic resonance 





Neurophysiological 
methods in 
entomology 
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Insect Neurophysiological Techniques, By 
T.A. Miller. Pp.308. (Springer: Heidelberg 
and New York, 1979.) DM54, $29.70. 





In Insect Neurophysiological Techniques, 
T.A. Miller has compiled details of 
techniques taken from the published works 
of many authors, and from his own visits 
to and correspondence with several 
laboratories. The text is divided into four 
parts. I, ‘‘Materials’’, describes electro- 
physiological apparatus and accessories; 
Il, ‘‘Actographs’’, reports the methods 
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repression. One piece of evidence 
mentioned by Freiman is, however, open to 
checking by the Western reader — the 
virtual disappearance over the past few 
years of Jewish surnames from the 
contributors to the Matematicheskii 
Sbornik and other leading Soviet mathe- 
matical journals. Thanks to the various 
cover-to-cover translation bureaux, most 
of these journals are available, in their 
entirety, in English translations. Those 
readers who find Freiman’s revelations 
difficult to accept can count for 
themselves. = 


Vera Rich is a journalist who specializes in East 
European science affairs, 


(NMR) and electron spin resonance (ESR), 
has expanded dramatically over the last few 
years and is now a valuable tool in the study 
of condensed matter as well as being a topic 
of study in its own right. It is therefore not 
surprising that almost half of the book is 
devoted to this subject. Topics covered 
include muon diffusion and trapping in 
solids, aspects of positive muons as 
impurities in metals, studies of uSR in 
semiconductors and in ferromagnetic 
metals, and some features of muonium 
chemistry. 

The book is certainly a valuable 
contribution to publicizing the existence of 
a fascinating area of cross-disciplinary 
research, and will provide an excellent 
introduction to those meeting the subject 
for the first time and a valuable referenc 
work for the more expert. C 





C.J. Batty is on the staff of the Rutherford and 
Appleton Laboratories at Chilton, Oxfordshire, 
UK. 





procedures selected researchers have used 


to record from nerve and muscle in 
cockroaches, locusts, crickets and flies; IV, 
“Organ and Tissue Preparations’’, 
emphasizes heart, gut and salivary gland 
preparations, methods of recording from 
cockroach ventral nerve cord, and 
nerve-muscle preparations of locust and 
cockroach leg. There is a reference section, 
containing selected literature prior to 1977, 
an appendix listing suppliers and an index. 
The book is the first in a series to be 
concerned with problems of experimental 
entomology. 

ideally, a book that emphasizes 
methodology should be accurate, clear, 
concise and well-organized, and be 
designed to make its contents readily 
accessible to the reader. Z/nsect 
Neurophysiological Techniques falls far 
short of these ideals. The text is wordy, and 
almost awash with minutiae. Often it strays 
from the topic at hand, and large sections 
are misplaced or mistitled. There is a 
wealth of detail, but it is often repetitive or 











Nature Vol. 286 24 July 1980 


aaea ininrinmarakii damiani ae aaa ani a an engineer ret Ar Arent tenes fra eair iana terra eae 
ne = 
AA eea aur rca out area nO a Oe e e e e aae a a a 


with no clear objective. I wish the author 
had exerted more of an organizing hand, 
carefully and firmly integrating the 
information from his diverse sources. 
Throughout, the level of presentation is 
uneven. For some topics, the writing is 
addressed to those readers with little or no 
laboratory experience; for others there is 
little introduction and much jargon. Too 
often minor points are given misleading 
emphasis, whilst crucial details are 


incorrect or omitted altogether. The 
dedicated and cautious reader will 
doubtless be able to extract some useful 
information but, in general, the book isnot 
a particularly helpful introduction to the 
considerable advantages of insects i 
basic or applied research. = p 


Melody Siegler is a Research Fellow in the 
Department of Zoology, University of 
Cambridge, UK. 
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Developmental Biology of Prokaryotes. 
Edited by J.H. Parish. Pp.297. (Blackwell 
Scientific: Oxford, 1980.) £19, $48.50. 











THERE are few texts available that cover the 
many aspects of microbial development 
and those that are have been around for 
rather too many years to be of much use to 
students or teachers. There is, therefore, a 
need for a suitable text at a fairly advanced 
level and this book is an attempt to fill the 
gap. 

It tries to do this by way of a brief intro- 
duction by the editor to prokaryotic 
diversity and unity, and to gene expression 
and its regulation. This is followed by ten 
chapters covering nine groups of 
Organisms, each chapter written by an 
expert in his particular area. These include 
the cell cycle in Escherichia coli: bacterial 
sporulation (with two chapters in deference 

to the volume of research that has been 
carried out in this area); sphere-rod 
transitions in Arthrobacter; streptomycete 
differentiation; Bdellovibrio growth; 
_ prosthecate bacteria; cyanobacterial 
_ differentiation (filamentous and pleuro- 
capsalean); and myxobacteria. A brief 
concluding chapter rounds off the book. 
_ Foremost among the difficulties in 
trying to provide a text by this type of 
_ approach is the tendency to produce a 
collection of individual review articles, 
each a catalogue of the hopes, successes 


«and failures of research in one particular 


area, at the expense of formulating a 

| -fundamental analysis of the subject. Is this 
not integrating differentiation? This book 
is no exception in that the two chapters that 
could provide an overview of the subject 
are too condensed to be of much value: 


much of the introduction is best dispensed 


with and the reader should consult, where 
necessary, the appropriate biochemistry 
_ bible of choice. The majority of material 

_ has, however, been chosen judiciously with 
” a balanced coverage of the main bacterial 
development systems, although in future 
editions several chapters on bacteriophage 





relevant control and assembly systems l 


have .been worked out in considerable | 


detail. 


Several of the chapters are excellent: : 


That on the cell cycle is stimulating, both 
for its breadth of coverage and for the 
critical discussion of possible models to 
account for the mechanisms co 
DNA replication and cell division. 1 
chapters on bacterial spore a: 
sporulation also provide inter 
reading despite the plethora of reviews 
already available on the subject. 
Inevitably, that concerned with: the 

















molecular biology of sporulation is. 


beginning to date, as gene clo 
techniques are rapidly exploited. 
Nonetheless, the chapter provides a use ul 
summary of the main work that has b 
done on the control of spore formation. 
The authors of the remaining chapters have 


faced the difficulty (recognized by Parish) 


that ‘‘there is a lot of work to do on other 
groups of ‘differentiating prokaryotes’ to 
bring the state of knowledge up to the level 
of B. subtilis’. In most cases, they have 
succeeded in avoiding the temptation to 
compare progress with that in B. subtilis by 
stressing the aspects of development that 
are unique to their system. There are 
occasional lapses, none more revealing 
than the several discussions of the lack of 
evidence for RNA polymerase. changes 
during differentiation in uO E and 
Streptomyces. One or two chapters lack 
freshness since the authors have li le to 
add to recent reviews on the same subjects. 
Also noticeable in places is the inverse 
correlation between the number of pictures 
and the number of facts available for 






presentation. Also, at times, and to the eo 


greatest extent in the chapter on 
Arthrobacter, there is a tendency to 
catalogue biochemical studies, w 
regard to their relevance or complet 
this makes for less į interesting Trading 

These are, however, minoro j 
book that is valuable for thei 
into microbial developmen 
Whilst not a text in the sense th 
unify the field 


development could be added to illustrate ns 
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Talbot H. Waterman 


The Ecology of Vision. By IN, Lythed 
Pp.244. (Clarendon/Oxford Universi 
Press: Oxford, 1979.) £22, $49. | 





In THE ecology of vision John iig hi 
chosen a fascinating topic for a bool 
Obviously radiant energy mainly from t] 
Sun has had far reaching effects on t] 


ao nature of the Earth and its fitness for lid 
N Mi ore cba, sunlight ARPES practical 





survive, grow and VONE: in the compl 
mentary field of biological informatid 
and control patural light also functior 
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gramming in he Spatial orien 
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oF. sour grapes, cannot 
to disinterest. i 
However, coping well with the taxin 
demands of sO broad and varied a sub ject 
a formidable.ecal. 
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navigation, migration and behaviour: 


Obviously most of these componen 


topics have often been reviewed in thei 


own right, sometimes with a high degree of 
competence. Even in the holistic sensi 
there are several symposium volumes thal 
have essayed to survey the substantial areg 
where natural radiation, ecology and seni 


sory physiology come together. 


Thus the author of a book on this su bjec! 
not only has a big topic to deal with but hd 
also has to encompass the previous con: 


tributions of numerous other ares 


Hence the questions: “What should be said 





“What is the real 
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that hasn't already been well said?” 
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pinion the present volume, while certainly 
timulating, is not unflawed and has 
roved to be rather disappointing. +~ 
On the positive side The Ecology of 
ision has, in addition to its subject, other 
trong points in its favour. Thus, the 
verall organization is fine. In outline there 
ʻe two introductory chapters (80 pp.) on 
ae photic environment and vision 
spectively. A middle section (89 pp.), in 
our chapters, details the visual con- 
quences of (1) low ambient light inten- 
‘ties (night, deep water, caves), (2) high 


urbidity of the medium (which often 


estricts aerial vision and always puts a 
evere limit on underwater visibility), (3) 
ye interaction of directional illumination 
ad preferred lines of sight, and (4) spectral 
ias of non-white illumination (e.g. sky 
ght, mesopelagic irradiance and reflected 
ght from vegetation). The final chapter 
35 pp.) surveys the organism- 
nvironment interaction as it relates to 
amouflage, conspicuousness and 
ecognition, 


Thus the text overall is brief, and 





tint tpn 


therefore appropriate to ‘a broad 
readership which might not persist through 
a multi-authored encyclopaedic treatise. 
Yet Lythgoe has managed to include so 
varied @ coverage that even the specialist is 
bound to find some fascinating 
correlations previously unappreciated. 
These fresh insights, however, may seem to 





lie around the periphery rather than near 


the centre of a given reader’s area of 
expertise. For instance two topics of 
primary interest to me, compound eyes and 
polarization sensitivity, seemed among the 
less effective aspects of the book. 

A further and notable positive feature of 
The Ecology of Vision is its wealth of 
illustrative material. This eye-catching 
potpourri of line drawings and colour as 
well as black-and-white half-tones is 
attractive both to the general reader and to 


the specialist, ranging from portrait 


sketches of many of the different animals 


‘cited in the text to excellent illustrations 


chosen from relevant research publications 
including Lythgoe’s own. While the idea of 
illustrating many of the organisms referred 
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train and Personality. By Graham E. 
'øwell. Pp. 113. (Saxon House: 
‘arnborough, UK, 1979.) £10.50. 
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N THIS volume Dr Powell reviews the 
urrent state of theory and knowledge of 
he relation between brain structures and 
ersonality. The methodology in this field 
onsists primarily of making lesions in 
ifferent parts of the brain and observing 
ubsequent changes in the personality of 
he subject. The first substantial advance 
vas the documentation in the nineteenth 
entury of the’case of Phineas Gage, a 
onstruction worker whose frontal lobes 
vere severely damaged in an accident and 
yho subsequently became more happy-go- 
uck y ari less socially responsible. In later 
ears this type of effect has frequently been 
ported following frontal lobe injury. 
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1971) who has proposed that introverts are 
more sensitive to punishment and that this 
sensitivity is mediated by the orbital frontal 
cortex, the medial septal area and the 
hippocampus. Here again, however, the 
new theory has met difficulties. In 
particular, it is still not clear whether 
damage to this system really does make 
people less introverted. 

The author turns next to the more 
empirical studies. These consist of 
attempts to relate lesions of various brain 
structures to personality change, without 
any model of brain function. The chief 
results here are the reduction of 
aggressiveness following damage to the 
amygdala, the reduction of anxiety 
following damage to the cingulate gyrus 
and the reduction of sexual drive following 
damage to the hypothalamus. These 
findings have been used in the USA to 
reduce criminal aggressive and sexual 
behaviour. This is a useful source of 


‘knowledge of the brain mechanisms under- 


lying these behaviours, although not one of 
which the author approves. 

Looking at work on these problems in 
the century or so that has elapsed since the 
Phineas Gage case, one is left with a certain 
feeling. of disappointment about the 


slowness of the progress that has been 


decisive results. l 
will be a useful starting 
oint for those attempting to come to grips 
‘git the still largely unsolved problems in 
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to in this comparative study is welcome, its 
impact is blunted if adequate biological 
and: aesthetic standards are not 
maintained. Rather rudimentary drawings 
of a six-legged spider, a crayfish with eight 


legs and a bifurcate rostrum, as well as a 


gecko apparently fitted with dentures, are 
extreme examples in point. 

The bibliography, of 340 items, is 
reasonably up to date; however one 
disturbing aspect of the references 
is an almost total failure of the 
author to guide the reader to the most 
important sources of further original 
information. Thus few primary 
publications -of innovative research 
workers are presented in any sort of 
historical or evaluative perspective. 
Lythgoe is surely not alone in this tendency 
to become lax or even irresponsible in 
identifying the seminal contributions to a 
field of science. Further, a number of 
experimental biologists whose contri- 
butions would loom large in some readers’ 
view of the ecology of vision are not even 
mentioned: Karl von Frisch, Erich von 
Holst, H.K. Hartline and Werner 
Reichardt, for example. | 

This brings up another feature of the 
book which is particularly evident in the 
bibliography, namely its marked skewness 
towards the vertebrates. Sixty percent of 
the citations refer to this group and of these 
§7% in turn are references to fishes. This 
bias reflects the author’s own research 
interest which has mainly been concerned 
with underwater visibility and fish vision. 

Even with regard to fishes, major 
seemingly relevant topics are ignored. For 
instance the dorsal light reflex, sun com- 
pass behaviour, diurnal vertical migration, 
light-cued rhythms and photoperiodic in- 
fluences, as well as the whole field of 
chromatophores and their control, are all 
omitted. Obviously the coverage of insects, 
spiders, crustaceans and cephalopods, all 
of which have highly developed vision, is 
even less representative of the great 
amount of research which has been done 
on their visual ecology. 

One pervasive feature of the text 
suggests that the author may have surren- 
dered his manuscript to the publisher 
before its due term. This is a certain lack of 
polish and style in the writing. In some sec- 
tions repetitive and awkwardly coordin- 
ated passages are common, while the style. 
at its least elegant may be epitomized by the 
disappointing introduction to Chapter 1 
and the rather limp coda at the very end. 

How can such a good idea for a book 
have materialized as unevenly as this? John 
Lythgoe provided an important and 
interesting topic generally well organized, 
well illustrated and well documented. But 
in spite of this the book fails to live up to its 

promise. The flaws are too many for itto be 
regarded as a prospective classic, though x 
is certainly a ‘nicetry’. = 


Talbot H. Waterman is Professor of Biolog yat 
Yale University, New Haven, Connecticul. 
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Public monopoly and private enterprise 





The Britsh government, no longer (one forgets) new, appears 
to have had arush of blood to the head in the past few weeks in its 
reorganization of the public monopoles. With the British 
parliament well on the way to agreeing that the government 
should sell to the public a still undefined proportion of,the shares 
in British Airways, it was flooded with a stream of proposals for 
the reorganization of other public monopolies. The Bntish Post 


Office ıs to lose ats monopoly on the carriage of letters. Three | 


years from now, the. telecommunications arm of the Post Office 
will no longer be the sole suppler of terminal equipment. To 
many people’s surprise, the Central Electricity Generating Board 
is to lose its monopoly on the manufacture and sale of electricity, 
while British Rail 1s to divest itself of. some of the’ largely 
peripheral activities which it has accumulated over the decades — 
the operation of docks and ferry services but also of hotels and 
golf courses. With-such a flood of announcements, many British 
taxpayers must-have been fearing that their government was 
about to break up the monopoly of the Inland, Revenue by 
reverting to the ancient PHI of putting-out to open tender the 
nght to collect taxes. . > OOR 

In reality, of course, the explanation of this fever of activity is 
more mundane. It has taken the British:government a year or so to 
put flesh on.the bones-of its declared intention of exposing the 
public monopolies toemore effective competition. With the 
summer parliamentary recess-about to begin, ministers are trying 
to clear their desks and also.to stake a claim on parhamentary.time 
for legislation in the next session, beginning-in November. The 
hope that 1t-would be possible to deal with the public monopolies 
more quickly, and imsuch-a way as.to reduce the government’s 
need to borrow from the money markets ın the current financial 
year, much chenshed a,year-ago, has now faded — with some 
exceptions, assets cannot be sold in a hurry except at a loss. The 
danger now is not so much that the British government will give 
potential purchasers of public assets too good a bargain at the 
taxpayers’ expense but that by dealing piecemeal with‘ the 
problem of. public monopoly will arrive at a patchwork of 
decisions which are self-contradictory; even mutually nugatory. 

But why not do away with the public monopolies altogether? 
This 1s what some intemperate souls are inclined to ask. A little 


reflection will show that such a radical solution; however 


‘attractive it may seem, 15 entirely impractical: Public monopolies 
of one kind or another will persist for as long as modern states 
persist. The clinching example is that of sewage disposal in built- 
up areas such as cities. Nobody in his senses would suggest that the 
provision of such a service should be left to private enterprise (as it 
used to bein the eighteenth century and is still ın some rural areas). 
` ‘The essence of the case for local monopolies in sewage disposal 1s 
that the cost of providing the service 1s:to a very large extent a 
capital cost, that the cost of-two-competing systems would be 
approximately, twice the cast of one.and that, if both were to 
remain: viable,.the users.of the service would be required 
collectively to pay twice as much as would otherwise be necessary. 
(Ironically, in Bntasn, local monopolies for sewage disposal were 
‘uncontentious until recently, when the service was administered 
by elected local authorities; their transfer to the newly constituted 
water authonties has raised all kinds of doubts about the basis on 
which the service should be charged for.) 
The difficulties in which the independent railway eres of the 
United Kingdom-found themselves at the height of the nineteenth 
century railway boom 1s still a memorable illustration of how 
competition may not always be: beneficial. It is, however, 


important that the case for a public monopoly is not always 
strictly economic. Most national post offices have been given a 
monopoly to deliver mail on the grounds that same-cost delivery 
of a piece of mail to any address serves a valuable purpose in 


- holding the community together. 


At least in modern times, monopoly rights imply monopoly 
obligations. Because a monopoly can in principle make its 
customers pay through the nose for whatever service it provides, 
steps must be-taken to prevent abuse. Even where public 
monopolies are financed by private, not public, capital, control 
of some kind 1s necessary, whence the great bureaucracies such as 
the Federal Communications Commission with which 
Washington is littered. Where monopolies are financed with 
public money, as in Britain, the agency of control is usually a 


- nationalized industry and, paradoxically, consumers often have 


much less explicit evidence that their interests are well cared for. 


.Governments are all too ready to issue directives which further 


short-term political interests against the long-term interests of 
consumers. (The way in which successive British governments 
have forced British Airways to buy British equipment against its 
wishes are only the most easily remembered scandal of this kind.) 
The objective of the recent wave of change in Britain is allegedly 
to make the public monopolies more efficient. The difficulty, by 


-no means confined to Britain, 1s how to measure efficiency. 


The crop of decisions that assailed the British parliament last 
week is from this_point of view a mixed bag. The British 
government’s.decision- that a proportion of the shares ın British 
Airways should be sold to private investors 1s partly a money- 
making operation, although the government has also promised 
that it will ‘‘get the Treasury off the airline’s back’’. For the rest, it 
is, relying on the fond belief that once private investors are 
represented on the board of the airline, everybody will be more 
vigilant in looking for a healthy economic return on capital, so 
that the operation of the airline as a whole will be by definition 
optimally efficient. That expectation is, of course, naive. The best 
that can be hoped for is that the airline will be as efficient as it can 
be with one hand tied behind its back. For in the international 
jungle of air transport, the monopoly rights that matter are not 
those of being allowed to run an airline but of being allowed to 
land so many times a week at this or that airport, and these rights 
are controlled.by governments, either bilaterally or through the 
International Air Transport Association (IATA). If nothing is 
done to make this system less restrictive than at present, there is no 
prospect that the reorganized airline will be better able to make 
efficient use of the Eeeiloreey of air transport than the airline that 
now exists. 

-The continued neglect of technology by the other public 
monopolies is indeed the most serious cause of discontent with the 
new arrangements now in prospect. In the delivery of mails, for 
example, private operators are to be allowed to compete with the 
British Post Office only in those circumstances in which it is 
feasible for them to charge at least £1 for each letter handled. 
Unless Sir Keith Joseph, the minister responsible, has cynically 
calculated that the Post Office will soon be charging much the 
same for its ordinary mail, this change will not markedly increase 
the pressure on the rump of the service to use automatic sorting 
devices more efficiently, to wonder about electronic mail or to 
devise other ways of making sure that peopl, receive their mail. 
Sumuarly, although it is high time that the iniquitous monopoly of 
the telecommunications part of the British Post Office on the 
supply of terminal equipment was ended, that will not by itself 
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ensure that the rump of the monopoly will not repeat the appalling 
errors of the past three decades — blowing hot and cold about 
electronic switching equipment and so on. Sir Keith Joseph, the 
minister responsible, has gone no further than the decision of the 
United States Supreme Court in 1968(the * ‘“Carterfone decision’) 
that the American public. (but privately financed) monopoly 
should accept other- people’s equipment at the ends of its 
telephone lines. What is to happen, in Britain, when quite new 
kinds of organisations ask permission to set up special-purpose 
communications networks (say, for data transmission) which the 
public monopoly does not wish for the time being to provide? 
Again, on past form at least, people will have to do without the 
benefits of a technology that they wish to use. 

The decision that the monopoly of the Central Electricity 
Board on the generation of electricity should be modified is, from 
this standpoint, the oddest of those now announced. In the old 
days, the publicly owned electricity utility used to prevent people 
generating electricity from windmills sited in their back yards, but 
has recently been more accommodating. The British Government 
has not yet explained just what advantages its new dispensation 
will provide. Presumably, however, it will be possible for large 


Subject in search of 


How should the education of scientists be broadened? And 
how should intending scientists be helped to understand the wider 
implications of their professions? These are questions with which 
teachers have been much concerned in recent years. Increasing 
numbers of them have taken to devising curricula that include 
elements labelled ‘‘social relations of science’’ and the like. In 
recent years, science courses in higher education have been the 
chief beneficiaries (if that is the word) of this enrichment, but now 
there are signs that the habit is also catching on in the schools. It is 
therefore worthwhile that the Nuffield Foundation should have 
commissioned Sir Alec Cairncross (a wily economist once the 
British Treasury’s chief adviser) to take a cool look at schemes for 
broadening the curriculum in this way which have been 
introduced in recent years in British higher education. His report, 
now published (and to be had from the Nuffield Foundation, 
Nuffield Lodge, Regent's Park, London NW1), should give 
pause to all those who think that their students will be better 
scientists if they can be persuaded to attend courses on the ethics 
of radioactive waste disposal, the social responsibility of scientists 
and the moral implications of genetic manipulation. 

It is now more than twenty years since British universities began 
flirting with this means of broadening the science curriculum. 
One of the first courses to be established (at the University of 
Manchester) remains both the most ambitious and the most 
interesting. It constitutes a serious attempt to provide an 
undergraduate course with roughly equal amounts of science 
(physics, chemistry, physiology, etc.) and other subjects (history 
of science, economic history and so on). The original hope was 
that it would yield graduates with a capacity to work either as 
scientists or more generally. There are some thirty graduates a 
vear, but the course appears not to be at the centre of school- 
leavers’ attention, whilethe people who emerge fromit, cultivated 
though they are, rarely choose to practise as scientists. They 
contribute, rather to the pitifully small pool of people who work 
in business, industry or administration who also know what 
science is about. At other British universities, the experience of 
the past few years has been more disappointing. Some of the more 
ambitious attempts to set up genuinely amalgamating courses 
have had to be abandoned. Where science courses are supple- 
mented with a small amount of more general chat about the social 
relations of science, the students appear enthusiastic but the value 
of their marginal activities cannot be evaluated. 

It is easy enough to make fun of these extra components in the 
science curriculurg. Sometimes they are superficial. Sometimes 
they are downright wrong-headed. University science teachers in 
British universities are, however, far too quick to make these and 
other scornful points. Cairncross says laconically in his report 
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manufacturing plants to be equipped with their own electrical 
generating plants and even to sell some of the electricity surplus to 
their needs to consumers nearby. (Some, no doubt, will also think 
of building nuclear power stations.) On the face of things, 
however, it is hard to conceive of circumstances in which the 
independent generation of electricity in bulk offers advantages 
over the service the national grid can provide. 

The scale on which electricity users opt out of the public 
monopoly will therefore be a crude measure of the monopoly’s 
failure. But again, the right to opt out will not by itself ensure that 
the service as a whole is technically efficient. 

These issues are important because the public monopolies are 
often closely involved with novel or advanced technology. Not 
only in Britain, they are also conspicuously less innovative than 
they might be. The modest relaxations of the monopoly rights 
now announced in Britain are welcome, but their consequences 
will be marginal. Yet some at least of the public monopolies are 
here to stay. The long-term interests of their customers require 
more radical ways than those now devised of ensuring that they 
are technically adventurous, neither dogs in the manger nor stick- 
in-the-muds. 


discipline? 


that ‘‘it is a great misfortune of English education that it leads to 
so early and final a decision between those who study science and 
those who do not. This is a huge understatement. Outside the 
United Kingdom, it may not be fully appreciated that students 
entering science courses are almost always people who have been 
for the preceding two years rehearsing at school the studies they 
will follow later, and that many of them have been preparing for 
this curious exercise for a further three years. (Cairncross’s use of 
the word ‘‘English’’ is deliberate, for the Scottish universities are 
more liberal in what they require of new entrants.) The result is 
that the majority of those who enter science degree courses have 
long since ceased to bother with language (their own as well as 
other people’s), with history and economics. Is it any wonder 
that complaints abound that new British graduates are tongue- 
tied or illiterate or just plainly ignorant of the social setting in 
which they wiil have to work? And in such circumstances, can it be 
right to demean the attempts that university teachers make, 
however inadequate they may be, to compensate for the 
deficiencies of the educational system of which they are only a 
part? 

The only long-term remedy must be a reorganization of the 
educational system as a whole, but especially at the transition 
between secondary schools and universities. More immediately, 
there is a need for ways of enriching science courses in higher 
education that will be more substantial and more valuable than 
those now in vogue. Much of what is now provided for students 
under this heading centres around the much talked of 
Promethean dilemma. Nuclear fission means nuclear reactors but 
also nuclear proliferation. Molecular genetics means cheaper 
wavs of making interferon (perhaps) but also (possibly) ways of 
undermining the natural course of evolution. The list of topics 
that make grist for this mill is endless. As ingredients of serious 
teaching, however, they are topics replete with pedagogical 
problems. The information available is incomplete. Books do not 
exist. The capacity of students maimed by their school education 
to grapple with the formless issues raised by such questions is quite 
inadequate. Their teachers are all. too often bent on grinding other 
axes — political, ideological or religious. The Cairncross report 
has drawn attention to the need for some enrichment of science 
courses but has also spelled out the limitations of what is at 
present being taught. Has not the time now come for more serious 
attempts to make good the deficiencies of the British educational 
system? Science students might usefully be helped to keep up with 
a foreign language, to learn more serious economics or to discover 
in reorganized teaching laboratories that science is not cut and 
dried, as the textbooks have it, but as full of intellectual 
conundrums as any study of the humanities. 
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Washington 

United States non-proliferation policy is 
facing its toughest domestic test for almost 
a decade, as Congress decides whether or 
not to veto President Carter’s decision to 
allow the further export of nuclear fuel to 
the Tarapur nuclear power plant in India. 
The Nuclear Regulatory Commission 
(NRC) has already ruled that the export of 
38 tons of enriched uranium requested by 
India would violate the Nuclear Non- 
Proliferation Act of 1978 (NNPA). The act 
forbids the export of fuel or technology to 
countries which have not adopted 
international safeguards on all their 
nuclear facilities. 

President Carter has since overruled the 
NRC on the grounds that denying India the 
fuel would seriously prejudice political and 
economic relationships with India: 

The dispute has brought to a head not 
only strategic differences between 
Congress and: the State Department but 
also tensions between the United States and 
India: rampant ever since India exploded a 
nuclear device in 1974. 

Mrs Gandhi’s return:to power last year, 
and her subsequent firm refusal to eschew 
the possibility of India developing its own 
nuclear weapons, put an end to hopes that 
agreement could be reached. Now: the 
Administration is trying to persuade 
Congress that political tensions in South 
Asia, and the consequent advantage of 
remaining on good ‘terms with India, 
should override more narrowly focused 
policies. 

The Administration and-its critics find 
themselves on opposite ‘sides ‘of a narrow 
dividing line. The NRC, for example, 
taking a strict interpretation of the NNPA, 
refused to grant an export licence partly on 
the grounds that the shipment of the fuel 
would take place more than two years after 
the NNPA had been signed, the grace 
period for compliance. But the 
Administration points out that the request 
had been received in 1977; that the delays 
were the result of US indecision for which 
India should not be penalized; and that 
subsequent licence requests will be treated 
differently. 

Then there is the question of whether, if 
the export licence is granted, it will be used 
as a precedent by other countries — for 
example Argentina, Brazil, South Africa 
and Iraq — to claim exemption from the 
act. Administration critics are standing 
firm on this point. The Administration 
however disagrees. 

Another question is whether denying the 
fuel to India would violate the 1963 
agreement, under which the United States 
guaranteed to provide fuel supplies to 
Tarapur for 30 years and, if so, whether 
India-would then feel free to ignore other 
restrictions in the agreement. 

“If the US breaks the agreement, then 
India can do what it wants, including using 


plutonium’ from the fuel rods to make 
nuclear weapons”, Dr Betty Lall of the US 
State Department said at a meeting 
organized by the Arms Control 
Association in ‘Washington last week. 
Others, however, argue that India has long 
been aware that the obligation of the 
United States to supply fuel is contingent 
on India’s compliance with US lcensing 
requirements, however these may change. 

Strict non-proliferationists favour the 
big stick. ‘‘“Congress should draw a clear 
line and say ‘no’ to further nuclear 
commerce with India until the Indian 
government accepts international 
safeguards on all its nuclear activities’, 
said a statement issued last week by several 
public interest groups, including the 
Natural Resources Defense Council and 
the Union of Concerned Scientists. The 
Administration still prefers to use softer 
methods, arguing that in the long run non- 
proliferation objectives: have.a better 
chance of success through dialogue rather 
than confrontation. 

In Congress, which can overturn the 
President’s decision if both houses agree by 
a simple majority before 12 September, the 
issue is in the balance. In the House of 
SEPTIANA; feelings against the export 


Proliferation a test of nerve in Congress 


licence are running high; a majority of 
members of the Foreign Affairs 
Committee, for example, have signed a 
statement calling the decision to grant the 
licence “a dangerous mistake”. - 

In the Senate, there is also some strong 
oppositicn, headed by Senator John 
Glenn, chairman of the Government 
Affairs Committee’s Energy and Nuclear 
Proliferation Subcommittee. 

In an election year, however, political 
dynamics could prove crucial. A certain 
amount of the opposition seems to have 
been stimulated by a desire to embarrass 
the Administration. The House 
committee’s statement opposing the 
licences, for example, was supported by 
two-thirds of the committee’s Democrats, 
but three-quarters of its Republicans. 

The Administration is at present trying 
to convince a sufficient number of Senate 
Democrats of the value of treating the 
licence as a special case, with a promise of 
further negotiation towards a definite 
outcome one wey or the other. Given that 
both houses have to concur in any 
disapproval, the Senate’s refusal to do so 
would be sufficient to allow the export to 
proceed. 

David Dickson 


Plagiarism strikes again 


The spate of publications with which Dr 
E.A. Alsabti has scattered the scientific 
literature in the past few years now seems 
destined to be followed by a similar spate of 
retractions. The accompanying letter (see 
page 437) from Dr Akiro Shishido, 
Managing Editor of the Japanese Journal 
of Medical Scrence ‘and Biology (JJMSB), 
says that a‘notice will appear in the August 
issue of the journal explaining that the 
editorial board now considers that 
Alsabti’s contribution to ‘that journal 
describes research originally carried out by 
Dr Daniel Wierda and Dr T L Pazdernick, 
first published in the European Journal of 
Cancer. 

It is not yet known how many of the 23 
papers listed in Index Medicus under ‘Dr 
Alsabti’s dame are likely also to fall under a 
cloud. Itis, however, known that Alsabti’s 
paper ‘‘Lymphocyte transformation in 
patients with breast cancer’’, published in 
the Japanese Journal of Experimental 
Medicine (49, 101; 1979) is virtually 
identical with ‘“The effects of surgery on 
lymphocyte transformation in. patients 
with breast cancer”, published by Dr 
Sylvia M. Watkins in: Clinical and 
Experimental Immunology (14, 69; 1973). 

As in other papers published under his 
name, Dr Alsabti acknowledges his 
gratitude to His Royal Highness Crown 
Prince Hassan for ‘‘financial support and 
encouragement’’. To Dr Watkins’s 
original list of references is added in the 


pirated version the reference ‘‘Alsabti, 
E.A., Lymphocyte transformation in 
bladder carcinoma, J. Clin. Hematol. 
Oncol, (1978), in press”. 

Meanwhile, an apparently unrelated 
case of plagiarism involving another 
Jordanian scientist, has come to light. Dr 
K.O. Kutschke, of the Canadian National 
Research Council, who is Editor of the 
Canadian Journal of Chemistry, says that 
in February 1978 his journal received for 
publication a manuscript called ‘Influence 
of electric charges on the corrosion of 
metals” a paper previously published by a 
group of Swedish authors — J.A. Hedvall, 
Nils-Gosta Vannerberg and P.O. Blomqvist 
— in Acta chemka scandinavica (22, 363; 
1968). 

In that case, Dr Kutschke explained this 
week, the plagiarized manuscript was not 
accepted for publication because the list of 
references included one to the Swedish 
group whose work had otherwise been 
pirated. Only curiosity, Dr Kutschke 
explained, prompted: him to look up the 
Original: publication, whereupon he 
recognized the identity of the two papers. 

On that occasion, it appears, the 
Jordanian author (whose name is being 
withheld) gave an address at a university in 
the eastern United States, but had given the 
University of Amman as the location of his 
research. On complainf‘from Dr Kutschke, 
the visiting appointment of the scientist 
was terminated. 
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US budgets 


End in sight? 


Washington. 

“The best we can hope for is to try to 
salvage a disaster and just make it a very 
bad year,” This is how one Washington 
lobbyist. dast week summed up the 
prospects for next year’s research budget as 
Congress continued, at the President’s 
request, to chip away at the budget.. 

Since the beginning of the year, the 
prospects for science have changed 
substantially. When President . Carter 
delivered his original request to Congress in 
January, he proposed a 13 per cent growth 
for basic research, about 3 per cent above 
the anticipated rate of inflation. 

In. March, after what the President’s 
Science Advisor Dr Frank Press has 
described as the ‘‘traumatic experience” of 
a review designed to cut public expenditure 
and balance the overall budget, the 
increase was reduced to 8 per cent, barely 
enough to keep pace with inflation. Now 
even this figure is looking optimistic. 

As far as congressional authorization 
committees (which approve programmes 
for funding) are concerned, there have 
been relatively few problems in meeting the 
President’s requests for cuts and in some 
cases even greater cuts have been made. 

Both houses of Congress have agreed on 
an authorization bill for the National 
Aeronautics and Space Administration 
(NASA) which, at a total of $5,600 
milion, is $70 million above the revised 
request for the agency. The two houses 
agreed in particular to restore funding for 
some of the long-range support 
programmes that had been cut earlier. . 

Similarly the National Science 
Foundation has so far done relatively well. 
The House of Representatives. and the 
Senate have passed very different 
authorization bills, with the latter 
incorporating provisions for a major 
“women in science’ programme, and this 
could involve some redistribution of funds 
within the agency. But the total in each case 
is at or above the Administration’s $1,074 
million request. 

But in the appropriations committees — 
which decide how the federal budget is to 
be allocated — it is a different story. Most 
appropriations bills have still to be acted 
on; but in their determination to pare the 
federal budget wherever possible, several 
appropriations committees have taken 
basic research as one of their. targets. 

The worst affected so far has been the 
Department of Energy, which supports a 
large proportion of the physics 
programme. The department’s request for 
energy research activities, trimmed slightly 
by authorization .committees, was 
recommended for a 12 per cent cut. 

This proposal stimulated intense 
lobbying by universities and research 
laboratories, as well as the Office of 
Science and Technology Policy, and when 
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the budget was debated on the floor of the 
House, an amendment proposed by Mr 
Don Fuqua, chairman of the House 
Science and Technology Committee, to 
restore most of this cut was agreed by i a 
wide margin. 

Furthermore the intense effort ‘avalved 
in protecting the energy research budget is 
being taken as an indicator of the strength 
with which scientists will increasingly have 
to fight to retain their share of the budget 
pie in other areas as well. 

As far as other agencies are concerned, 
no action has yet been taken by Congress 
on the National Institutes of Health 
budget, which for the most part does not 
require separate authorization. Congress is 
unlikely to cut back on the 
Administration’s request for a 5.2 per cent 
increase to $3,350 million; but neither is it 
likely to award the generous increase of 
previous years. 

Some concern is being Sinica about 
the Administration’s decision to cut back 
heavily on the number of training grants. 
These may be.traded in committee against 
the proposal to maintain at 5,000 the 
number of new and competing 
investigator-initiated research grants. 

The House has authorized a total of $627 
million for basic research in the 
Department of Defense, and the Senate has 
authorized a comparable figure. This is 
lower than the $644 million in the 
Administration’s revised budget request, 
but still represents a real growth of 8 per 
cent over 1980 funding, far higher than for 
any other research agency. Also, for the 
third year in a row, the House appropri- 
ations committee has proposed cutting $30 
million allocated to a competitive grants 
programme to the Department of 
Agriculture, in favour of support for 
programmed research support through 
designated land-grant colleges. As in 
previous years, this is likely to be partially 
restored in the Senate. | 

Despite protests that reducing. the 
Environmental Protection Agency’s 
research activities will restrict its 
effectiveness, the House has authorized a 
budget 3 per cent. lower than the 
Administration had requested for 
research, from $413 million to $396 


million. 
David Dickson 


International laboratory 


timane. athe ni 


Danes turn soft 


Danish biologists are preparing to make 
a strong recommendation to their Minister 
of Education next month that Denmark 
should continue to belong to the European 
Molecular Biology Laboratory in 
Heidelberg. Their previous report on the 
question of continued membership of 
EMBL was lukewarm, and persuaded a 
government advisory committee to decide 
that Denmark should rescind the EMBL 
treaty from mid-1981 (Nature, 26 June). 
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That report, now in circulation, 
recommended that EMBL should increase 
the number of permanent scientific posts 
(there is at present only one) and have fewer 
short-term contracts (now about 50); there 
should be more detailed research plans 
than hitherto; and EMBL should submit its 
plans for the next five-year period 
(1985-90) to Denmark in time for a ‘‘well- 
founded’’ decision on membership. 

Before then, says the report, the research 
councils should ‘‘consider whether it is 


desirable in principle that Denmark should 


participate in building up European 
laboratories in fields where the proportions 
of the problems and investment prevent 
attempts to establish national solutions or 
international collaboration in utilizing 
national laboratories’? — thus implying 
that in fact EMBL was un-necessary. 

EMBL’s recruitment policy appears to 
be based in part on the assumption that the 
best molecular biologists are young, but 
the report concludes that these younger 
scientists require ‘‘a well-established 
environment with firm scientific traditions 
and with older experienced scientists” 
before they can achieve important results. 
Hence, the working party concluded, it is 
not possible to build up a good laboratory 
if nearly all the scientific staff are young 
postdoctoral fellows on short-term 
contracts. | 

Moreover ‘‘it must be expected. that 
small working groups of scientists whose 
contracts are reviewed every three years 
will chiefly choose problems ensuring 
results within a short period, but on the 
other hand not offering great possibilities 
of all-important results’’. 

The report also questioned the research 
management of EMBL, saying that ‘‘it 
does not appear very satisfactory that the 
individual working groups are not asked to 
submit fairly:specific plans for their work 
and that the decision-making bodies, in- 
cluding among others the EMBL council, 
are given such a vague basis for making 
decisions’’. The research groups are also 
too small, the report considered, being no 
larger than those at national laboratories. 

On the positive side, the report made 
special mention of the groups on data 
processing and the utilization of 
computers; this part of EMBL’s activities 
was “‘very promising’’. 

Nevertheless, it is felt strongly at EMBL 
that it is too soon to make a proper 
assessment of the laboratory’s achieve- 
ment. The laboratory was established in its 
present permanent headquarters in 
Heidelberg in 1978, and many of the staff 
were recruited then. The constitution of 
EMBL, modelled on that of the European 
sub-nuclear physics organization CERN, 
says that no person may apply for tenure 
until he or she has worked at EMBL for 
three years. Few have reached that 
position. The laboratory’s director, Sir 
John Kendrew, says that there should be a 
marked increase in the number of tenured 
posts in a few years. 
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EMBL acts as a service centre, with P3 
- and P4 laboratories, outstations using syn- 
chrotron light at Hamburg and neutrons at 
Grenoble, and instrumentation and 
computer groups at Heidelberg. So it is 
necessary, EMBL thinking goes, for the 
staff scientists concerned to pursue the 
most up to date lines of research, to keep 
them in touch with the immediate needs of 


the scientific community. Thus flexibility is - 
a prime goal, and short-term contracts and Á 


"small groups provide it. ` 

The Danish meeting on EMBL PENET 
the end of next month will consist not only 
of biologists. There will be representatives 
of the research councils for natural science, 
agriculture and medicine, just as there were 
on the original working party that 
produced the original report, so it is 
difficult to predict the outcome. However, 
whereas that report recommended that the 
government. should foot the £120,000 
EMBL bill, the new report may suggest that 
a single research council takes the sub- 
scription into its own budget. An obstacle 


may be that at present no Danish biologist . 


works at EMBL, although a computer 
scientist and some ancillary staff do so. 
Robert Walgate 


Scientific instruments 


Nature spin-off 


The colour filters supplied with the 3 
April issue of Nature have turned out to 
have an unexpected use. In some 
laboratories, it seems that the filters are 
superior to others on the market in the 
contrast they provide. 

Dr R. Zeki of University College 
London, whose article on colour vision 
prompted the distribution of the set of 
three colour filters (Nature 284, 412-421; 
1980), said last week that he had received a 
number of comments on the value of the 
filters, which he had passed on to Polaroid, 
the manufacturers. 

One of those who have found the red 
filter of particular value is Mr David Owen, 
a graduate student in the laboratory of Dr 
C. Harwood, of the University of 
Newcastle upon Tyne. One series of 


experiments is to identify extra- 
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chromosomal genetic elements in bacteria. 
The procedure is to separate DNA 
molecules by gel electrophoresis and to 


make molecules of different classes 


apparent by treating the gel with a 
fluorescent dye that binds to DNA. 

Mr Owen explained last week that he had 
had some trouble finding a suitable filter 
for photographing the pattern of visible 
light stimulated by ultraviolet radiation, so 


- he had tried “Dr Zeki s red filter’’. 


. “To our surprise”, he said, ‘the 
resulting photographs were far superior... 
in that the DNA bands were clearly visible 
against a black background”. The accom- 
panying illustration is an example of such a 


photograph, in which the bright central 


band represents chromosomal DNA and 
the sidebands DNA from plasmids. 
No agreed explanation of this result is 


` available, although it seems likely that the 


narrowness of the transmission band of the 
red. filter may account for the oie 
contrast. 


The Polarioid Corporation has . 


apparently developed these filters largely 


for research purposes. A spokesman for 


the company said last week that filters with 
narrow transmission bands should be 


‘available from more conventional sources, 


but that the company might reconsider its 
decision that its filters would not be put on 
the market if the demand for them turned 
out to be sufficient. 


High-energy physics 


Trouble ahead 


Washington 


As if bleak badet prospects were not 


enough, high-energy physicists in the 


United States are facing another delicate 


question — what to do about continued 
difficulties in the development of 
superconducting magnets for the 400 x 400 


GeV accelerator (ISABELLE) now under 


construction at the Brookhaven National 
Laboratory on Long Island. 

The official line is that a substantial 
effort must be maintained to resolve the 
difficulties, even if this means cutting 


further into the laboratory’s operating. 
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_from across the physics community. 
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funds for experiments and bringing in help 





But attention is now alse being paid to 
what have been called “graceful failure 
modes’’. At best this could mean lowering 
the maximum energy of each of the two 
intersecting beams of protons from 400 to, 
say, 300 GeV; at worst, H could mean 
cutting losses and scrapping the whole 
project. 

Giver the continued risk of failure in the 
ambiticus superconducting magnet 
programmes at Brookhaven and at 
Fermilab. some physicists are suggesting 
that there is a need to broaden the base of 
the whole nuclear physics programme -~ in 
particular, by diverting resources to 
electron—positron machines directly 
competitive with Europe’s proposed LEP 
in Geneva. 

ISABELLE is scheduled for completion 
in 1986, when it will be able to explore the 
physics of proton-proton interactions at 
energies an order of magnitude higher than 
those which can be reached on comparable 
existing machines. 

lt had always been anticipated that 
developing swperconducting magnets to 
deliver the required high fields would be 
difficult. But given the success of early 
prototype magnets, nobody realized how 
great the difficulties were likely to be. 

ISABELLE will use 1.7-m quadrupole 
and 5-m dipdle magnets, the former 
operating with a gradient of 6kGem™', the 
latter at a field strength of 30 kG. So far the 
quadrupoles have operated with no 
difficulty. But major problems have arisen 


with the dipoles, which have not reached 


either the plannea maximum fields or field 
quality — and of which more than 700 will 
eventually be requ-red. 

Brookhaven has mounted an intense 
research and development programme to 
pinpoint the difficulty. The number of 
people working on the magnets has been 
increased almost four-fold over the past 
two years. And outside help has also been 
sought from the Massachusetts Institute of 
Technology's magna laboratory and the 
Lawrence Berkeley Laboratory. 

The problem is oneof engineering rather 
than theory -~ that of keeping the magnets 
in a superconducting mode while building 
up the required field. Although 
Brookhaven scientists are optimistic that 
an answer will eventually be found, they 
admit that they are still uncertain about 
precisely what is going wrong. 

ISABELLE’s difficugies were a major 
focus of attention when a sub-panel of the 
Department of Energ?’s High-Energy 
Physics Advisory Pane met in Woods 
Hole, Massachusetts, last month to report 
on the current status and prospects of US 
high- energy physics. 

Considerable discussicn took place 
about whether, in the light of the ‘‘serious 
and unexpected setbacks” to ISABELLE’s 
construction programmes. the specifi- 
cations for its performance should be 
revised downwards. If each beam only 
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operated in the 60 to 300 GeV range, it was 


argued, this would still be sufficient to 
produce a large amount of important 
physics, even without the possibility of 
investigating collision energies between 600 
and 800 GeV. 

In the end, the panel refrained from 
making any such formal proposal. But it 
did state that current information from 
Brookhaven was insufficient to assess 
whether the pilot production of the dipoles 
was likely to begin in mid-1981 as planned. 
“If it is not, the ISABELLE project will 
encounter significant delays’’, the sub- 
panel reported. 

Brookhaven scientists have been 
heartened by the report’s recommendation 
that the successful completion of 
ISABELLE — including any necessary R 
and D funding — should remain a top 
priority of the Department of Energy, as 


well as becoming ‘‘the responsibility of the — 


entire national community’’. 

At the same time, however, others are 
warning of the dangers of failure in what 
has become recognized, both at 
Brookhaven and to a lesser extent at 


Fermilab, as a high-risk/high-benefit - 


programme still facing large engineering 
uncertainties. 

“The US high-energy programme is now 
highly dependent on the successful solution 


of such engineering problems and I would - 


recommend greater diversification to 
reduce that dependence”, Dr Wolfgang 
Panofsky, director of the Stanford Linear 
Accelerator Centre (SLAC), told a meeting 
held in Washington last week to celebrate 
50. years of particle accelerator 
construction. 

SLAC is promoting its own proposal, 
developed by Dr Burton Richter, to 
construct a machine which would collide 
bunches of electrons and positrons, passed 
in tandem down the linear accelerator and 
then in separate directions around a ring at 
the end. 

Dr Richter is pushing for early funding 
of the so-called Stanford Linear Collier 
(SLC), attempting to finesse experiments 
on CERN’s LEP and claim discovery of the 
intermediate vector boson. The Woods 
Hole sub-panel examined the proposal 
closely, describing it as a ‘‘fascinating and 
challenging new departure in accelerator 
technology’’. However, the sub-panel 
refused to endorse SLC for immediate 
funding. In particular, questions were 
raised about whether SLC’s predicted 
luminosity would be sufficient to make it 
truly competitive with LEP, which will also 
have a larger energy range. 


‘David Dickson 
Dead Dead Sea 


Coming to life 


Theodore Herzl’ S dream of a canal from 
the Mediterranean to the Dead Sea is at last 
a cost-effective proposal, the Israeli 
ne was informed last week. Use 


of the 400 m drop between the two seas.to . 


generate hydroelectricity could now match 


stations, 
appointed working party chaired by 
Professor Yuval. Neeman of Tel Aviv 
University. 

Assuming an initial investment of $800 


million, the canal with a cascade of hydro- 


electric installations. would, said Dr 


Neeman, pay for itself in 30 years, simply | 


from the 100-150 MW of hydroelectricity 


produced. In addition, the canal could — 
provide the sites for nuclear power stations 


which cannot be accommodated along the 
crowded Mediterranean coast. (That 
between Ashquelon and Ashdod has been 


found to be earthquake-prone.) A thermal 


power station using the water from the 
canal but fired by local oil shale deposits 
could also be built at Ein Bokek. 

Ecologically, the main benefit. of. the 
canal would be to replenish the waters of 
the Dead Sea. The only natural feeder of 
the Dead Sea is the lower Jordan, which 
draws its water from the Sea of Galilee and 
from its east bank tributary, the Yarmuk. 
The Sea of Galilee is however the source of 
water for virtually the whole country, while 
the Jordanians have almost completed a 
major irrigation project involving the 
diversion of the Yarmuk into the East Ghor 
Canal. When this is complete, the lower 
Jordan will shrink even further to a mere 
200 million m? annually, mostly return 
flow from irrigation. 

Evaporation loss from the Dead Sea is 
1,200 m? a year, so that the sea has shrunk 
considerably —- the S’dom.potash works 
have become stranded and a special 
channel has been built to pump brine to the 
evaporation pans. By November 1978, ina 
Knesset debate on the proposed canal, both 
government and opposition were agreed 
that any further shrinkage could orng 
irreversible ecological damage. — : 

Then came the drought of 1979. By 
September, the Dead Sea hadsplit in two at 
the narrowest point (some 3 km across) 
and, according to Shlomo Drori of the 
Dead Sea Development Company, there 
was a dry plain some 12 km long between 
the northern part of the Sea and the 
sourthern fragment, then split into a 
number of pools. Meanwhile, plans were 
going ahead to use. the Dead Sea for 


generating electricity on the “solar pond”. - 
principle, based on the temperature 
difference developed in brines exposed. to 


sunlight where the density gradient i$ too 
great to allow convection mixing. The firs 
solar pond power station: was opened’ at Ein 
Bokek in December 1979. 








The ecological advantages of the 
‘proposed canal are.admitted by all 


concerned. Until now, they have been the 


paramount concern, with hydroelectricity — et 
Eli. Lilly claims. that its method of 


considered rather asa valuable spin-off. As 
late as the Knesset debate of 1978 on the 


canal, Energy Minister Yitzak*Moda’i 


stressed that electricity could still be 


generated more cheaply from fossil fuels. 
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has been injected into humans. 
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Professor Neeman’ s estimates, for the first 


-time, reverse this situation. However, with 
-the cheapest generation from fossil fuel 
according tọ a government- 


the Israeli economy in a state of crisis — 
inflation is now running at 130 per cent per 
annum — it is by no means clear whether 
the government could raise the necessary 
$800 million. 

Vera Rich 


Biogenetic hormones 





e e 
Insulin trial 
-Eli Lilley, the US pharmaceutical 
company, has taken another step along the 
road to producing human insulin on a 
commercial scale. Last week, it announced 
a $40 million programme to build two 


i Sia at its factories at Speke in the United 


Kingdom and Indianapolis in the United 
States for the commercial production of © 


human insulin from genetically engineered 


bacteria. Ultimately, human insulin 
produced in this way should be much 
cheaper than the insulin currently extracted 


from pig and beef pancreas. 


Full-scale production, however, is still a 
few years off. First, any problems cropping 


-up with manufacture on a large scale will 


have to be resolved and extensive clinical 
trials have to be done. The first trials with 
insulin from the company’s US labora- 


tories began on healthy people earlier this 


month at Guy’s Hospital in London. 
Initially at least, the trials are being 
conducted in the United Kingdom to avoid 


: delay in getting permission from the Food 


and Drug Administration for trials in the 
United States. 

The tests at Guy’s Hospital mark the first 
time that any recombinant DNA hormone 
Pre- 
liminary tests to measure the effectiveness 


-of the new insulin in reducing the blood 


glucose level of healthy people and their 
immune response to it should be complete 
in a few weeks. By the autumn, tests should 
begin on diabetics. It is expected that 
human insulin will be tolerated without the 
production of antibodies. Some diabetics 
do produce antibodies to insulin derived 
from pigs and cattle. One possible 
advantage of human insulin is that it will 
minimize or eliminate the risk to middle- 
aged diabetics of eye and liver damage. 
The techniques Eli Lilly are using are 


‘digs developed by Genentech (which will 


get a cut of the profits) whereby synthetic 


‘genes for the A and B insulin chains are put 


into an Escherichia coli plasmid. The 


- bacteria expressing the two genes are 


fermented separately, killed and broken up 
to extract the A and B chains. The chains 
are then chemically combined to produce 


human insulin. So far, no method of 
- getting genetically engineered bacteria to 


excrete their products has been found, but 


extraction has produced pure insulin free 
from bacterial fragments. 

The production of human insulin from 
recombinant DNA is more complicated 
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than the production of antibiotics, where 
bacteria excrete the product. Nevertheless, 

it should prové far less costly than the 
current methods of extracting porcine and 
beef insulin. The cost of human insulin to 
the consumer, however, will depend on its 
penetration into the market and competi- 
tion from other companies. When costs 
will come down is still uncertain, especially 
since Lilly cannot even say yet when it will 
be in a position to start commercial 
production. 


Judy Redfearn. 


Environmental protection 


Bulgaria ahead 


Bulgaria is to spend more than 1,000 
million lev (£500 million) on environmental 
protection during the next five years, 
President ‘Todor Zhivkov announced 
recently. He was addressing a meeting held 
to celebrate the 80th anniversary of the 
Bulgarian National Agricultural Union. 

In Bulgaria, President Zhivkov said, the 


Constitution makes environmental. 


protection a nationwide matter, dealt with 
by specially created bodies at all levels of 


state management. Ecological problems . 


are a compulsory subject in higher 
educational establishments and 
throughout the educational system. 


Special organizations have been set up to ` 


deal with erosion and bring reclaimed or 
neglected soil back into use. Bulgaria, he 
said, is a world leader in reafforestation, 
planting 400-500 decares per year. , 

Zhivkov unequivocally rejected the view 
of “bourgeois ideologists’’ who maintain 
that the violation of the established 
ecological balance is the -reguit of the 
modern scientific-technological 
revolution. On the contrary, he said, this 
revolution is essentially ‘‘our greatest ally 
in harmonizing relations between society 
and nature’’, Although the published data 
on natural resources are so ‘‘very 
alarming’’, Zhivkov reiterated that “being 
aware of the danger is a signal for action, 
not a cause for pessimism”? i 

Bulgaria is not rich in natural resources, 
and before the Second World. War it was 
the most backward but one, of the 


European countries (Albania ranked last).. 


Now, however, Zhivkov claimed his 
country is a ‘developed industrial agrarian 
country’’, with an agriculture capable of 
feeding ‘‘one and a half Bulgarias ” and a 
target of ‘‘two Bulgarias’ in 1985. 
Referring to his African tour, of two years 
ago, Zhivkov suggested that if Nigeria, 
Angola, Ethiopia and Mozambique could 
apply Bulgarian-type organization and 
technology to their agriculture, they too 
would be producing surpluses. Ethiopia, in 
particular, he said, has especially good soil 
which could not only support the present 
population but also ‘‘feed a neighbouring 
state”. 

Vera Rich 


- lymphoma cells: 


One journal disowns plagiarism 


Sirk — Your recent article ‘‘An Outbreak of 
Piracy in the Literature’’ makes it apparent 
that the Japanese Journal of Medical 
Science and Biology (JJMSB) was a vicum 
of an outbreak of paper piracy by a person 
called Dr A. Alsabti. I am writing this letter 
on behalf of the Editorial Board of JJMSB 
to make our position clear. Our 
unfortunate experience shows how 
difficult it is to-be aware of dastardly and 
minutely planned piracy of papers. 

We first received this manuscript entitled 
“Effect of Platinum Compounds on 
Murine Lymphocyte Mitogenesis’’ on 20 
November 1978 from the stated address — 
Department ‘of Developmental 
Therapeutics, M.D. Anderson Hospital 
and Tumor Institute, University of Texas 
System Cancer Center. After careful 
reviewing, the manuscript was sent back on 
25 December 1978 with referees’ comments 
to Dr Alsabti at his changed address (7520 
Brompton Blvd, No. 736, Houston, Texas 
77025). The revised manuscript was 
received in our editorial office on 16 
January. 1979, but it was, still not 
satisfactory for publication and it was 
again sent back to him on 12 February. The 
final revision was received on 2 March, and 
the editorial board accepted it for 
publication on 12 April 1979. On LT May 
1979, ‘a galley proof was sent to him and he 
asked us to send :any further 
correspondence to his new address — 7511 
Teal Run, Houston, Texas 77071. On 11, 
June 1979 the paper was finally published 


-in the April issue of our journal (Japan. J. 


med. Sci. Bilol..32, 53-65, 1979). 

The editing of Dr Alsabti’s paper 
therefore followed quite a normal course. 
However, it may be important to add here 
that we received three other manuscripts 


from him at around the same time. These 


were: . “a 

(1) Effects of tumor cell culture 
supernatants from various tumor cell line 
and normal tissues on macrophages. 7 
(2) Tumor dormancy -established: in. 
DBA/2 mice with P815Y mastocytoma cell 
lines. 

(3) Tumor dormant state established in 
DBA/2 mice by sinecomitant 
immunization and. challenge’ with 
Role of endogenous 


viruses in its mechanism. 
All these papers were rejected. 


Almost one year ‘later we received a. 


shocking letter from Dr D.'Wierda of the 
Chemical Industry Institute of Toxicology, 
North Carolina, USA. His letter told us an 
almost ‘unbelievable fact, that the paper 
entitled ‘‘Suppression of Spleen 
Lymphocyte Mitogenesis in Mice Injected 
with Platinum Compounds’’ contributed 


by himself and Dr T.L. Pazdernik to the. 


European Journal of Cancer (15, 
1013-1023; 1979) is identical to Dr Alsabti’s 
“Effect of Platinum Compounds on 
Murine Lymphocyte Mitogenesis’’ 


published in our journal. Dr Wierda 
enclosed copies of proofs demonstrating 
the authenticity of his work and suspected 
that their manuscript was probably pirated 
during the process of review for the 
European Journal of Cancer. He added 
that their manuscript was received on 10 
October 1978, accepted for publication on 
5 January 1979 and published in the August 
1979 issue of European Journal of Cancer. 

In urgent response to Dr Wierda’s letter I 
wrote to Dr Alsabti on 9 June 1980 to ask 
for an explanation of this unusual 
situation, specifying a time limit of 15 July, 
1980. This letter was sent to his last 
corresponding address. I also asked Dr 
Freireich, head of the Department of 
Developmental Therapeutics, M.D. 
Anderson Hospital and Tumor Institute, 
to forward my letter to Dr Alsabti. 

On 30 June 1980 Dr Freireich wrote to 
tell me that he could not forward my letter 
to Dr Alsabtl as his address was unknown. 
However, he proved that Dr Alsabti had 
never conducted any scientific research 
worthy of publication, either in the 
laboratory or clinic, during his 7 months’ 
stay in his department, and suggested 
further that his large number of 
publications ere all either outright 

plagiarisms or were totally imaginary. 

We have so far received no reply from Dr 
Alsabti, although the deadline we gave him 
has already expired. Furthermore, Dr 
Wierda notified me on 21 July of the article 
“Jordanian Denies He Pirated Papers” (in 
the 11 July issue of Science) in which Dr 
Alsabti claimed that he had not published 
the paper in JJMSB. We therefore decided 
to retract Dr Alsabti’s paper to protect the 
characters of Drs D. Wierda and T.L. 
Pazdermik. Japanese Journal of Medical 
Sclence and Biology hereby announces 
retraction of his paper from our journal. 
Our ‘‘Retraction Notice” will appear in the 
coming August issue of Japan. J. med. Sct, 
Biol. 33 (4), 1980 as follows: 


The Editorial Board of the Japanese Journal of 

Medical Sctences and Biology here announces 

retraction of the following paper from the 
Journal: 

oe of Platinum Compounds on Munne 

Rd Oe Mito nan by E.A.K. 

, and M. Salem, 

Asabi, med. Set BRL 3202) 53-65, 1979, 


Judgmg from several lines of evidence (1-5), 
this work must have been authentically carried 
-out by Drs D. Wierda, and T.L. Pazdernik, 
whose paper was almost simultaneously 
published in the Ewr. J. Cancer (15 (8), 
1013-1023, 1979) under the title of “Suppressor 
_ of Spleen. Lymphocyte Mitogenesis Mice. 
` Injected with Platinum Compounds”. 


l. Letters from Drs D. Wierda & T L. Pardermk 

2. Correspondence to the Head of Department of 
Developmental Therapeuncs, M D. Anderson Hospital 
and Tamor [ostrtute, the Unversity of Teres System 
Cancer Center, with woch Dr Alsabu was affiieted. 

3 Mature 285, 429-430 (1980) 

4 Scremce 708, 1438-1440 (1980) 

5 Somes 799, 349 (1980). e | 


Akira Shishido 
National Institute of Health, Tokyo, Japan. 


i ee 
0078-08346/ 90/3 10437-01 B01 00 : 


438 


Ae ornate 








Bi * ® e 
iologists mis-cite 
SIR, — The importance of checking original 
sources is well recognized, but doing so 
becomes harder as the literature grows. I 
describe here an attempt at quantification of 
the reliability of citations. 

Since familiarity with the cited literature is 
essential, I selected 28 of my own, not 
faultless, publications and 136 related 
publications by other authors. These deal 
mostly with snail physiology and with ionic 
and acid—base regulation in animals. 

Errors found include misquotation of 
quantitative data, confusion of hypothesis 
with fact, of crustaceans with molluscs, of one 
species with another and of experimental 
variations with natural variations; also 
invention, simplification and statements 
contrary to what was demonstrated. Along 
with 33 such errors occurring in 29 citing 
publications are 11 instances of correct 
information being used with a wrong 
reference, or with none. Some of the correct 
citations were almost too simple to be capable 
of being wrong (such as “Recent investigations 
include that of. . .°’). Such citations can be 
useful, but at least 12 citing publications 
include apparently pointless references to the 
cited publications or, more important, omit 
others known to the authors that are clearly of 
greater relevance. 

There are 3 instances of references being 
given in the text, but not in the bibliography, 
and 4 mistakes of the opposite kind. Of the — 
205 entries in the 136 bibliographies, 14 
contain mistakes that could hinder, though not 
prevent, the location of articles (wrong page 
number, year or publisher). Other, mostly © 
trivial slips, including altered punctuation and 
omission of words or letters, occur in a further 
55 references, sometimes several in each. 58 of 
the bibliographies contain at least one error. 
Most errors are in titles, which, in accordance 
with editorial policies, many of the other 
references do not include. 

Fifty-six per cent of the citing publications 
contained at least one of the above faults. 
Especially in bibliographies, slips must often 
be due to hasty note-taking before citation is 
specifically envisaged; the original lack of care 
may then be forgotten during preparation of — 
the manuscript. Blanchard!, in a letter since 
misrepresented in print, has described (1 think) 
how he found that, of 6 references to a 
particular paper in chemistry, 4 contained 
errors in volume or page number. The 
assessment concerning the appropriateness of 
some of the citations is subjective, but is a 
reminder that other factors may influence an 
author’s choice of citations than the interests 
of the reader2.3, 


R.F. Burton 
Institute of Physiology 
University of Glasgow 
Glasgow G12 800, UK 
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* : 
Chemical warfare 
Sik, — Your leading article of 10 July makes 
the point that verification of an agreement to 
ban chemical weapons, which was never easy, 
becomes even more difficult in relation to 
production of the components of binary 
chemical munitions. An alternative approach, 
assuming that an agreement had been reached, 
might be to monitor the stockpiling and/or 
issue of protective clothing (especially gas 
masks) for military or civilian use, and any 
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military exercises in such clothing. If the 


major powers had entered into the agreement — 


in good faith there would be no need for 
clothing capable of protecting against nerve 
agents, and certainly not of military exercises 
by troops wearing it. It is very unlikely that a 
country intending to use chemical weapons 
could do so without making preparations to 
protect its own personnel on a scale which 
would escape detection by the intelligence 
Organizations of the other countries which 
were party to the agreement. From an agreed 
date, after sufficient countries had ratified the 
agreement, all clothing for protection against 
nerve gases would go into bonded stores, and 
any military exercises involving such clothing 
would be forbidden. | 

If the argument is valid, such an indirect 
monitoring should suffice to detect any 
intention to infringe the agreement — even 
though the most important factor remains 
confidence that in no country do chemical 
weapons serve its people’s real interests. 

J.H. HUMPHREY 

17 Mortimer Crescent 
London NW6 5NP, UK 


Budapest disclaimer 


SiR, — Your article by Vera Rich (5 June) refers 
to an interview with me at the Budapest - 
International Fair. Having studied the 
contents of the article, ] must state with the 
utmost regret that it lacks the desired 
accuracy. I therefore feel it appropriate to 
correct the article at some points. ` 

At the beginning of our talk 1 conveyed to 
Miss Rich that as the Hungarian Academy of 
Sciences was not a participant at the 1980 | 
Budapest International Fair, academic 


research was not being presented at this event. 


I explained that at the exhibition, in 
accordance with Hungarian science policy, 
attention was drawn to scientific results 
serving practical benefits and achieved at 
universities and other institutes of higher 
education within the sphere of the Ministry of 
Education. Furthermore, I emphasized that 
great effort has been and is still exercised by 
the Ministry of Education towards putting 
research results into practice as soon as 
possible, thus promoting progress in our 
country. Universities agree with us in setting 
these goals, as was confirmed by the fair. I 
continued by emphasizing the importance of 
the demand made by users in connection with 
practical research, but] did not say ‘‘We make 
what foreigners want to buy’’. 

in the course of the ensuing discussion, Miss 
Rich raised the question of how our scientists 
react to research being directed towards 
practical purposes. In answer, I said that the 
great majority seems to exercise the necessary 
goodwill in this respect but that not everybody 
is fit to fulfill the demands required by 
practical research: ` z: 


_ _ in this sense, the statement attributed to me 


in the article that I do not agree with the 
pragmatic orientation of our research policy is 
incorrect; what I said was that the intention of 


. the authorities of giving a pragmatic 


orientation to research policy causes some of 
our scientists anxiety. Accordingly I cannot 
accept, being myself also an advocate of 
emphasizing the need for practical research, 
the statement attributed to me that “‘It is a 
pragmatic solution to direct more scientists to 
industry and not good for research’’. 

I do not know which facts led Miss Rich to 
the conclusion that we place less emphasis on 
the socialist virtue of the development of 
scientific research in Hungary. I am convinced 
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that this could only be a misunderstanding. 
GyoOray PAris 


23 Szerb Street 
H-1056 Budapest 
Hungary 


VERA Rich writes: I should feel most 
distressed if misunderstandings cloud Mr 
Paris's recollections of what | remember as a 
most friendly and open conversation. 
Although the Academy of Sciences was not, 
however, exhibiting this year, the pavilion was 
clearly marked on the official plan as housing, 
inter alia, the Academy. If, because of 
interpretation difficulties, | have inadvertently 
confused views that Mr Paris put forward on 
his own behalf with views he quoted from 
scientists who disagree with him, I would wish 
to point out, in tendering him my apologies, 
that it is by no means common to meet an 
official spokesman who is ready both to put 
his own view and to quote his opponents. 


Adjectival concerns 


SIR, — I suggest that we generalize the 
convention implicit in the naming of the 
Earth’s year. We suffer from a surfeit of 
planetary adjectives — should one speak of 
the mercuric or mercurial year, the saturnian, 
saturnine or saturnalian? Can one, in a 


reputable journal, mention the venereal or 


uranal year? How much simpler to name the 
planetary years ymer, yven, year, ymar, yjup, 
ysat, yura, ynep and yplu! How fortunate that 
y is both vowel and consonant! 

PETER RASTALL 
Department of Physics 
University of British Columbia 
Vancouver, British Coiumbia 
Canada V6T 1W5 


Unsplit infinitives 
Dr Glascock from Reading’s an erudite man, 
Full of wit and grammatical zeal; 


In Nature! this May, he asked for a ban 
On the customary scientists’ spiel. 


Speak active, not passive, Dr Glascock 
advised; 

Attach participles where they belong. 

Above all be sure that you are apprised 

Of how syntax matters in song. 


Alas (and alack), as they say in some places, 

The verses we liked but we shortened the 
missive.. | 

One way and another, the result was red faces; 

Nature had split one of Glascock’s infinitives! 


Much worse was to come, to readers’ chagrin. 


. Good Garton noticed the error? 


And promptly blamed Glascock, not Nature, 
for sin. 
What anger, what shock and what horror! 


Nature now tenders both Garston and 
Glascock — 

Regrets for its error and shame; 

What verbs should be split is for authors to 

say | | 

It is we who shoulder the blame. 

The moral’s quite clear, as we know too well. 

The jargon leaves much to desire. 

But do not rely upon rhymed doggerel 

And to Belloc do not aspire. 


Editor, Nature 
1. Nature 8 May p.66. 
2. Nature 12 June p.434. 
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Is the suni getting bigger, getting smaller or 
_ staying about the same size? Astronomers 
are divided as to the answer, some say it is 
shrinking, some say it remains constant.’ 
. John A. Eddy, of the High Altitude 
` Observatory, Boulder, Colorado and 
Aram A. Boornazian, a mathematician 
with S. Ross and Co., Boston favour the 
shrinking Sun, and talk in terms of a 
contraction of about 0.1% per century. 
Their results were published in The 
American Astronomical Soctety' Bulletin 
11, 437; 1979. A‘recent ‘paper by- Irwin 
Shapiro of the Massachusetts Institute of 
Technology contains results which disagree 
with those of Eddy and Boornazian. 
Shapiro concludes that the change is’ less 
than 0.03% per century. 

Eddy and Boornazian used data 
obtained at the Royal. Greenwich.. 
Observatory. At Greenwich the precise 


position of the centre of the Sun; with - 
respect to the stars, was measured on every * 


clear day at noon. The times at which the 
limbs of the Sun crossed a fixed meridian - 
wire were recorded. Knowing the Earth’s 
` rotation rate and the Earth’s orbit enables 
the time difference between the ‘two- 
crossings to be converted into a solar 
horizontal diameter. Values for this 
quantity are shown in Fig. 1. 

The vertical solar diameter has also bash 
measured since 1836 using a micrometer 
screw at the eyepiece. 
inaccuracies in the mechanical screw and 
problems of atmospheric refraction make 
the vertical readings less accurate than the* 


horizontal ones. The decrease in apparent 


Sun size as a function of time can be easily 
seer_in the Greenwich data. | nae 

- Sun transit measurements from the 
Naval Observatory, Washington, DC, 
' were also analysed and the same decreasing 
trend was noticed. There was, though, a. 
consistent difference between the two data 
sets, the Sun’s horizontal ‘diameter 
appearing. to be 1 arc s larger from 
Washington, and the vertical diameter , 
about . 0.5 arc s smaller. (The. Sun’s “ 
diameter ‘is about 1,917 arc s). This 


introduces one of the problems of the. 
measuring technique. The results depend P 





David W. Hughes is in the Department of? 
Physics, University of Sheffield. s 


However . 


Sola EN (secs arc) 


‘ from David W. Hughes 


to an extent on thé atmospheric 


- transmission, a quantity that varies from 


place to place on the globe. The judgement 
of the time when -the limb crosses `a 
meridian wire 1s effected by irradiation, a 
physiological effect produced by the 
contrast between a bright object (the Sun in 
this case) and a dim one (the sky 
background). The Gréenwich data shows 
for example a consistent difference 
between the apparent diameter of the Sun 
in winter and summer. 

‘The Greenwich results adak that the 
horizontal diameter is diminishing by 2.25 
arc s per century and the vertical one by 
0.75 arc s per century. The fact that the 


‘latter result suffers from atmospheric 


refraction makes the authors cautious 


about claiming that the Sun is changing its - 


shape. -, , 
Now a constant shrinkage rate of 2.25 


-arc s per century for an object that is about 


1,917 arc s in diameter means that the Sun 
shrinks to a point in 90,000 years time and 
' was twice its present size 90,000 years ago. 

Both -these are clearly ridiculous 
‘conclusions, the latter being completely 
unsupported by geological evidence, and 


,Eddy-and Boornazian are convinced that 


they are dealing with an oscillating Sun. 
The responsible agent could be thermal 


‘cycling in the convective zone or periodic 
> variations in the convective efficiency, the 
period being hundreds of years, similar to 


the period between Maunder minjma. The 


Solar- size variation 


Kelvin-Helmholtz time scale of the 
convective envelope, the time it takes a 
photon to escape assuming that the 
photons movement is not assisted by 
convective motion, 1s also of the order of 
hundreds of sears. 

Before theoretical speculation gets out 


. of hand let us-consider the results of amore 
recent analys.s that indicates that the Sun 


has been the seme size for the last 250 years. 
The solar diameter can be easily obtained 


‘from an analysis of the observations of the 
‘transits of the planet Mercury in front of 
‘the Sun. These transits occur about 13 


times per century, in May and November, 
when Earth and Mercury are nearly 
aligned, and heve been carefully observed 
since 1677. The observations consist simply 
of the times >f external and internal 
contact. Mercury has an apparent diameter 
of 10 arc seconds (1/200 that of the Sun) 


‘and takes about 5 hours to cross the Sun. 


The observed times of contact are affected 
by seeing conditons and the ‘boiling’ of 


‘the Sun’s limb and are often uncertain by 


more than ten seconds. 
Irwin I. Shapiro has published his 


‘analysis of the’ ransit data in a recent 
-edition of Scrence208, 51; 1980. His results 


are also shown in Fig. 1. The values 
obtained by the transit technique are free 


‘from any significant dependence on the 


variation in the rctation rate of the Earth 
and on our knovledge of the orbits of 
Earth and Mercury. The line through the 


L 


“Fly. 1 The apparent diameters of the Sun as a tunction of ume Upper graphs show the annual averages obtained by 


Eddy and Boomanan from the Royal Greenwich Observatory data (Thin line — wertical diameter, thick line — 
horizontal papel The dots represent the solar CAMARA hraneg trom ọbserva ions of the transit of Aler urs 
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data‘in Fig. 1 has a gradient of 0,05+0. 10 
arc § per century indicating that the Sun is 


possibly expanding but also that a 
conclusion that the Sun is of a constant size 
is entirely in keeping with the quoted 
uncertainties. o 
This result supports the findings of 
Sofia, O’Keefe, Lesh and Endal (Science 
204, 1306, 1979) who imply that changes in 
the solar constant (a measure of the energy 
output of the Sun) are directly related to 
the solar size. From the constancy of the 


solar constant Sofia ef al conclude that the 


rate of change of solar diameter must be 
less than 0.6 arc s per century. 

How do we explain Eddy’s result? Firstly 
the difference shown in Fig. 1 between the 
solar diameter measured by Mercury 
transits and the diameter measured by 
meridianal transits is due to the irradiation 
effect caused by the solar disk — sky 
contrast. This can easily amount to the two 


transparency decreases. Greenwich being a 
suburb of London is obviously affected by 
the growth of London’s population and the 
atmospheric effects of the increasing coal 
consumption between 1836and 1950, Eddy 
and Boornazian find, however, that an 
unrealistic transmission decrease of at least 
20% is required to explain their results. 
Irradiation effects also depend on the 
instrument, and. the observing technique 


and the observer. The latter can be ruled 


out as over 100 different observers were 
responsible for the Greenwich data. In 
1850 the instrument used was changed 
from the 5 inch transit to the 8 inch Airy 
transit circle. Also the means of recording 
the transit has varied. These changes 
complicate the interpretation. 


So the mystery remains. Eddy and 


Structure of bacteriophage Pf1 


from R.A. Crowther 


A NEW structural model for bacteriophage 
PfI, differing in potentially important 
ways from that previously accepted, has 
just been proposed by Makowski, Caspar 
and Marvin (/. molec. Biol. 138, 149; 
1980). 

Bacteriophage Pfl is representative of a 
class of flamentous virus particles which 
infect gram-negative bacteria. The 
particles, which are about 1 um long and 60 
A in diameter, contain a closed circular 
single-stranded DNA molecule of about 
7,000 bases. The DNA is coated by many 
copies of a small protein of known 
sequence with a predominantly o-helical 
conformation. There is about 1 base of 
DNA per coat protein in Pfl, though the 
ratio is different in other phage, suggesting 
that interactions between DNA and coat 
may not be very specific, The ability to 
package single-stranded DNA molecules of 
arbitrary size makes filamentous phage, 
particularly M13, attractive as vectors for 
DNA cloning and sequencing. 

An elongated structure built from a 
repeated unit would be expected to have 
helical symmetry and the X-ray diffraction 
patterns obtained from PfI confirm this. 
The detailed interpretation of the X-ray 
pattern has however been more 
controversial. Marvin and Wachtel 
(Nature 253, 19; 1975) proposed a model 
for Pfl assuming a helical repeat 
containing 22 coat protein molecules in 5 
turns of a 15A pitch helix. The model 
represented the coat subunit as a single 
a-helix coiled into a segment of a left 
handed concho-spiral. This interpretation 
was questioned by Makowski and Caspar 
(In The single stranded DNA phages eds. 
Denhardt, Dressler & Ray, p.627; 1978), 

+ 





R.A. Crowther is in the MRC Laboratory of 
Molec ular Biology, C DRE | 
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who presented evidence favouring a 
subunit repeat of 27 units in § turns of a 15 

pitch helix. The new model proposed 
jointly by the two groups is based on the 
latter assignment of helical symmetry, 
although the local structure is not much 


am tae eaten denim AAAA caren ramen meee TR rA T N 


Nature Vol. 286 31 aly 1980. 


ae a nrc Saas a nce COTTE 


s-or sò difference. shown: i Fig. T. This Be 
irradiation is a function of atmospheric: 
transparéncy and ‘decreases’ as the ~ 





April | 1567 $ solar" PE athe fc aua and 


_ not total indicates that the sun was bigger in 


the past. The situation is complicated by 
cyclic variations. Secchi and Rosa 
suggested in 1872 that the solar diameter 
varied with the I] year sunspot cycle. 
Cimino (1945) and Giannuzzi (1955) found 
a 22 year period. 

Looking to the future the SCLERA 
(Santa Catalina Laboratory for Experi- 
mental Relativity by Astrometry) [/100 
photoelectric telescope could be used to 
measure the diameter to an accuracy of 
0.01 arc s, a twenty-fold improvement in 
sensitivity, so the problem of size variation 
should be placed on a much sounder 
footing. The weather and sky transparency 
are better in Tucson, Arizona than in 
Greenwich or Washington and this Souli 
help too. 


Aa 

The X-ray diffraction pattern provides 
only part of the information needed to 
compute a map of the structure. Although 
the intensity of the various parts of the 
pattern is recorded the relative phase 


Fig: The arrangement of a-helical segments in the virus particle. Two axial repeats of the 
inner layer of rod segments are shown in (a), two repeats of the outer layer in (c) and 2.5 
repeats of both layers in (b). The a-helical segments in the virus protein subunit are 
represented as a around the central core, peur by DNA in the virus particle. 
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information is lost and must be regenerated 
by indirect means, such as introducing 
heavy atoms into the structure. This has 
not yet been possible for Pfl, so a more 
circuitous approach has been adopted by 
Makowski et al., involving cycles of model 
building and iterative phase refinement. 
The stereochemical constraint of a-helical 
structure and the geometrical ‘box’ 
constraint of a particle of limited radius, 
within which all the scattering material 
must be confined, combine. to produce 
what the authors claim is a unique 
structural solution consistent with the 
X-ray intensities to spacings of about 7A. 
The picture that emerges of the coat 
protein (see figure) is of a segmented 
structure. One set of a-helical segments lies 
almost parallel to the particle axis at a 
radius of about 15A, while the other set of 
a-helical segments lies at about 25A radius 
and is tilted by about 25° to the particle 
axis. The resulting tightly packed and 
intricately interlocked structure conforms 
with accepted models for packing of 


proteins coat around the viral DNA. 
Unfortunately the model is not yet 
sufficiently detailed for the connectivity of 
the segments to be established. An inner 
segment might connect to an outer segment 
lying further along the virus giving an 
elongated though kinked subunit, 
reminiscent of the single a-helix of Marvin 
& Wachtel. More intriguingly the 
connectivity might be such that an inner 
segment joins to the outer segment 
overlying it at larger radius, giving a hair- 

pin fold to the molecule. The latter would 
SeA a very compact coat protein, 
resembling the double a-helical hair-pin 
proposed as the primitive ancestor of the 
present day tobacco mosaic virus coat 


protein (McLachlan et al. J. molec. Biol. 


136, 203; 1980). More detailed studies are 
needed to choose between these 
possibilities but the outcome will clearly 
provide an important constraint on the 
molecular mechanisms proposed for viral 


morphogenesis. E 


Plant es 


from Peter D. Moore 


ADAPTABILITY is a valuable asset for an 
opportunist. The maxim applies as well to 
the struggling weed as to the business 
entrepreneur, as an increasing number of 
studies of the genetics and population 
biology of plant pest species is showing. 
Much of the interest in this area of botany 
stemmed from Bradshaw’s work on 
variation within grasses such as Argrostis 
tenuis (see for example, New Phytol. 59, 
92; 1960) in response to intense selective 
pressures operating over limited spatial 
distances. In particular, it was the study of 
heavy metal pollution in areas disturbed by 


mining and dumping which led him and his- 


students to an awareness of the genetical 
mosaic found in the plant cover as a 
response to such soil stresses (Jain & 
Bradshaw Heredity 21, 407; 1966). In some 
cases it was possible to pinpoint the precise 
physiological adaptation involved in the 
provision of selective advantages, as in the 


case of Snaydon and Bradshaw’s work 


(New Phytol.60, 219; 1961) on ecotypic 
variation in the grass Festuca ovina on 
alkaline and acid soils. Here, membrane 
selectivity (between sodium and potasium) 
was shown to be closely correlated with the 
environmental pH. 

Complex variations and patterns in the 
micro-environment are frequently 
associated with human activity, as in the 
case of mine spoil, and consequently one 
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might reasonably expect to find genetic 
diversification and intense local selection 
within those plant species which are 
especially dependent on man’s activity, 
namely the weeds. This has indeed proved 
to be the case, for example, the work of 
Gadgil and Solbrig (Am. Nat. 106, 14; 
1972) on dandelions in North America, 
showed that these plants form a patchwork 
of genetically uniform populations, each 
of which has characters of growth, repro- 
ductive rate and seed size which could be 
regarded as adaptive responses to their 
varying local environment, such as degree 
of disturbance and frequency of mowing. 
(see Nature 252, 191; 1974, 269, 375; 1977). 

But dandelions are somewhat peculiar in 


that they are apomictic and also can 


regenerate very effectively by vegetative 
means. Both of these characteristics lead to 
the conservation of a uniform genetic 
make-up within populations. Much 
interest has therefore been generated in the 
degree of variation and adaptation in other 
common weed species. An interesting 
series of papers concerning the genecology 
of a number of weeds has been published 
by Warwick and Briggs, who have been 
particularly interested in lawn plants. In 
the annual meadow grass, Poa annua ,they 
found that some plants were prostrate and 
others erect, and that this growth habit was 
genetically determined (New Phytol. 81, 
711; 1978). The prostrate types were better 
able to withstand defoliation and were well 
adapted to lawn conditions, which i is where 
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they were generally located, The erect 
forms were associated with ‘habitats in 
which catastrophes were common, suchas 


disturbed soils, and devoted a greater 
proportion of their energy to reproduction. 
The erect types can therefore be regarded 
as r-selected with respect to the prostrate 
types. 

A subsequent analysis of populations of 
the broad-leaved plantain, Planiago 
major, has demonstrated some similarities 
to and some differences from the meadow 
grass (New Phytol. 83, 289; 1980). 
Populations were examined from regularly 
mowed lawns and from waste ground 
beside roads and canals. Again, there was a 
differentiation into populations with 
flattened, prostrate rosettes of leaves 
(found on lawns) and those with erect, tall 
shoots and leaves (found on roadsides). 
Naturally, when exposed to a regime of 
regular clipping at a height of 2 cm above 
ground level, the erect form suffered far 
more severe damage than the prostrate 
form. In this respect the plantains 
resembled ‘he meadow grass. A consider- 
ation of Warwick and Briggs’ data 
concerning the accumulation of vegetative 
and reproductive dry weight over the 14 
weeks of ‘he experiment, reveals some 
interesting contrasts to the meadow grass 
observations. Under control (unclipped) 
conditions, the reproductive structures 
(flower and fruiting spikes plus their 
scapes) of the lawn plantains account for 
between 62% and 65% of the total plant 
dry weight. The roadside populations, 
however, have a generally lower and more 
variable reproductive component, between 
28% and 47% (based on population 
means). Thus, under control conditions, 
the prostrate form exhibits a greater degree 
of energy diversion to reproduction than 
the erect population, and this character is 
normally an indication of r-selection. 
Under clipped conditions, as one might 
reasonably predict, this difference is 
further exaggerated, for the shorter, less 
erect spikes of the lawn type are far more 
successful. After 14 weeks growth under a 
mowing regime, the lawn 
population had a $2% to 54% investment 
in reproductive structures and the roadside 
plants were reduced to 13% to 17%. 

Such clear indications of ecotypic 
variations have not, however, been found 
in all the lawn weeds examined by Warwick 
and Briggs. In the daisy, Bellis perennis 
(New Phytol 85, 289; 1980), there was a 
great deal of variation within populations 
from grasslands of differing mowing and 
grazing histories. Transplantation into a 
regularly cut lawn did not necessarily 
diminish the reproductive vigour of some 
individuals from grazed habitats, but, in 
the case of che daisy, the importance of 
vegetative reproduction in the overall 
success of the plant is much greater than for 
either the plantain or the meadow grass. 
One cannot measure tke full potential of a 
weed simply by its commitment to sexual 


reproduction. — 
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New developments i in jron-sulphur proteins: 


from R. ammat 


A NOVEL kind of iron-sulphur'cluster has 

“been found in a ferrodoxin from: the 
nitrogen-fixing bacterium Azobacter 
vinelandu. The cluster is unusual in that it 
contains a nng of three iron atonis linked 
by labile sulphide atoms. The iron-sulphur 
proteins are a class of proteins that contain 
clusters of ron atoms bound to cysteine 
and sulphide sulphur. They are an 
important group of biological electron 
transfer agents. For example, more than a 
dozen different types of iron-sulphur 
clusters have been detected in. mito- 
chondria where they are concerned with 
energy metabolism. Two years ago, the 
possibility that iron-sulphur clusters can 
have other functions was raised when F. J. 
Ruzicka and H. Beinert (J. ‘Biol. Chem 
253, 2514; 1978) found that aconitase is an 
iron-sulphur protein. This enzyme of the 
Krebs tricarboxylic acid cycle of 
mitochondria has ‘no known electron 
transfer function. It now seems likely that 
the iron-sulphur cluster in this ‘enzyme is 
unusual in another respect, in that it may be 
a new type of three-iron cluster, similar to 
those recently proposed in certain bacterial 
proteins. 

In the early 1970s it became established, 
by a combination of X-ray crystallogra- 
phy, spectroscopy and synthesis of 
chemical analogues, that all the ron- 
sulphur proteins contained either l-iron, 
(Rd), 2-iron [2Fe-2S] or 4-iron [4Fe-4S] 
clusters (see figure). The 1-iron centres are 
found only in the rubredoxins of certain 
bactena but the [2Fe-2S] and [4Fe-4S] 
clusters, ın which iron ig attached to 
sulphide sulphur and cysteine sulphur from 
the protein, has been found in many 
electron-transferring systems and 
enzymes. The iron-sulphur proteins are 
often described by. the low-temperature 
electron-paramagnetic-resonance (EPR) 
spectra, since this is a good way of 
detecting them in biological systems. The 
[2Fe-2S] clusters and some of the [4Fe-45] 
clusters give EPR signals in the reduced 
state at g=1.94. Other [4Fe-4S] clusters 


R. Cammack isa Lecturer in the Department o 
Plant Sciences, University of London King’s 
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give EPR signals around g = 2.01. However 
recent results suggest that a novel type of 


‘cluster may also give a g = 2.01 signal:: 


The centre of attention is a ferredoxin 
from Azotobacter vinelandii. This protein 
contains two iron-suwlphur clusters with 
widely different redox potentials, 
+ 320mV ‘and:-424mV. Both give EPR 
signals at g = 2.01. The first cluster seems to 
be a conventional [4Fe-4S]- type. The 


second one, however, seems to be, 


different. Chemical analysis (which is, 
admittedly, notoriously difficult with these 
proteins) indicates that 1t contains fewer 
than four iron atoms. Preliminary X- 
crystallography of the ferredoxin at 4A 
resolution by C. D: Stout of the University 
of Pittsburgh showed that this cluster was 
smaller than the other and last year. it was 
proposed (Stout Nature 279, 83;,1979) that 
it might: be a two-iron cluster. A clearer 
picture of the cluster has now emerg 
from an electron density map at 2.5 
resolution (Stout, Ghosh, Pattabni & 
Robbins J. Biol. Chem. 255; 19797; 1980). 
A model (see figure) has now been fitted 
to the X-ray data and can be considered asa 
two-iron cluster which has opened at one 


side to introduce a third iron atam, 


(numbered 3) and sulphide atom. Unlike 
all other iron atoms in 1ron-sulphur 
clusters, atom 3 does not have tétrahedral 
symmetry but appears to be almost square 
planar. Also, the ligands from the pretein 
could not all be cysteine sulphurs as there 
are insufficient residues of this amino acid 
available. 


3 ? 


The results of the X-ray analysis are still ` 


preliminary. Refinement of..the full 


structure of the protein 1s not expected . 


before -the end of..this ‘year. However 
support for the existence ‘oft a-three-iron 
cluster ‘is provided by. a totally different 
technique, *’Fe Mossbauer. spectroscopy. 
A paper from groups in Wisconsin and 
Minnesota (Emptage, Kent, Huynh, Raw- 
lings, Orme-Johnson & Munck J. Broil. 
Chem. 255, 17973; 1980) looks at the tron 
atoms in A. vinelandu ferredoxin. After 
subtracting the spectrum of the [4Fe-4S] 
cluster, the second cluster appears to 
contain two types of iron atom, in the ratio 
2:1. Asin other iron-sulphur clusters, the 


‘iron atoms ar antterromasrencaliy 
coupled together. The observation that the 
cluster gives the EPR signal at g= 2.01 in 
the oxidized form, but is non-magnetic in 
the’ reduced state, can readily be explained 
by a three-iron cluster. (This was a 
difficulty with the -previously proposed 
two-iron cluster). The valence states of the 
iron atoms would correspond to 3Fe + in 
the oxidized state, and 2Fe?+ and Fe?+ in 
the reduced state, giving net charges for the 
cluster of +3 and +2, respectively. 

If the existence of three-iron clusters is 
confirmed, there are already'a number of 
proteins known that may also contain 
them. All of these given the EPR signal at 
g=2.01. Mossbauer spectra of ferredoxin 
II from Desulfovibrio gigas indicate that it 
contains a [3Ke-3S] cluster on each 
polypeptide chain. Since the protein isa 
tetramer it appears to contain four such 
clusters (Interestingly ferredoxin I from the 
same organism contains [4Fe-4S] clusters 
in a trimeric unit of exactly the same 
polypeptide). Other, more complex pro- 
teins, may also contain the cluster. 
Emptage ef. al. report that they have 
observed simular Mossbauer spectra from 


_ the ‘enzyme glutamate synthase of A. 


vinelandii and from aconitase of beef heart 
mitochondria. 

The presence of this iron-sulphur cluster 
in aconitase is intriguing. The cluster does 
not appear to participate in the enzyme 
reaction directly, but the enzyme is inactive 
‘unless the cluster is first reduced. It -has 
therefore been suggested that the cluster 
somehow regulates the activity of the 


enzyme. If this idea- becomes accepted, 
:there are other examples known. Gluta- 


mine amidoribosyl transferase is an 
enzyme concerned with nucleic acid syn- 
thesis. The enzyme, both from human 
tissue and from Bacillus subtilis has been 


‘found to contain an iron-sulphur cluster 


(possibly of the [4Fe-4S] type). Again this 


_ has no.obvious role in catalysis, but the 


enzyme 1s only active when the cluster is 
reduced. 

It seems, as more types of: iron-sulphur 
proteins continue to be discovered, that we 
shave much to learn about the versatility of 
iron-sulphur clusters. O 


Atomic arrangements in the one-1ron (rubredoxin, Rd) two-iron and four-iron clusters, and the’ proposed ‘three-iron_ cluster. 





[Rd] 


[2Fe-25]: 








[3Fe-3S] 
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100 years ago 


NEW SCHEME FOR 

DIRECTING BALLOONS 
M Gabrie! Yon, one of the directors of the great 
Giffard captive balloon, and Mr. E.A. Pearse of 
Bristol, have each published a pamphiet op the 
|. direction of aérostats. The balloon of each inventor 
2 4eto be elongated according to the principles of the 
a Pa tried by Giffard in 1852 and by Dupuy 
de Lome in 1871. The propeller is to be moved by a 
gas-eTigine in the Pearse balloon, and by a steam 
engine in the Yon balloon. M. Yarproposes t0 use 
the gas of the balloon as fuel, but only in proportion 
to loss of weight produced either by uncondensed 

steam or by consumption of petroleum. 
Nothing can be said to be really impracticable in 
the Pearse scheme, although Mr. Pearse lacks the 
aéronautical training which distingabhes ME Yor, 


The mechanism 
from P.E. Hodgson 


SOME recent calculations made by Da 
Hsuan Feng et al. (Phys. Rev. Lett. 44, 
1037; 1980) greatly clarify the interpreta- 
tion of two-nucleon transfer reactions. 
These reactions, particularly the (p,/) and 
the inverse (zp) reactions, are extensively 
used to study nuclear structure but the 
interpretation of the experimental results 
has been hindered by lack of knowledge of 
the reaction mechanism. The distorted 
wave calculations of the reaction cross- 
sections tend to give the shapes of the 
angular distributions rather well, but the 
absolute magnitudes are very often much 
smaller than the experimental values. The 
situation compares unfavourably with that 
for the corresponding one-nucleon 
transfer reactions, which can usually be 
accounted for both in angular distribution 
and in absolute magnitude using the 
distorted wave theory. 

Attempts to improve the calculations of 
the cross-section of the two-nucleon 
transfer reactions fall into two categories, 
those that concentrate on the nuclear 
reaction and those that concentrate on the 
nuclear structure. It has been found that 
the inclusion of additional reaction 
mechanisms — for example a two-stage 
process through an intermediate nucleus — 
gives additional contributions to the cross- 
section that brings it into closer accord with 
the experimental values. Another line of 
research is to include more detailed 
wavefunctions for the initial and final 
nuclear: states, and these also tend to 
increase the calculated cross-section. There 
still remains, however, much uncertainty 
about the reaction mechanisms that have to 
be included, and the importance of higher- 
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Cn ean 


an aéronaul whe ascended with ML Giffard in 1854. 
and has witnessed all his experiment. The ony 
essential difference between AR Giffard’s scheme 
and the new system is the place gnen fo the ian, 
which Mb Giffard attaches to the car. P raene sel 
oniy decide whether the alicration projected is an 
provement OF otherwise, The reason alleged for 
the change is the bringing of the fan nearer to ih 
centre of resistance. Buri obliges ihe aerenaut to 
give fo his fans a very small diameter, which 
requires an immense number of rotations im a 
second, and consequently represents a lass at 
piner. 
The calculations a pear to have been made wun 
«are by M. Yon and Mr. Pearse. A tial would be 
greatly desirable, alt hough n ts impossible to 
suppose that the acrial carriage of Mr. Pearse ar the 
directing balloon of M. can Posstily bring 
aéronauts tothe North Pole for their inaugural trip, 
they may be instrumental in ehewme usefal facts. 
We may add to the peculiarities of PM. Yor’sseheme 
that he uses a small globe melosed in the lower part 
of the aerostat called a compensation sphere, and 
connected by a pipe with a ventilator, for keeping 
intact the form of his aérial machine. Me. Pearse 
does not appear to be convinced of the urgent 
necessity of abstaining in anv aerial construction 
fram every complication which can be avoided at 
any cost. and he suggests the adoption at some 
accessory organs which, although designed fo help 


order nuclear configurations. 

.Da Hsuan Feng ef al. use realistic triton 
and nuclear wave functions and succeed in 
fitting the experimental cross-sections both 
in magnitude and in angular distribution. 
The reaction was assumed to take place by 
the direct pickup of the two nucleons from 
the target nucleus by the incident proton to 
give the outgoing triton. The wavefunction 
of the proton and the triton are generated 
by the appropriate optical potentials, and 
the reaction matrix element is evaluated 
without making the assumption that the 
interaction potential has zero range, an 
assumption that is known to give good 
results for one-nucleon transfer reactions 
but not for two-nucleon transfer reactions. 

: The improved form of the triton wave 
function isan important feature of the new 
calculations. Most of the previous 
calculations included only the 
predominant spatially symmetric 5 state. 
But now the mixed-symmetry S and D 
states are included as well. This alters the 
selection rules and allows transitions to 
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" atronauts, would tax too muck the hfung power or 


the attention of the aérial saflar. Air. 
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belonging ta the pubhe. and on wi nobods yan, 
in the present state of svienee, false ANY CHIN as 
being he own property. 

Both these pamphlets atg 
similar productions. and are 
writers. Mr. Pearse’s ADNA Phas Been only 
published for private publication. ML Yous is 
re with a number of plates representing many 
dere buf a directing ballogn ps so compen it 
matter that this part of the publicanien can hardly | 
be said ta be complete. ; | 

Having been the builder af M. Depuy de L omes | 
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calls on advance of 
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of two-nucleon transfer reactions 


the Zr, p)” Zr reaction at 11.89 and 20 
MeV., and the results for the first two of 
these reactions are compared with the 
experimental data in the figure. in both 
cases, and also for the third reaction, the 


Figure: (a) Differential cross-section for the 
Olp, SO reaction compared with distorted 


-wave calculations. (b) A similar comparison for 
the Cau prta reaction. 
“shows the result of 
calculating the wavefunctions of the transferred 


The dashed curve 
using a different way of 


nucleons. 
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unnatural parity states to take place bya č 5 

one-step process. The overlap integral 3 

between the wavefunctions of the initial £ iors 

and final nuclei satisfies a Schroedinger & \ b | 
equation for two interacting particles in an b [ \ . | 
external potential, and this was solved by i F \ E, gntiZ OB Mev | 
an extended-basis shell model method. 10%. ? = 1 
Overall, these new calculations are the first 7 | EN 
that use realistic transfer potentials, triton } ig \ | 
wavefunction and nuclear overlap Bi r , K Jaa | 
functions and are thus the first detailed test 7 E i £ Ya . Al 
of the validity of the distorted wave method i l A 7 sae $ ° 
as applied to two-nucleon transfer | Fi T 
reactions. 52. ij; } 

To evaluate the success of this ki 
formulation, it was applied to the _ 
'$0(p,2)'°0 reaction at 20 MeV., the ka 30 60 ë 
#C ali LpyCa a reaction ar 12. 08 MeV. and es pi Es deg: 
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agreement is good both for the absolute 
magnitude of the cross-section and also for 
its angular variation. Since the optical 
potentials are obtained from the analysis of 
elastic scattering cross-sections, and the 
parameters of the nuclear structure part of 
the calculation are fixed in advance, there 
are no adjustable parameters in the 
calculations. The excellent fit to the data 
for different reactions at two energies for 
different nuclei shows that the essential 
features of the reaction have been included 
in the calculation. In particular, the results 
provide no evidence in favour of the 
Suggestion that two-stage processes 
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contribute appreciably to the cross- 
section, 

Further work remains to be done to test 
these calculations against a wider range of 
data, and also to improve the methad still 
further. In particular, the validity of the 
distorted wave method needs to be 
examined in more detail, and account 
needs to be taken of the possibility of 
exchanges between the ingoing proton and 
the target nucleus. However even in its 
present form the calculation is a significant 
advance on previous work, and should 
provide a powerful tool for nuclear 
structure studies. 


Evolution and gaps in 


the fossil record 


from Mark Ridley 


CHARLES Darwin's theory of evolution 
differed from most of its alternatives in 
postulating that new parts evolved in many 
tiny stages from previously existing parts. 
Unfortunately, the intermediate stages 
hardly ever seemed to exist in the fossil 
record (Huxley’s later trumpeting about 
Archaeopteryx notwithstanding). Darwin 
himself followed Lyell in blaming the fossil 
record — it was incomplete, unhistorical 
and misleading, so it did not count against 
this theory. If taken to an extreme the two 
ideas (that the fossil record is incomplete 
and that evolution proceeds at a fairly 
constant rate) can form an irrefutable 
system in which gradual temporal change 
in fossils is interpreted literally, but sudden 
jumps between species are attributed to 
gaps in the record. All the evidence is then 
consistent with a constant tempo of 
evolution. 

A few years ago Eldredge (Evolution 25, 
156; 1971) and then Eldredge and Gould 
(Models in Paleobiology ed. J. W. Schopf; 
Freeman, San Francisco, 1972; Paleobio- 
logy 3, 115; 1977), following on sugges- 
tions by Mayr, Simpson and others, 
argued that the gaps in the fossil record 
might be more real than apparent. They 
put forward a version of the theory of 
allopatric speciation that would automati- 
cally generate gaps in the fossil record. 
According to their theory: (1) the inter- 
mediates between species existed in small 
populations, and small populations are less 
likely to leave a record than large ones (2) 
evolution is rapid in the small isolated 
population, and (3) the intermediates did 
not exist in the same place as (and so are 
unlikely to be preserved with) their 
ancestor. Evolution, therefore, is not 
gradual and of constant tempo. There are 
short periods of rapid change at speciation, 
separated by longer periods in which there 
is no change. Eldredge and Gould 
christened this the ‘punctuated 
Mananasi innana mae maannimi 
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equilibrium’ model of evolution, and its 
alternative ‘phyletic gradualism’. 

Eldredge and Gould’s forceful essay has 
inspired two controversies. One is over 
whether the fossil record does, in fact, 
show one pattern or the other, and the 
second concerns the validity of Eldredge 
and Gould’s explanation of punctuated 
equilibria. Even if it is established that 
evolution is punctuated, Eldredge and 
Gould’s theory of speciation is only one of 
a variety of possible explanations. 

Biometrical studies, in which the range 
of variation is described for each interval 
within a continuous sedimentary unit, are 
essential for a test between phyletic 
gradualism and punctuated equilibria. 
Incompleteness of the record and typolo- 
gical taxonomy (in which each specimen is 
named by its similarity to a type specimen) 
will otherwise be confounding factors. A 
study of geographical variation is also 
desirable. If the samples contain specimens 
from the ancestral species pooled with 
increasing (as time passes) numbers from 
the allopatrically derived species, then 
gradual evolution can appear as an artefact 
even if the actual evolution was 
punctuated. Such pooling is less likely to 
occur if geographic variation is studied 
separately. 

Gingerich has published several bio- 
metrical studies of mammal evolution, 
though his studies lack information about 
geographical variation (Am. J. Sci. 276, 1; 
1976; Pap. Paleont. Mus, Paleont, Univ. 
Mich. 15, 1; 1976; J. Paleont. 53, 153; 
1979; Gingerich & Symons Contr. Mus. 
Paleont. Univ. Mich. 24, 245; 1977). His 
most abundant data are for the condylarth 
Hyopsodus in the early Eocene (Am, J. Sci. 
276, 1; 1976), which looks as if it evoved 
gradually. Gould and Eldredge (Paleobio- 
logy 3, 115; 1977) said that the rate of 
evolution in Hyopsodus was too slow to be 
important. However, the rate of change 
within a Hyopsodus species is similar to 
that at speciation. This is manifest phyletic 
gradualism even if only c on 1 small scale. 


lanana onan menean: en ee Hemi" anA AAA e a BEINGS yey RE: Sl a tpi 
ene mewn: saasaa bt. 


Nature Vol. 286 31 July 1980 


AATTEENA AEN cee Macatee tee SNARE Abbe Ut Yt I a Ht peers Gna LAN te leery 


More recently, West (Paleobiology 5, 252; 
1979) followed the descendants of 
Gingerich’s Hyopsodus through a middle 
Eocene formation of at least one million 
years, and found no evidence of evolu- 
tionary change. So even if Hyopsodus did 
evolve gradually in Gingerich’s study site, 
they showed prolonged stasis soon after- 
wards. Gingerich’s other papers document 
phyletic gradualism in other condylarths 
and in primates, and there is now a steady 
trickle of papers (see recent issues of Paleo- 
biology) variously substantiating either 
gradual or punctuated change. 

Eldredge and Gould’s microevolution- 
ary theory has also been criticized. The first 
problem is whether speciation occurs in 
small populations. Anderson and Evensen 
(Syst. Zool. 27, 421; 1978) have compared 
the sizes of the geographic ranges of 
recently diverged pairs of species of North 
American terrestrial vertebrates and found 
that “more than half of the recently 
divergent species pairs have the range of the 
smaller species greater than 30 percent of 
that of the larger species’’. Although 
uncertainty exists about just how recently 
the pairs of species diverged and about the 
relation between range and population 
sizes, Anderson and Evensen’s data does 
not support Eldredge and Gould’s claim 
that speciating populations are very small. 
It can also be asked whether evolution is 
rapid in small populations. Smaller 
populations have lower total rates of 
mutation which can cause lower rates of 
evolution (e.g. Maynard Smith Av. Nat. 
110, 331; 1976). 

The second problem is to reconcile 
punctuated evolution with natural 
selection and genetics. The rate of 
evolution might either be controlled by the 
extent of genetical variation, or by the 
intensity of selection. On the latter 
possibility, the pattern of evolution is 
directly controlled by rates of change of the 
environment. The Gryphaea studied by 
Hallam (Paleobiology 4, 16; 1978), for 
example, speciate rapidly when their 
ranges are fragmented by a fallin sea level. 
When the sea rises Gryphaea gradually 
evolve increased size. The other hypothesis 
is that rapid evolution results from rare, 
large mutations; chromosomal changes are 
possible examples. Chromosomal 
differences between species are well-known 
in a variety of taxa, and several authors 
have broached chromosomal mechanisms 
for rapid speciation in small populations 
(reviewed by M.J.D. White Modes of 
Speciation W.H. Freeman, San Francisco; 
1978), which would cause a ‘punctuated’ 
pattern of evolution. One suggested 
mechanism is a change in a chromosome 
(such as a translocation or an inversion) 
within one local population. Hetero- 
zygotes for the mutation would probably 
be selected against, so that if members of 
this population interbred with the ancestral 
species there would be intense selection for 
reproductive isolation. However, even 
given a correlation between chromosome 
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differences and speciation, it is not obvious 
which is cause and which effect, and nor 
‘can we be sure that chromosomal 
speciation would necessarily produce 
punctuated evolution. In his latest essay on 
< the subject, Gould (Paleobiology 6, 119; 
1980) argues that large mutations are the 
main cause of punctuated evolution. 

A third and interesting possibility is that 
gradual environmental change could cause 
punctuated evolution. In their original 
paper, Eldredge and Gould mooted that a 

Species’ gene pool is so intricately co- 
_. adapted that change is only possible by a 
K thorough revolution. By co-adapted it is 


meant that a change in one part of the 


system will not be favoured without 
simultaneous changes in other parts. Thus 
when evolution occurs it will be by a sudden 
leap, with changes in many parts; natural 
selection does not favour piecemeal 
tinkering. 

Ironically, an Objection to any model in 
=- which punctuated evolution occurs with 
gradual environmental change comes from 
the very facts that led to the formation of 
the theory to begin with: geographical 
variation. Stepped clines (discontinuous 
variation in space) are known that do not 


coincide with obvious environmental dis- 
continuities, such as the enigmatic spotting 
pattern of the butterfly Maniola jurtina, 
and these have been interpreted as 
quantum jumps between different co- 
adapted genetic systems (E.B. Ford 
Ecological Genetics Chapman & Hall, 
London; 4th edn, 1975, J.A. Endler 
Geographic variation, speciation, and 
clines Princeton University Press, 1977). 
However, continuous variation in space Is 
commonly observed in many species and is 
difficult to reconcile with the theory that 
says that natural selection causes abrupt 
changes between different co-adapted 
states. Earlier this century gradual 
geographical variation was important in 
confuting the de Vriesian ‘mutationist’ 
theories of evolution. Gradual geographic 
variation probably evolves much too 
rapidly to be represented in the fossil 
record as gradual evolution, so the 
existence of gradual geographic variation is 
perfectly compatible with punctuated 
evolution over geological time. Gradual 
geographic variation, however, does not fit 
in well with the ‘co-adaptation’ theory of 
how natural selection brings this 
punctuated evolution about. a 


Earthquake prediction 


from David W. Simpson 
_In the early 1970s, principally because of 
observations of premonitory changes in 
velocity ratio and groundwater 
geochemistry in the USSR and crustal 
‘deformation studies in Japan, there was 
considerable optimism that earthquake 
prediction would soon become a reality. 
` The intervening years have seen a greatly 
‘expanded program in earthquake 
prediction in the United States, but 
negative and conflicting results have 
_ dampened some of the initial enthusiasm, 
if not led to outright pessimism on the part 
of many US seismologists regarding the 
practical reality and imminence of reliable 
methods for predicting earthquakes. At a 
recent meeting* on a wide variety of topics 
related to earthquake prediction much of 
-the original enthusiasm appeared to be re- 


emerging as it became clear that at least — 


some earthquakes can be, and in fact have 
been, successfully predicted. It was also 
clear, however, that no universal panacea 
can be expected. Premonitory effects 
appear to vary widely with tectonic 
environment and earthquake magnitude. 
The premonitory signatures of large 
earthquakes in thrust regions of Soviet 
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Central Asia, China and Japan appear to 
be clearer and to extend over a wider area 


than any such effects observed so far in 


strike-slip environments such as the San 


Andreas Fault of California. 


-On a time scale of tens of years, gaps i in 


the occurrence of large earthquakes along 
-major plate boundaries have proved to be 
one of the most successful methods for 


predicting the sites of future great shocks. 


_Nishenko, McCann and Sykes (Lamont- 


Doherty Geological Observatory, 
Columbia) presented a map of the current 
‘seismic potential’ df the circum-Pacific 
belt, in which they refined the idea of 
seismic ‘gaps’ by ascribing a high seismic 
potential to a gap only if historical or 
tectonic. data indicate that it is a region 
capable of producing a large shock. Sykes 
et al. (Lamont-Doherty) used historical 
reports to extend the record of great 
earthquakes in the Alaska-Aleutian arc 
back to 1784 and showed repeat times of 50 
to t00 years for great earthquakes in some 
regions. Large segments of this part of the 
plate boundary seem to rupture in 
temporally clustered sequences of large 
earthquakes (e.g., 1898-1907 and 


1938-1965), separated by long periods of ` 
Variations in. 
seismicity in western Japan, and especially i 
a south to north migration in theareatothe —. 


relative quiescence. 
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west of the 1946 Nankaido earthquake s 

were reported by Mogi (Tokyo University 
He also showec how a recent mode by 
Shimazaki and Nakata, in which rupture 
occurs at a corstant ultimate stress (as 
opposed to a model of constant stress drop 
during an earthquake}, can be used to 
explain the observation that the time 
interval between large earthquakes in 
western Japan is proportional to the stress 
drop in the preceding large earthquake. 
Takagi (Tohoku University, Japan), im a 
detailed study of activity bef ore and after 
the 1978 magaitude 7.4 Miyagi-oki 
earthquake, showed a migration of 
foreshocks towards the boundary between 
the oceanic slab and overriding plate, with 
aftershocks clustering along the boundary. 
Seismicity patteras in the Mexico- Central 
Americasegmentof the circum-Pacific belt 
were described by McNally (California 
Institute of Tecnology), Ohtake ef al. 
(National Research Center for Disaster 
Prevention, Japan) and Singh ef al 

(Instituto Geofisica, Mexico), who- 
reviewed data which led to the successful 
prediction of the 1978 Oaxaca earthquake 
and showed repeat times of 30-40 years for 
this region. For at least 50 years following 
the 1906 San Francisco earthquake the 
level of seismicity in northern California 
was considerably ower than it had been in 
the preceding 50 years. Ellsworth eral. (US 
Geological simo suggested that a pair of 
magnitude 5:5 earthquakes in the San 
Francisco area in August 1979 anu January 
1980 show the activity to be returning to a 
more normal level. Pairs of earthquakes 
with’ similar teraporal clustering have 
occurred a number of times in the area 
since 1836.. 


















ntal areas, where the repeat 
times” for r la ge earthquakes are longer than 
al uction zones and are usually 

t range of instrumental or 
ical catalogues, geological data are 
being: used to extend the record of occurrence 
- Major. earthquakes. Sieh (California 
te Technology), Wallace (US 
Geological Surveys and Schwartz et al. 
(Woodward-Clyde consultants, San 
Francisco) showed now detailed mapping of 
displacement on major fault zones in the 
western US can be used to date past 
earthquakes to determine recurrence 
intervals and maximum magnitudes of 
prehistoric events. They showed a general 
increase in the recurrence interval from west 
to east: from tens to hundreds of vears for 












large earthquakes along the San Andreas 


systern to hundreds to thousands of years in 
Nevada and Utah. 


- Whereas most methods for jong-term 


3 prediction are based on regularities and 


changes in the seismmac cycle itself as revealed 








Maen 





* The Third Maurice Ewing Symposium was held at Mohonk 
Mountain House; New Paltz, New York, Enghty-cight scientists 


from elevens countries attended under ihe sponsorship of the 











. Geological Observatory of Columbia 
ynn R. Sykes as Chairman of the Organizis ig 
wis provided by the Gi. Linger Vetlesen 
ional Science Fewridation and the US. 
The Proceedings will be published in 1981 by 
siysical Laden, 


i. amont-Doher 
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Insect diapause — stability and change 


from A.D. Lees 


GEOGRAPHICAL strains of insects often 
differ substantially in their: diapause 
characteristics. The critical photoperiod 
required for diapause induction, the 
interactions between day length and 
temperature and the intensity (duration) 
of dormancy are particularly. variable. 
When the area of distribution extends 
continuously over a wide range of 
latitudes these characters form a north- 
south cline with critical photoperiod and 
intensity diminishing towards lower 
latitudes and diapause sometimes fading 
out entirely in the sub-tropics. Following 
the classical work of Danilevsky (Ent. 
Obozr. 36, 6; 1957), this has been 
accepted as evidence that geogrzphical 
strains are closely adapted in their 
phenology (date of entry into diapause, 
voltinism etc.) to their own part of the 
geographical range of the species. Since 
photoperiod and temperature, as the 
main agents controlling diapause, vary 
systematically with latitude, the insect 
would receive a false indication of season 
in other parts of the range. This is 
expected to limit spread along a north- 
south axis and might have severe initial 
effects on introduced species, although 
some later readjustment by natural 
_ selection might well be looked for. In this 
connection, crosses between different 
strains have shown that quantitative 
differences in diapause-related characters 


A.D, Lees is Professor of Insect Physiology, 
fimperial College, London. 


by seismicity data, many intermediate- and 
short-term predictions rely strongly on 
indirect indicators of the earthquake 
preparation process. Aki (Massachusetts 
Institute of Technology) presented a method 
by which information from various 
independent precursors can be combined to 
improve estimates of the probability of the 
occurrence of a large earthquake. Thatcher 
(US Geological Survey) showed how geodetic 
measurements have been useful, especially in 


Japan and California, in identifying areas of 


increased stress as the possible sites for future 
earthquakes. The .importance of 
inhomogeneities in the stress distribution on 
fault zones and the role-of asperities in 
controlling the release of stress were discussed 
by Kanamori and Lay (California Institute 
of Technology) and Wyss (Institute für 


Geophysik, Zurich). A model of time 


dependent failure due to stress corrosion, 
in which the growth of cracks is.con- 
trolled by a ‘stress intensity factor’ and 
the presence of asperities, was presented by 
Scholz ef al. (Lamont-Doherty). 

In short-term pfedictions, water- related 
effects are especially common. A number of 
cecal descr ibed the observation of changes 


such as critical photoperiod and diapause 
intensity depend on polygenic 
inheritance. Nevertheless, as emphasised 
by Tauber and Tauber (Evolution of 
Insect Migration and Diapause p.53-71, 
Springer-Verlag, 1978), these features 
can sometimes be modified quite rapidly 
by directional selection in the laboratory. 

Introduced pests that fail to gain a 
foothold usually escape notice. For this 
reason the diapause status of the more 
successful invaders is especially worthy of 
scrutiny. In this issue of Nature (p.489) 
Goldson and Emberson show that the 
Argentine grass stem weevil Hyperodes 
bonariensis, introduced into New 
Zealand more than 50 years ago, has a 


remarkably stable photoperiodically 


controlled adult diapause, populations 
collected in areas extending over 8° of 
latitude having much the same critical 
photoperiod. It seems that the beetle 
might have achieved multivoltinism (and 
even greater destructiveness?) if diapause 
had been eliminated by selection. The 
absence of diapause in most indigenous 
New Zealand insects suggests that this 
condition is not required for winter 
survival. 

In contrast, the photoperiodically 
controlled winter diapause of the 


Colorado potato beetle is well suited to its; _ 
new environment in continental Europe, 


Introduced into France in 1922, 
Leptinotarsa has since spread eastwards 
as far as the USSR, occupying only 
slightly wider latitudinal limits than in N. 
America. It seems likely that the dispause 


in radon content in groundwater and deep 
wells. Fu (State Seismological Bureau, 


Peking) and Wakita (Tokyo University) 


reported a variety of short-term. precursors 
preceding recent earthquakes greater than 
magnitude 7 in China and Japan, many of 
which may be closely related to groundwater 
(e.g., water level, geochemical and tempera- 


‘ture changes in wells, resistivity variations). 
Sobolev (Institute of Physics of the Earth, 
Moscow), in a summary of studies in Soviet 
Central Asia, showed premonitory changes 


of water levels in wells as far as 650 km from 


_earthquakes of magnitude 7. 


Reviews were presented of the national 
programs in earthquake prediction in the US, 
USSR, China and Japan. As described by 
Mogi (Tokyo University) and Rikitake 
(Tokyo Institute of Technology) the 
Japanese program, which began in 1965, 
involves a closely integrated organization of 
universities and government agencies 
monitoring a wide spectrum of geophysical, 
geological, geodetic and geochemical 
parameters, with special emphasis on the Izu 


: Peninsula and Tokai district. In addition to 


the high level of data gathering and research, 


the Japanese have also made significant 


control mechanisms and the voltinism 


have again remained relatively stable (de 


Wilde, Soc. exp. Biol. Symp. 23, 263; 
1969). The pink bollworm Pectinophora 
gossypiella, originating in India, is a pest 
which has been transported by commerce 
to virtually every cotton growing area in 
the world, mainly during the present 
century. The geographical strains tested 
by Ankersmit and Adkisson (J. Insect 
Physiol. 13, 553; 1967) were found to 
have very similar critical photoperiods 
for diapause induction even though the 
populations came from widely separated 
latitudes (for example, El Paso 32°N and 
Colombia 3°N). However, many fewer 
insects from lower latitudes entered 
diapause at all, even in short days. In this 
Species adaptive changes are already far 
advanced. In the cornborer Pyrausta 
nubilalis the evidence suggests that 
changes in the diapause status are 
progressing rapidly. Introduced into N. 
America from Europe before 1920, there 
has been a strong tendency for the 
univoltinism of populations in the north 
to give way to a bi- or multivoltine life 
cycle in the warmer states of Kansas and 
Missouri. According to the analysis of 
Beck and Apple (J. econ. Ent. 54, 550; 
1961), these changes involve both photo- 
period and temperature control of the 
inductive daylength as well as more 
indirect effects of temperature on the rate 
of larval development. From these few 
examples it is clear that the adaptive 
changes shown by different insects are 
liable to be varied and complex. — s 


advances in raising public awareness of earth- 


quake hazards and in preparing the public for 


earthquake emergencies. Participants at the 
meeting were vividly. reminded of the socio- 
logical and economic importance of earth- 
quake prediction by a series of Japanese films 


on the disastrous effects of major earth- 


quakes and a Chinese video-tape showing the 
destruction caused by the 1976 Tangshan 
earthquake. _ 

Large earthquakes occur in cycles which 
are long compared to the instrumental 
records available of seismicity and related. 
geophysical parameters. The seismic cycle 
appears even longer when viewed in terms of 
the relatively short time during which data 
have been gathered specifically for earth- 
quake prediction purposes: Even within the 
limitations of existing data, however, the 
meeting clearly showed that consistent 
patterns are emerging. As data gathering and 
interpretation improve, the challenges of the 
next few years will be to identify the 
techniques which are the most reliable; to test 
the significance of predictions based on those 
methods; and to integrate various techniques 
into an increasingly reliable procedure for 
earthquake pina 0 
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Biomolecular structure determination 


by mass spectrometry 


_ Howard R. Morris 
Departnent of Bibchemity, Imperial College of Science and Technology, London SW7 2AZ, UK 


Mass spectrometry, conventionally used with smallish molecules (less than 1,090 daltons), has 
surprisingly emerged as a powerful technique for the determination of the amino acid sequences of 


proteins and the structure of glyco 


materials of unusual structure such a as the peptidolipids. unneg applications to 


are foreseen. 


THE past decade has seen a considerable advancement both in 


the technical capabilities of mass spectrometry and in its appli- © 


cation to problems i in biochemistry and medicine. Perhaps most 
surprising, given that most conventional mass spectrometers 
perform optimally on volatile samples of mass less than 1,000 
daltons, has been the successful extension of mass spectrometry 
to the elucidation of the structures of complex and polar 
substances such as proteins and carbohydrates. The great power 
of modern mass spectrometry stems from several fundamental 
principles peculiar to the technique, not all of which have yet 
been properly or completely exploited. These are all illustrated 
in the text that follows but a summary of the concepts will be 
useful at this stage: (1) sensitivity: mass spectrometry is the most 
sensitive of all general methods of structure elucidation or 
quantitation, being routinely applicable to sample sizes of 
microgrammes or less. In favourable cases picogramme sensi- 
tivity has been achieved’, and progress in the physics of ion 
generation, mass analysis and detection may eventually lead to 
_ the ultimate in sensitivity- generation, analysis and detection of a 
single ion (detection is already a reality). (2) Specificity: because 


ptides as well as for the characterization h biologically active 


iomedical problems 


the method provides an exact physicocaemical measurement 
(mass with an accuracy of five decimal places for example), its 
specificity is unequalled by other widely used ‘structure probes’ 
such as radioimmunoassay. (3) Sampl2 purity: mass spec- 
trometry has a unique advantage over classical chemical 
methods or true spectroscopic methods cf structure elucidation 
in that it does not require a pure sample of the compound whose 
structure is to be determined. It is the intention of this review to 
illustrate the power and: potential of mass spectrometry by 
examples of its recent role in the determination of protein, 
peptide, glycopeptide and peptidolipid structure. 


Protein sequence analysis 


The demand for protein sequence analysis is greater than ever 
despite recombinant DNA technology, not least because the 
positive identification of initiator, termingtion and intron coding 
sequences demands comparison with amino acid sequence data. 
The underlying trend in protein sequence analysis is towards the 
rapid generation of sequence data, not necessarily complete, but 
sufficient, for example, to combine with crystallographic data to 





1 0 H 
F: | 2 N- berm 
Hod A. CH _____AO0H inus a (bs C- term nus 
ch NH 4 
R l CH 
a Cze) N v 
Fig. 1 a, General dervatrve-forming appli- {n) HEOL 0 OH 
cable to 1-50 nmol of protein-derived peptides’? !! To n r [om ri o Sequence ion 
be applicable to all common ammo ands, the = ZX 
permethylation step must be restricted with respect to ch 
alkylation reaction time to prevent ‘salt’ formation’? nh CH À 
Arginine-contalning peptides require an additional mild | 3 R 
step before acctyianon. The resction m (CH3) 
carried out only on those peptides showing a-positive i j 24 aa cer 
stain test for argmine on the electrophoretogram!! (see CHS NH vst ane COOH R CH, 0 0 ` 
'Stratogy’). b, The formation of ‘sequence lons' and N-C Z ‘4 a ee de ee al i 
cleavage fragment lons from which the interpretation of i i M a nd co 
the spectrum is made N-C cleavage = only observed 0 R 0 CH=CH 
where ‘X’ corresponds to Phe, Tyr, His, Trp, Asn or j Aye CH 4 CH, 
Eae laars tin h CH) SO CH3 x 
mass differcaces ( haere a ere CHal (75s) N-C | 
and C) between sequence ions Sı, S and $, (ref. 14). ale ei 
i = o 
ava 
ac 
CH (CH 
C | i i he or 
Tee a CH 
W ANZ a 
' i N C 
| i 
0 R CH 0 





0028—0836/80/310447—06$01 00 


© 1980 Macmillan Journals Ltd 


determine tertiary structure, to locate the pioen coding i in a 
DNA sequence, or to answer questions on the evolutionary 
divergence of enzymes. Partial sequence data, following chem- 
ical modification of the protein, can also be sufficient to reveal 
catalytic or binding sites. = 

It is now 20 years since studies on small syntet peptides Arsi 
indicated the possibility of sequence analysis by mass spec- 
trometry~*, and 10 years since the mass spéctrometric analysis 
of protein- -derived peptides and peptide mixtures was first 
demonstrated*. Since then, considerable progress has been 
made, resulting in combined classical-mass spectrometric attack 
on total protein sequences, for example on ribitol dehy- 
drogenase> and chloramphenicol transacetylase®’ Only 
recently, however, was the first total protein sequence assign- 
ment made by mass spectrometry, independent of classical 
methodology, in work on dihydrofolate reductase®*. Why has it 
been so difficult and taken so long to reach this stage? The short 
answer is that, as already mentioned, the mass spectrometer is 
not an obvious method of choice for the study of high molecular 
mass, complex polar molecules. The successful reconciliation of 
these apparently irreconcilable differences, to produce a 
methodology that has clear advantages over classical ones 
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fragmentation pathways including radical or neutral losses from 


the molecular ion or other fragment ions”? (Fig. 15) must be 


recognized, The exact nuances of interpretation are too detailed 


_for discussion here, but suffice it to say that current ideas on 


(whether manual or automated) has hinged upon the following © 


developments in the areas of derivatization, fragmentation and 
strategy. 


Derivatization and fragmentation 


Several types of derivatives are currently in use, the choice 
depending very much upon the subsequent strategy, for example 
whether gas chromatography or direct probe insertion is to be 
used. In most of the protein studies reported to date, samples 
have been introduced directly via the probe, for which technique 
the N- acetyl, N,O,S-permethyl derivative'® is preferred. Figure 
la summarises the method for obtaining volatile methylated 
derivatives. 

The one feature of the early work that suggested that mass 


spectrometry might be useful for peptide sequencing was the: 


observation of fragmentation at the peptide bond*?. This 


‘sequence ion’ formation, first observed for acyl peptide esters, | 


is an even more pronounced fragmentation pathway when the 
amide bond is methylated, as in the permethylation reaction. 
Recognition of this important fragmentation pathway is not, 
however, sufficient for the successful interpretation of the mass 
spectrum; often the true molecular ion is not present, and other 


peptide sequence assignment go well beyond simple recognition 
of ‘sequence ions’, often to an understanding and 


‘recognition of every ‘signal in the spectrum. This degree of 


sophistication has been generated by the study of hundreds of 
peptides in protein sequence analyses so that valuable sequence 
information can now be obtained from spectra, the inter- 
pretation of which might well have been abandoned 10 years ago 
because of ‘ambiguous’ assignments. 


Strategy 

Strategy is crucial to the ultimate success of mass spectrometric 
determination of biological structures. For example, should one 
use ‘classical’ enzymes, like trypsin, for an initial digestion of the 
protein followed by purification of all the peptides and rediges- 
tion of the larger ones? What purification methods will be 
compatible with mass spectrometry? Is it better to purify the 
peptides or their derivatives? And what derivatives should be 
made? Is it best to use high resolution, low resolution, electron 
impact or chemical ionization? Some of these questions are 


_ interrelated; for example, the initial choice of a dipeptidy] 


Qt $n ree Se I Phe 


Ac Alo 
128 
AG. hy a et 


114 


229 282 
---AspThr 


242 


171 199 


200 300 





Glu 
x25 


--AspThrlys/ 
40 475 585 


\ 


x25 


intensity 


Relative 


- AspThrLysMet Leu 
mM e- 


314 


se cnertnanenrnaannninnareinreecener nerd 


-- AspTheLysMet 





aminopeptidase (cathepsin) digest would exclude the produc- 
tion of derivatives by permethylation and would probably lead 
to gas chromatography-mass spectrometry (GC-MS) separa- 
tion and identification of dipeptides. Such procedures have been 
developed’* but have not yet been applied to proteins of 
unknown structure. Other GC-MS methods which have been 
developed include the examination of mixtures of small peptides 
as ae permethyl derivatives’® or as polyamino alco- 
hols 

The most widely applied mass spectrometric method used to 
date has „peen low resolution direct probe analysis of peptide 
mixtures*’, The great advantage of this approach is that it can 
deal effectively with mixtures of all sizes of peptide from 2 to 15 
residues and above. The ability to sequence unambiguously a 
mixture of peptides is unique to mass spectrometry”, but the 
significance of this statement is only grasped when one realizes 
that the isolation and preparation of individual purified peptides 
is the rate determining step in any classical protein sequencing 
method; even when using an automated spinning cup sequencer, 
rarely more than 50-100 amino acids can be placed in sequence 


356 Fig. 2 A typical mass. spectrum from the partially 


purified elastase digest of DHFR, at a source tempera- 
ture of 240 °C. The assignment of major sequence ions is 
given, together with a sequence derived from N-C 
cleavage at aspartic acid. The latter assignment was 
made by working from high to low mass in the spectrum, 
looking for amino acid mass differences and expected 
fosses {for example, methanol from Ser or Thr) until — 
m/e 242. Since m/e 242 loses methanal to m/e 210, it 
must contain either a Ser or Thr, 242 minus serine (115 
mass units) is 127-~a meaningless N-terminal signal; . 
however, 242 minus threonine (129 m.u.) is 113, which 
although not an abundant fragment (not well stabilized), | 
is assigned to N-C cleavage at Asp, thus generating the 
sequence Asp-Thr-Lyr-Met-Leu. This, and the other 
sequences shown, were extended to higher mass at 
higher source temperatures’. 
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_ by. atudyitg the intact protein. Mixture a provides a much s l eap 
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ete the paie one Ea a nehod of produce 
s of less than about 1,500 molecular mass. Cathepsins . ae to ae ee ee 
used’*, but they generate dipeptides, thus destroying the alee eee greene: -Ala~Al aa ae. 


ble ‘overlap’ information present in larger peptides. In 
- contrast, trypsin or chymotrypsin may produce fragments too 
= arge for the mass spectrometer, and acid hydrolysis leads to loss 
- of amides and other possible complications. It is best, therefore, 
to use nonspecific proteases, such as thermolysin’, elastase’” or 
-subtilisin?®, which produce small peptides: (2-15 residues) of 
ideal. size for mass spectrometry. 

The overall strategy developed is well illustrated by the study 

of the sequence of dihydrofolate reductase from methotrexate- 
resistant Lactobacillus casei. Here several digests were utilized, 
including elastase: and. subtilisin, and the large cyanogen 
bromide fragments: isolated, to. e Cm and pee the many 
É peptides produced into a final sequence” 
“Peptide digests are separated. by only. one » cation exchange 
| column step, the effluent being screened analytically by high 
voltage paper electrophoresis before pooling of peptide mixture 
fractions, and derivatization. A typical spectrum from the elas- 
tase digest, together with its. interpretation, is seen in Fig. 2. 

Dihydrofolate reductase is the first protein of unknown struc- 
ture to be fully sequenced by mass spectrometry. without the aid 
of classical methods. Interestingly, with a molecular mass of 
18,000 this must be the largest molecule ever to have had its 
structure determined. by mass spectrometry’. 

New developments in computer. automation. of the inter- 
pretation of mass spectra—at present a skilled task—promise to 
reduce the time required to sequence a 20,000 dalton protein to 
about two man months. That, combined with the fact that in 
experienced hands one needs only 5-30 nmol of a peptide to 
sequence it, makes mass spectrometry both a complementary 
approach and a highly competitive alternative to classical tech- 
niques of protein sequencing, regardless of whether one chooses 
the GC-MS method’*"* or the direct probe analysis method*”. 


| Glycopeptide analysis 


Although glycopeptides are increasingly being recognized as an 
important group of substances, the determination of their struc- 
tures has proven to be an especially difficult problem. It is 
difficult in that the structures are complex, demanding informa- 
tion on (1) protein sequence, (2) carbohydrate sequence, (3) 
nature of protein-carbohydrate linkage, for example O-gly- 
_ cosidic to serine, (4) nature of saccharide~saccharide linkage, for 
example 1—4, 1-3, and (5) configuration of linkage(s). In seeking 
such information, mass spectrometry offers the great advantage 
that it does not suffer from restrictions of compound class. as do 
chemical approaches to the structure; given the normal 
difficulties encountered with any polar molecule, mass spec- 
trometry can provide information on both the carbohydrate and 
protein structure from the same experiment. For example, it was 
necessary to study only two derivatives of AF8, an ‘antifreeze’ 
glycopeptide isolated from Antarctic fish blood plasma’’, to 
obtain information on each of the first four points above. 

The peptide sequence of AF8 was established by studying the 
electron impact (N-terminal) and chemical ionization (C- 
terminal) spectra of an acetyl permethy! derivative of the gly- Ste ke 

-< copeptide. The spectra showed evidence of heterogeneity in Fig. 3 a, The structure 
_ several positions of the 14-residue peptide sequence (Fig. 3a), impact, chemical ionizat 
_-and the points of attachment of carbohydrate were clearly Ser 
. visible by the assignment of dehydrothreonine, formed by £- a a mores af by ti aes shown. 
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elimination of carbohydrate during addition of the base in the 
permethylation reaction. Without any necessity for pre-separa- 
tion, the eliminated permethy! carbohydrate was observed at a 
different source temperature (fractional distillation) and the 
sequence assigned as hexosyl-acetamidohexosamine. Inter- 
pretation of linkage between saccharides is normally based upon 
relative abundances of fragment ions which are much more 
pronounced in pertrimethylsilyl?* rather than permethyl 
derivatives. In a separate experiment, the carbohydrate was 
eliminated from the peptide using sodium hydroxide, and again 
without any purification or separation, a trimethylsilyl deriva- 
tive was prepared. Comparison of the spectra produced with 
those of standard 1-4 and 1-3 linked carbohydrates allowed an 
assignment of a 1-3 linkage in the amino disaccharide (Fig. 3a). 

The potential of mass spectrometry in glycopeptide analysis is 
further illustrated by exploratory work on known structures? ?* 
and on the unknown glycopeptide portion of the blood coagula- 
tion zymogen prothrombin”. Here, considerable information 
has been derived from one of the glycopeptides of molecular 
weight 4,500 (ref. 25). N,O-permethy! derivatives of the intact 
glycopeptide and its degradation products have been studied to 
characterize a number of sequences containing up to 10 sac- 
charide units. Interestingly, several of the signals obtained in the 
spectra are very diagnostic of certain unusual saccharide units, 
and for example, have given conclusive evidence (via the 
presence of m/e 406 and 374) of the presence of N-glycolyl- 
neuraminic acid in the prothrombin glycopeptide” (see Fig. 35). 


Slow-reacting substances 


Because of its independence of compound class, mass spec- 
trometry is particularly well suited to the investigation of 
compounds whose structure is completely unknown. As long as 
a spectrum can be obtained, it may well suggest the presence of 
certain units in the structure. More importantly, the complete 
structure (usually with the exception of stereochemistry) may 
be deduced by interpretation of the fragmentation pattern in 
conjunction with the observed molecular weight (from the 
molecular ion). : 

A recent example concerns the structure elucidation of a 
slow-reacting substance (SRS) and its close relative, slow reac- 
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ting substance of anaphylaxis, SRS-A**, which is a mediator 
released from lung on antigen challenge, and believed to give 
rise to allergic bronchospasm (asthma) in man. 

The structures of these pharmacologically similar substances 
have remained unknown since their discovery some 40 years 
ago’’. Chemical clues have been uncovered (for example the 
probable incorporation of arachidonic acid and cysteine by 
radio-labelling experiments’*), but these have been unconvinc- 
ing because of the lack of purity of the preparations, and 
attempts to define the structures of SRSs have relied upon 
degradative experiments which are inevitably open to ques- 
tion”. Recently, following the earlier development of an HPLC 
purification procedure for SRS-A and the demonstration of its 
UV spectrum*®, the structures of SRS and SRS-A have been 
determined, based on the first mass spectra of derivatives of the 
intact molecules*'**. The SRS spectrum is shown in Fig. 4a. 
Definitive statements about the structure can now be made 
because of the exact physicochemical measurements available 
from the mass spectrum. For example, the molecular weight 
greatly reduces the number of structural possibilities, parti- 
cularly since we can define this to five decimal places thus giving 
the atomic composition of this SRS. We can, however, go much 
further and use the fragmentation pattern of the molecule to 
define unambiguously the respective positions of certain struc- 
tural features in the molecule. A detailed interpretation would 
not be appropriate here but some guidance is given in Fig. 4. In 
this way, we can show that SRSs form a novel class of ‘peptidol- 
ipid’*'“? and, in particular, SRS from rat basophil leukaemia 
cells and SRS-A from guinea pig lung are assigned the structure 
shown in Fig. 4b, and do not correspond to the recently revised 
structure of another SRS, termed leukotriene C**. Human lung 
SRS-A has previously been shown to co-chromatograph with 
guinea pig lung SRS-A™, strongly suggesting that this also is the 
dipeptidy! structure shown in Fig. 4b. 

Thus the mass spectrum can give a confidence of structural 
assignment on very small quantities of material (the above work 
was accomplished using less than 10 wg total material) in a 
manner unparalleled by any other physical or chemical tech- 
nique. Importantly, the mass spectrum also shows what is not 
present in the structure; for example, we can say that neither the 
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Fig.4 a, The first mass spectrum of a slow reacting substance (SRS), as the trimethylsilyl ether of the N-acetyl, methyl ester derivative’. Analytical protein chemical 
data together with experiments on the destruction of biological activity had indicated the presence of a primary @-amino group in SRS and SRS-A : The molecule ; 
was therefore located and differentiated from background by preparing the LI (7H,:H,) acetyl derivative of the unknown. The doublet signals found in the spectrum 
allowed unambiguous location of those ions corresponding to the unknown SRS, showing a molecular ion at m/ e 638 and associated losses of CH, and OCH, at 

- m/e 623 and 607 respectively. Signals at m/e 404, 405 and 314, 315 (loss of TMSOH) are diagnostic for the peptide attachment {CoS bond} and the 
arachidonate-derived portion of the molecule. b, The structure of the major SRS*' from rat basophil leukaemia cells (RBL-1) and of SRS-A** from guinea pig lung, 
deduced from the above spectrum and associated data to be 5-hydroxy-6-cysteinyl-glycinyl-7,9, 11,14-eicosatetraenoic acid. The mass spectrum does not define 


stereochemistry. 





Nature Vol. 286 31 July 1980 








Fig. $ The negative chemical ionization (NCI) 
spectrum of 1 nmol of leucine enkephalin as the 
N-heptafluorobutyryl permethyl derivative (A. 
„Buko, D; F. Hunt, M. Judkins and H.R.M., unpub- 
“lished work). The spectrum shows the increased 
-felative abundance of high mass signals compared 
with typical EI or CI spectra (no amplification 
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RBL-SRS nor the lung SRS-A contain a glycineamide or 
sulphoxide which would be difficult to discount by chemical or 
enzymatic methods. Similarly we can say that they do not 
contain a sulphate moiety, widely expected from the results of 
destruction of biological activity by aryl sulphatase, reported in 
the literature. 


New and novel amino acids, and 
‘blocked’ proteins 


Another important area of biochemistry in which mass spec- 
trometry is playing a significant role is in the study of enzymatic 
regulation and control in the blood coagulation system. 

As with the SRS study above, perhaps the most obvious 
strength of the mass spectrometric method is in the area of new 
structures, where no reference compounds exist with which to 
make a classical interpretation. Just such a situation arose quite 
surprisingly in 1974 from a sequence study of one of the blood 
coagulation zymogens, prothrombin. The outcome of this work 
was the di f anew amino acid, y-carboxyglutamic acid 
(Gla), and its se uence 
region of prothrombin***. This amino acid was missed in 
classical sequencing procedures (in fact it was assigned as 
ordinary glutamic acid) due to a ready decarboxylation during 
Edman degradation or hydrolysis in the dansyl procedure. 

Since this discovery, there has been considerable interest in 
the function and occurrence of Gla. In the original work on the 
identification of Gla, two unique mass spectrometric signals and 
two unique mass differences were established. These are diag- 
nostic for the new amino acid and the observation of these 
signals in a mass spectrum allows a definitive assignment not just 
of the presence of Gla in a peptide but also of its exact location in 
the sequence*®. Thus a recent study of the N-terminal portions 
of factors X, and X- (derived by activation of the zymogen factor 
X) has shown each to contain 12 Gla residues and the two 
sequences to be identical”. 

It should be clear from an understanding of the methods 
discussed earlier, that the assignment of novel amino acids, such 
as N-methyl lysine, in a peptide sequence reduces to an almost 
trivial problem. The use of perdeutero-methyl iodide in the 
permethylation reaction will allow assignment of natural methyl 
groups simply by counting the mass spectrum (normal lysine 
would have a mass of 204 mass units, whereas N-Me lysine 
would have a mass of 201 mass units). 
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Deuterated reagents may also be used to define the presence 
(or absence) of blocking groups on proteins or pept ides. There 
are now a number of examples in the literature’ “oss, including a 


method for use on proteins’, which obviates the. necessity for 
isolation of the blocked N-terminal peptide. 


Neurochemistry 

Mass spectrometry is playing an increasingly important part in 
studies on neuropeptides isolated, inevitably in very small 
quantities, from the central nervous system. Not only the quan- 
tity but also the purity may be inadequate for classical structural 
determination and, furthermore, the ccnfidence in sequence 
assignment normally associated with protzin sequence studies is 
not available when the sample is not necessarily of protein 
origin, and, therefore, may have unusua amino acids, unusual 
linkages or even may not be a peptide at all. 

Such a situation occurred in the study of enkephalin, where 
amino acid analysis, gel column and e ptrophoretic: data aid not 
correlate well with the partial se tained by the 
dansyl-Edman method, and re ; scence 
measurement raised the further possibili= y of; a modified” ine 
tophan in the molecule* . Usin the mass spectrometric methods 
developed for protein sequence: analysis, it proved possible to 
identify two enkephalin pentapeptides, Tyr-Gly-Gly-Phe-Met 
and Tyr-Gly-Gly-Phe-Leu®;.. nce the mass spectrometric 
sequence assignment had been made. and the tryptophan 
analogue discounted, then the classica. data were found to 
correlate reasonably well with this interpretation. 

A number of biologically active neuropeptides have been 
shown to possess blocked structures, and these pose consider- 
able problems for classical methodology, but fewer problems for 
mass spectrometry since free peptides would be ‘blocked’ before 
study by making derivatives. The diference in ‘degree of 
difficulty’ is really quite remarkable here when we consider that 
the pioneering work on the structure elucidation of thyrotropin 
releasing hormone (TRH) took some 10 years, and even 
today the structure of this simple blockec tripeptide would pose 
very considerable problems for the protein chemist to define, as 
an unknown. By contrast, the presence of blocking groups 
actually assists in the mass spectrometric investi; tion since the 
formation of a enval for: st an a smell | 10 longer 
require 
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example of this type of problem is the study of adipokinetic 
hormone*’, isolated from locust and responsible for lipid mobil- 
ization during flight. The mass spectrum of a permethyl deriva- 
tive of adipokinetic hormone showed a pyrrolidone carboxylate 
group (m/e 98 and 126) blocking the N-terminus, and a signal at 
m/e 428 was interpreted as arising from a C-terminal amide: 
... Trp-Gly-Thr-NH2. The total structure was assigned as a fully 
blocked decapeptide, PCA-Leu-Asn-Phe-Thr-Pro-Asn-Trp- 
Gly-Thr-NH>, and was the first peptide hormone of insect 
neuroendocrine origin to be completely characterized. 


New developments 


Several new technical developments promise to improve the 
analytical value of mass spectrometry still more. Space does not 
permit a detailed discussion, but briefly the areas covered 
include ionization techniques giving molecular weight informa- 
tion on underivatized peptides and glycopeptide antibiotics*°*' 
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(field desorption), new approaches to improve sensitivity of 
detection based upon negative chemical ionization'**, and 
developments in magnet technology which have already led to a 
tripling of the effective mass range of the mass spectrometer at 
full sensitivity, to over m/e 3,000. The potential of negative 
chemical ionization in the neurochemical area is illustrated in 
Fig. 5 showing the spectrum of a Leu-enkephalin derivative, 
illustrating the derivation of full sequence information at the 
I nmol level. 

Thus mass spectrometry is of growing value in the deter- 
mination of the structure of compounds of biological interest. It 
is already the method of choice in some cases and is likely to 
become so in others as the technique develops. In combination 
with procedures such as high pressure liquid chromatography 
which can separate picomolar quantities of peptides****, mass 
spectrometry promises to allow the solution of further important 
chemical and biochemical problems, only just beyond the scope 
of present technology. 
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Evidence for differential intracellular localization 
of the Acanthamoeba myosin isoenzymes 
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The three myosin isoenzymes of Acanthamoeba castellanii coexist within a single cell and the native molecules probably 
have the same unusual polypeptide composition as the isolated enzymes. The two myosin I isoenzymes seem to be 
preferentially localized near the plasma membrane while myosin II seems to be much less concentrated near the plasma 
membrane than elsewhere in the cytoplasm. 





a pair of heavy chains of molecular weight (MW) ~200,000 and 


ACTIN and myosin provide the molecular basis for the diverse 
i ; two pairs of light chains with MWs of about 20,000 and 16,000. 


motility activities @f eukaryotic cells’. Actins from muscle and 


non-muscle cells are very similar in structure and properties and 
almost all of the myosins are also structurally similar, containing 


Because these non-muscle myosins can also self-assemble into 
bipolar filaments, it is widely, and not unreasonably, assumed 
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Fig. 1 Specificity of the reactions of the Acanthamoeba myosin 
heavy chain antibodies with polypeptides of whole amoebae. A 
centrifugal pellet of intact Acanthamoeba castellanii (0.1 ml) was 
boiled for 20 min in 3 mi sampie buffer® containing 1% SDS, 5 mM 
EGTA, 5mM EDTA, 0.5 mM phenylmethylsulphony! fluoride 
and 0.1 mM pepstatin. Aliquots of 75 ul each were applied to 
multiple lanes of 5.6% polyacrylamide slab gels and electro- 
phoresed according to Laemmli’. The polypeptides in one lane 
were stained with Coomassie blue and the polypeptides in the other 
lanes were transferred to diazobenzyloxymethyl paper as described 
in the text. The paper was cut into strips corresponding to indivi- 
dual lanes which were then exposed to one of four rabbit IgG 
fractions (1:50 dilution) and '*"I-labelled protein A (1 x 10° c.p.m. 
per lane) as described in the text. Autoradiographs were exposed 
for 18h using Kodak no screen X-ray film NS2T. Lane a, 
Coomassie blue stained polypeptides; lane b, non-immune IgG; 
lane c, anti-myosin IA heavy chain IgG; lane d, anti-myosin IB 
heavy chain IgG; lane e, anti-myosin H heavy chain IgG. The MWs 
of the radioactive bands in lanes c, d and e are 130,000, 125,000 
and 170,000, respectively, relative to standards applied to the same 
gels, and their electrophoretic mobilities were identical to those of 
the heavy chains of the corresponding purified myosins on the same 
gels. Broad smears of apparent labelling (as in lane d) are common 
but irreproducible occurrences 1? Occasionally, minor degrada- 
tion products of the heavy chains were detected. 


Fig. 2 Indirect immunofluores- 
cence assay of the reaction of Acan- 
thamoeba castellanii (Neff strain) 
with myosin heavy chain antibodies. 
Cells were allowed to adhere to clean 
glass slides and were fixed with 5% 
formaldehyde in phosphate- 
buffered saline (PBS) for 30 min and 
then treated with cold (-20°C} 
acetone for 5 min. They were then 
sequentially treated with non- 
immune IgG in PBS, one of the 
specific antisera (1:200 dilution in 
PBS containing 1% bovine serum 
albumin (BSA)) and rhodamine- 
labelled goat anti-rabbit IgG (1: 200 
dilution in PBS containing 1% 
BSA). The cells were washed in 1% 
BSA in PBS between each treat- 
ment. Cells were photographed 
under phase contrast and fluorescent 
microscopy at the same magnifica- 
tion. All fluorescent microscopy 
photographs were made with 30s 
exposure and were printed identi- 
cally. Frames a-d are phase contrast 
and e-h are fluorescent micrographs 
of cells reacted with: a, e, non- 
immune IgG; b, f, antimyosin IA 
heavy chain IgG; c, g, anti-myosin IB 
heavy chain IgG; d, h, anti-myosin II 
heavy chain IgG. Scale bar, 40 um. 


that a sliding filament mechanism analogous to that responsible 
for contraction of skeletal muscle is responsible for activities 
such as amoeboid movement, cell division and phagocytosis in 
non-muscle cells. 

The three myosin isoenzymes isolated from Acanthamoeba 
castellanii (Neff strain) are the only known apparent exceptions. 
As isolated, Acanthamoeba myosins IA and IB*~ are both 
single-headed enzymes of MW about 150,000-180,000. Myosin 
IA contains a heavy chain of ~130,000 MW and light chains 
with MWs of about 17,000 and 14,000, while myosin IB 
contains a heavy chain of ~125,000 MW and light chains with 
MWs of ~27,000 and 14,000. Both enzymes seem unable to 
form bipolar filaments’. A third myosin isoenzyme, Acan- 
thamoeba myosin II, is structurally more conventional®’ and 
can form bipolar filaments in vitro’. It is a double-headed 
molecule with a pair of heavy chains of about 170,000 MW and 
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two pairs of light chains of about 17,500 end 16,000 MWs, fora 
native MW of about 400,000. We have shown by peptide 
mapping and immunochemical analysis that the three Acan- 
thamoeba myosin isoenzymes are products of different genes. 

Because of the unusual structure of twc of the Acanthamoeba 
myosin isoenzymes and because no other non-muscle cell has 
yet been shown to contain more than one species of myosin, we 
thought it important to establish: (1) if the isolated enzymes are 
in their native forms; (2) if the isoenzymescoexist in a single cell, 
and (3) whether the myosin isoenzymes are differentially local- 
ized within the cell. We have now obtained affirmative answers 
to ail three questions through the use of specific antibodies 
raised against the isolated heavy chains of the three myosin 
isoenzymes. The differential localizations òf the isoenzymes 
raise the interesting possibility that the diferent myosin species 
serve specific and different motility funct:ons, and the unusual 
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Fig. 3 Differential localization of myosin isoenzymes by indirect 

immunofluorescence. This experiment was identical to that 

described in Fig. 2. Frames a-d, phase contrast; e-h, fluorescence; 

a, e, non-immune IgG; b, f, anti-myosin IA heavy chain IgG; c. g, 

anti-myosin IB heavy chain IgG; d, h, anti-myosin H heavy chain 
IgG. Scale bar, 10 wm. 


physical properties of the myosin I isoenzymes suggest that some 
of these functions might not involve the classical sliding filament 
mechanism. 


Preparation of heavy chain antibodies 


Previously’, we had raised antibodies against the isolated 
myosins. Although the enzymes were highly purified, they were 
contaminated by small amounts of other amoeba proteins, 
which might also have elicited sufficient antibodies to make 
those antisera inappropriate for cytochemistry. Therefore, 
monospecific myosin heavy chain antibodies were prepared as 
follows. Highly enriched preparations of Acanthamoeba 
myosins IA, IB and H were obtained by direct immunoprecipi- 
tation with the appropriate antibodies previously ratsed against 
the isolated enzymes. The immunoprecipitates were separated 
by electrophoresis” on SDS-5.6% polyacrylamide slab gels and 
the gels were stained lightly with Coomassie blue. In each case’, 
enly a single major band, corresponding in mobility to the 
130,000, 125,000 and 170,000-MW heavy chains of myosin IA, 
IB and H, respectively, was present above the dye front. These 
bancs were cut out, washed, sonicated and injected into rabbits 
to elicit specific antibodies against each of the three heavy 
chains. Prepared in this way, the only possible contaminating 
antigens from the amoebae would be molecules which were 
precipitated from the amoeba extract by the antibody raised 
against the whole myosin and which also co-migrated elec- 
trophoretically with the myosin heavy chain. Such coincidence ts 
unlikely. Immune and non-immune sera were precipitated with 
45% ammonium sulphate and the IgG fractions were dissolved 
in phosphate buffered saline. 


Specificity of heavy chain antibodies 


We tested, in the same experiment, both the specificity of the 
three myosin heavy chain antisera and the possibility that higher 
molecular weight forms of the heavy chains might exist in the 
amoebae. Whole amoebae were boiled in 1% SDS containing 
several inhibitors of proteolytic enzymes and multiple identical 
samples were separated by SDS-polyacrylamide slab gel elec- 
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trophoresis. One lane was excised and stained for polypeptides 
with Coomassie blue while the polypeptides in the duplicate 
lanes were transferred to diazobenzyloxymethy! paper’. The 
paper was cut into individual lanes which were incubated with a 
large excess of either non-immune sera or one of the specific 
myosin heavy chain antibodies followed by '**I-protein A (ref. 
10) and the positions of the bound antibodies were located by 
autoradiography. 

The antibodies raised against the isolated heavy chains of 
myosin IA, IB and H reacted exclusively (Fig. 1) with poly- 
peptides of molecular weights corresponding exactly to those of 
the heavy chains of the purified enzymes: 130,000, 125,000 and 
170,000, respectively. Similar results have been obtained in 15 
to 20 experiments including some in which the polypeptides 
were reacted with the antisera on the polyacrylamide gel without 
transfer to the paper. Occasionally, minor degradation products 
of the myosin heavy chains were detected but never a poly- 
peptide of higher molecular weight than that of the heavy chains 
of the purified myosins. Degradation products were never 
detected when extracts of amoeba, rather than whole cells, were 
analysed, probably because the lysosomal proteases were 
removed before addition of SDS. To demonstrate that, if it were 
present in the amoebae, a polypeptide of the size typical of the 
heavy chains of other myosins would have been detected, we 
mixed pure chicken pectoralis muscle myosin with a sample of 
the amoebae just before they were added to the SDS solution. 
The undegraded 200,000-MW heavy chain of the chicken 
myosin was readily detected using its specific antibody, These 
experiments, therefore, provide strong evidence that the cells do 
not contain immunologically cross-reactive higher molecular 
weight forms of the heavy chains of Acanthamoeba myosins IA, 
IB and II. 





Fig. 4 Immunocytochemical localization of myosin isoenzymes. 
Sections (1 um) were reacted with specific antisera (1: 250 dilution) 
and subsequently with the peroxidase~-anti-peroxidase system as 
described in the text. All micrographs were photographed and 
printed under identical exposures. Frame a, non-immune IgG; 4, 
anti-myosin IA heavy chain IgG; c, anti-myosin IB heavy chain 
IgG; d, anti-myosin H heavy chain IgG. Scale bar, 40 pm. 
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Fig. 5 Indirect immunofluores- 
cence assay of isolated plasma $ 

membranes. Suspensions of purified e A 
plasma membranes” were fixed for 

30 min with 3.7% formaldehyde and +, 
then reacted with specific antisera 
(1:50 dilution) followed by | ; a $ 
rhodamine-labelled goat anti-rabbit ; 
IgG (1:200 dilution). The | Fi 
membranes were then applied to 
slides and the same fields were pho- 
tographed under phase contrast (a- 
d) and fluorescence (e-h). Exposure 
time was 20 s and all the fluorescent 
micrographs were printed under 
identical exposures. Non-immune 
IgG (a,e); anti-myosin IA heavy 
chain IgG (6,f) anti-myosin IB 
heavy chain IgG (c, g); anti-myosin 
II heavy chain IgG (d, h). Scale bar, 

40) um 





Myosin isoenzymes occur in the same cells 


The data shown in Fig. 1 demonstrate that the antibodies to the 
myosin heavy chains could be used in cytochemical experiments 
to detect myosin II and the two myosin I isoenzymes in the 
presence of each other and without interference by other 
amoeba proteins. Although the antibodies to myosin IA and IB 
heavy chains also did not seem to cross-react (Fig. 1, lanes c, d), 
we were not certain that we could selectively detect myosin IA 
or IB in the presence of the other because previous antisera to 
the purified intact myosins IA and IB did cross-react” and 
because direct inspection of some of the autoradiograms 
obtained with antibody to myosin IA heavy chain indicated 
slight reaction with the 125,000-MW heavy chain of myosin IB. 

We used the indirect immunofluorescence method to deter- 
mine if each of the Acanthamoeba myosin isoenzymes occurs in 
every cell. Amoebae were allowed to crawl on clean glass 
slides'?. The cells that adhered were fixed with formaldehyde 
and made permeable to antibodies by treatment with cold 
acetone. Cells were then exposed to antibodies to either myosin 
[A heavy chain, myosin IB heavy chain or myosin II heavy chain 
followed by rhodamine-labelled goat anti-rabbit immuno- 
globulin'*. The same fields of cells were photographed at low 
magnification (x160) under phase contrast (Fig. 2a-d) or 
fluorescence (Fig. 2e-h) microscopy. As every cell on all of the 
slides was fluorescent irrespective of which of the three specific 
antisera was used, all the cells must have contained myosin II 
and at least one, but probably both, of the myosin I isoenzymes. 


Intracellular localization of myosin 
isoenzymes 


In Fig. 2, the fluorescent image of every cell exposed to the 


antibodies to myosin IA and myosin IB heavy chains is the same 


size as the corresponding phase contrast image (Fig. 2, / 


compared with 6 and g compared with c), whereas the 
fluorescent image of every cell exposed to the antibodies to 
myosin II heavy chain is smaller than the corresponding phase 
contrast image (Fig. 2, h compared with d). The reason for this 
difference can be seen at higher magnification, as in Fig. 3. 
Antibodies to myosin IA and IB heavy chains were bound more 
intensely at, or near, the plasma membrane than elsewhere in 
the cell (Fig. 3f, g) and, therefore, the fluorescent images of the 
cells have the same overall dimensions as the phase contrast 
images (Fig. 3b, c). On the other hand, the periphery of the cell 
and the cytoplasmic region adjacent to the plasma membrane 
reacted much less well with antibodies to myosin II heavy chain 














than did the rest of the cytoplasm (Fig. 3h). As a result, the 
fluorescent image of the cell is smaller than the corresponding 
phase contrast image (Fig. 3d). Therefore, the myosin I iso- 
enzymes seem to be more concentrated at or near the plasma 
membrane, from where myosin II is mostly excluded. No reac- 
tion was detected with any antisera unless the cells were made 
permeable; none of the antigenic sites, therefore, is on the 
external surface of the amoeba. 
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Fig.6 Reaction of Acanthamoeba myosin heavy chain antibodies 
with plasma membrane polypeptides. Isolated plasma membranes 
of Acanthamoeba castellanii (Neff) were analysed identically as 
described for whole cells except that 7.5% polyacrylamide gels 
were used. Lane a, Coomassie blue stained polypeptides; lane b 
non-immune IgG; lane c, anti-myosin IA heavy chain IgG: lane d, 
anti-myosin IB heavy chain. The autoradiograms (lanes b and d 
were overexposed to detect the very low reaction with myosin II 
heavy chain and, therefore, minor degradation products of some ol 
the heavy chains and nonspecific smears, may be detected in 
addition to the major bands. The major bands,in lanes c, d and « 
are at the exact positions of the heavy chains of the respective 
purified myosins which were applied as standards to the same 
slab gel 
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Additional evidence for the differential localization of Acan- 
thamoeba myosins I and II was obtained by an independent 
immunochemical method. Transverse sections of cells fixed in 
glutaraldehyde and embedded in polyethylene glycol'* were 
exposed to one of the three specific antisera and incubated with 
goat anti-rabbit immunoglobulin followed by rabbit anti- 
peroxidase immunoglobulin coupled to horseradish peroxi- 
dase’. The position of the bound peroxidase was determined 
cytochemically by incubation for 30 min with the peroxidase 
substrates, diaminobenzidine and hydrogen peroxide. When 
antibodies to myosin IA and IB heavy chains were used (Fig. 
4b,c), the cell boundary was intensely stained with brown 
reaction product, and the cytoplasm was diffusely stained, the 
antibodies to myosin II heavy chain resulting in only diffuse 
staining of the cytoplasm (Fig. 4d). 


Myosins of isolated plasma membranes 


By indirect immunofluorescence, isolated plasma membranes'® 
were found to react with antibodies to myosin IA and IB heavy 
chains (Fig. 5f, g) but not with antibodies to myosin II heavy 
chain (Fig. 54). Myosin IA and myosin IB were also concen- 
trated in the isolated plasma membranes as determined by 
specific staining of SDS-polyacrylamide electrophoretic gels. 
The intensity of the radioactive labelling of the 130,000- and 
125,000-MW polypeptides of myosin IA and IB was very much 
greater than the barely detectable labelling of the 170,000-MW 
myosin II heavy chain (Fig. 6), in contrast to the essentially 
equivalent labelling of the three polypeptides in electrophoretic 
gels of the whole amoebae (Fig. 1). Also, the absolute intensity 
of labelling of the 130,000- and 125,000-MW peptides was very 
much greater for the plasma membranes (Fig. 6) than for whole 
amoebae (Fig. 1), although the same amounts of protein were 
applied. Both myosin I isoenzymes, therefore, were enriched in 
the isolated plasma membranes in comparison with myosin II 
and also relative to their own concentrations in the whole 
amoebae. 


Conclusions 


From the data in this and previous papers from our laboratory, 
we conclude that Acanthamoeba castellanii (Neff) contains 
three myosin isoenzymes: single-héaded myosins IA and IB and 
double-headed myosin II having heavy chains of the unusually 
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low MWs of 130,000, 125,000 and 170,000, respectively. The 
myosin I isoenzymes seem to be preferentially localized at or 
near the plasma membrane while myosin II seems to occur 
mainly, if not exlusively, deeber in the cytoplasm. We do not 
know if the myosin I isoenzymes are bound directly to the 
isolated plasma membrane or are associated with the actin 
filaments that lie immediately under the plasma membrane” 
and co-purify with the plasma membranes ®??, 

We must consider, of course, the possibility that the experi- 
mental data do not accurately reflect the distributions of the 
myosin isoenzymes in the living amoebae. When cells are fixed, 
soluble myosins might precipitate, or attach to actin filaments, in 
places where they do not normally occur, or myosins might be 
lost from cells during the subsequent steps of the cytochemical 
procedures. Similarly, myosin isoenzymes might differentially 
redistribute during the isolation of plasma membranes. 

However, although none of these possible sources of errors 
has been unequivocally eliminated, we think it unlikely that 
three entirely independent methods, fixation by formaldehyde, 
fixation by glutaraldehyde and isolation of plasma membranes, 
would have given the same misleading result. Moreover, myosin 
II is larger and less soluble than myosin IA and IB and all three 
purified myosins bind tightly to F-actin, which greatly stimulates 
their Mg’*-ATPase activities. There is no reason to suppose, 
therefore, that myosin II would be preferentially extracted from, 
or that myosins IA and IB would selectively and artefactually 
bind to, just that regidn of the cell which is particularly en- 
riched in actin filaments. Nonetheless, it is important that 
the observations in this paper be confirmed by independent 
methods. 

Finally, if the myosin I and II isoenzymes are, as we suggest, 
differentially localized, it is likely that they function in different 
cellular activities with the myosin I isoenzymes being involved in 
processes, possibly such as endocytosis, that occur at or near the 
cell surface. Because of the unusual physical properties of 
myosin IA and IB, their functions may involve actomyosin 
interactions of a type not previously proposed. 
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Surface activation of blood coagulation, 
fibrinolysis and kinin formation 
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The activation of plasma prekallikrein by single-chain factor XII has been studied in the presence of high molecular weight 
kininogen and kaolin. The data indicate that factor XII can initiate blood coagulation, fibrinolysis or kinin generation in the 
presence of kaolin and does so by converting prekallikrein to kallikrein. An enzyme cascade is then generated leading to the 
formation of fibrin, plasmin or bradykinin in three closely related physiological events. 


during the formation of plasmin in the surface-activated 
fibrinolytic system and the generation of kinin in the presence of 
a surface. 


THE initiation of the contact phase of blood coagulation by a 
surface, such as glass or kaolin, leads to an enzyme cascade 
resulting in fibrin formation™?. A similar enzyme cascade occurs 
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The molecular basis for the initiation of these three closely 
related processes has been difficult to explain as two of the 
proteins involved in the surface activation reaction, factor XII 
(Hageman factor, ref. 4) and prekallikrein”® (Fletcher factor), 
are present in plasma as zymogens to serine proteases. 
Furthermore, these two proteins have an unusual relationship to 
each other in that factor XII, converts prekallikrein to kalli- 
krein®?°, and kallikrein converts factor XII to factor XII, (refs 9, 
11-16). Thus, it has been difficult to determine whether factor 
XII. kallikrein or some other protein is responsible for initiating 
these cascade reactions. A third plasma protein, high molecular 
weight kininogen'”*° (HMW kininogen), stimulates the activa- 
tion of prekallikrein by factor XII, and the activation of factor 
XII by kallikrein”. HMW kininogen seems to function as a 
cofactor in these reactions. 


The role of factor XII and factor XII, 


Considerable attention has been directed towards factor XII as 
the principal protein involved in the surface activation of blood 
coagulation, fibrinolysis and kinin formation. Bovine and 
human factor XII are single-chain glycoproteins with molecular 
weights of about 74,000 (refs 27-29). The bovine preparation 
has no detectable esterase or amidase activity in the absence or 
presence of a surface, such as kaolin, dextran sulphate, or 
sulphatide***°. Furthermore, it shows very little reactivity 
towards serine protease inhibitors, such as diisopropyl fluoro- 
phosphate or antithrombin III and heparin, in the absence or 
presence of a surface. Bovine factor XII, is composed of a heavy 
chain (MW 46,000) and a light chain (MW 28,000), and these 
two chains are held together by a disulphide bond(s)*°. The 
two-chain protein has substantial esterase and amidase activity 
and readily activates prekallikrein®’ and factor XI, (ref. 32) by 
the cleavage of a specific internal peptide bond(s) in each of 
these proteins. Bovine factor XII, is also readily inhibited by 
diisopropyl fluorophosphate or antithrombin HI and heparin’. 
In contrast, single-chain human factor XII possesses amidase 
activity when previously exposed to ellagic acid-Sepharose”’. 
Human factor XII, however, reacts about 600 times more slowly 
with diisopropyl fluorophosphate than factor XII, in the 
presence or absence of kaolin™*. Accordingly, it has been 
suggested that factor XII may participate in the initiation of 
blood coagulation as a weakly active zymogen™*. In whole 
plasma, radiolabelled human factor XII was shown to be con- 
verted to factor XII, during the coagulation process*®. It was not 
established, however, whether the activation of factor XH was 
an initial or a secondary event in the contact activation reaction. 
Furthermore, it has not been clear from the various studies on 
human and bovine factor XII whether the single-chain molecule 
or the two-chain factor XII, participates as a catalyst in the 
initial reactions involving prekallikrein and HMW kininogen. 


Involvement of factor XII in factor XI 
activation 


Recently, Saito”* reported the activation of human factor XI 
(plasma thromboplastin antecedent) by factor XII in the 
presence of HMW kininogen and ellagic acid. No evidence was 
obtained to indicate that human factor XII was converted into 
lower molecular weight fragments during the reaction. We have 
studied the activation of bovine factor XI by single-chain bovine 
factor XII in the presence of sulphatide, dextran sulphate or 
kaolin plus HMW kininogen’’. In the latter experiments, factor 
XI (MW 124,000) was converted to factor XI, (MW 124,000) by 
the cleavage of an internal peptide bond in each of the two 
nearly identical chains of the precursor molecule. The bovine 
factor XII was converted to factor XII, in the latter portion of 
this reaction, however, by the newly generated factor XI, 
(ref. 32). Homogeneous preparations of bovine factor XI (ref. 
36), factor XII (ref. 27) and HMW kininogen”® were used in 
these studies. The activation of factor XI by factor XII provided 
direct evidence to support the concept that single-chain factor 
XII can act as a catalyst, but only in the presence of a highly 
specific substrate and a negatively charged surface. 
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Fig. 1 Time course for the activation of a, plasma prekallikrein and b, 
factor XI by factor XII or factor XI, in the presenes of HMW kininogen and 
kaolin. Factor XII or factor XII, (0.14 pg) was preincubated with HMW 
kininogen (0.4 ug) and kaolin (20 pg) for 5 min at 27 °C in 0.05 M Tris-HCl, 
pH 7.5, containing 0.1 M NaCl. Reactions were irutiated by the addition of 
prekallikrein (9 wg) or factor XI (9 pg). Incubations were carried out in 
siliconized glass tubes in a final volume of 0.1 wa. Aliquots (10 pi} were 
removed at various times and assayed for kallikrsin or factor XI. In the 
assay for kallikrein: amidase activity, the samples were added to 0.99 ml of 
0.05 M Tris-HCl, pH 8.0, containing 0.15 M NaCl. 10 mg per. mi polybrene, 
50 ug lima bean trypsin inhibitor, and 0.1 ml of 1.5 mM benzoyl-Pro-Phe- 
Arg-p-nitroanilide. The initial rate of amide hydrolysis was followed at 
37°C by the change in absorbance at 405 nm using a Gilford recording 
spectrophotometer. For the factor X1,: esterase activity, aliquots were 
added to a solution of factor XII antibody to stop the reaction and hydrolysis 
of tosyl-L-arginine- [*H]-methyl ester was followed in a Beckman scin- 
tillation counter (SL-100C) as previously described". The coagulation 
proteins were prepared from bovine plasma and æl were homogeneous by 
SDS-polyacrylamide gel electrophoresis. Protem concentrations were 
determined by absorption at 280 nm using an Eiso of 10.9 for prekallik- 
rein®’, 12.6 for factor XI (ref. 36}, 14.2 for factor XII (ref. 27) and the same 
value for factor XII,. Their specific activities in a clotting assay with their 
respective deficient plasmas were as follows: faror XJI (180u per mg), 
factor XIE, (280 u per mg), HMW kininogen 11 u per mg), plasma 
prekallikrein (60 u per mg), and factor XI (280 u >er mg). Factor MIE was 
treated with diisopropyl fluorophosphate (1 mM) at 37°C for 60 min to 
remove any traces of factor XIL, and the diisoprogy] fluorophosphate was 
removed by dialysis against the reaction buffer. e: ©, prekallikrein plus 
factor XII, HMW kininogen and kaolin; A, prekalikrein plus factor XIL, 
HMW kininogen and kaolin, W, prekallikrein plus HMW kininogen and 
kaolin: O, prekallikrein plus factor XIL b: @, factor XI plus factor XII, 
HMW kininogen and kaolin; A, factor XI plus facter XIL, HMW kininogen 
and kaolin; W, factor XI plus HMW kinincgen and kaolin. 


Activation of prekallikrein by factor XII 
and/or factor XII, 


In the present report, we describe the activation of bovine 
plasma prekallikrein by single-chain factor XII as well as factor 
XII, in the presence of HMW kininogen and kaolin. In these 
experiments, a homogeneous preparation of single-chain 
plasma prekallikrein (MW 82,000)” was used as substrate. This 
preparation of prekallikrein contained no detectable kallikrein 
or factor XII activity. Bovine factor XII or factor XIL, was added 
to optimum amounts of HMW kininogen and kaolin, and the 
activation reaction was initiated by the addition of prekallikrein. 
The factor XII or factor XII,-to-prekalliksein weight ratio was 
1:65. In these conditions, prekallikrein was rapidly converted to 
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kallikrein (Fig. la). The generation of kallikrein was measured 
by its amidase activity towards benzoyl-L-prolyl-L-phenyl- 
alanyl-L-arginine-p-nitroanilide. The initial rate of kallikrein 
generation was almost the same with either factor XII {open 
circles) or factor XIL (open triangles). No lag phase or sigmoidal 
curve was observed for the activation of prekallikrein by factor 
XIL A lag phase would be expected, however, if the conversion 
of factor XII to factor XII, were essential in this reaction. No 
activation of prekallikrein occurred in the absence of factor XII 
or factor XII, (solid squares). A small amount of activation 
occurred in the absence of kaolin (open squares). When pre- 
kallikrein was omitted from the reaction, no amidase activity 
was generated., 

To test for the possibility of an extremely rapid conversion of 
factor XII to factor XII, by kallikrein early in the activation 
reaction, the conversion of prekallikrein to kallikrein was 
studied using *H-labelled factor XII as the enzyme. These 
experiments are important because kallikrein readily converts 
factor XII to factor XII, and this reaction could greatly reduce 
any lag phase in the reaction if the activation of prekallikrein 
were catalysed only by factor XIL. The *H-factor XII was 
prepared by reductive alkylation by the procedure of Means and 
Feeney” using “H-NaBH, and formaldehyde. The *H-factor 
XII had the same clotting activity as the unlabelled protein and 
contained approximately 143,000 c.p.m. per wg. Furthermore, 
when a catalytic amount of kallikrein was used to activate 
*H-factor XII in the presence of kaolin, the generation of factor 
XII, esterase activity occurred in parallel with the disappearance 
of single-chain factor XII and the appearance of two-chain 
factor XIL. This was shown by SDS polyacrylamide gel elec- 
trophoresis of the reaction products in reducing conditions (data 
not shown). 


Activation of prekallikrein by factor XII 


A time course for the activation of prekallikrein by *H-factor 
XH in the presence of HMW kininogen and kaolin is shown in 
Fig. 2a. The rate of formation of kallikrein (open circles) was 
very similar to that shown in Fig. 1a, and no lag phase was 
observed, The activation of prekallikrein was also followed by 
SDS-polyacrylamide gel electrophoresis on a slab gel using the 
method of Laemmli”. In these experiments, samples were 
removed at various times during the activation reaction by factor 
XII and examined in the presence and absence of 2-mercap- 
toethanol. In the absence of reducing agent, prekallikrein 
appeared as a band of MW 82,000. This indicated that little, if 
any, change in the molecular weight of prekallikrein occurred 
during its conversion to kallikrein. A difference in the SDS- 
polyacrylamide gel electrophoresis pattern of the prekallikrein 
was observed, however, after reduction of the samples with 
2-mercaptoethanol. At zero time, prekallikrein appeared as a 
82,000-MW band. During the first few minutes of the activation 
reaction, three new, faster-moving bands appeared, including a 
heavy chain (apparent MW 52,000) and a light chain (apparent 
MW 38,000 or 33,000). The appearance of these bands as 
measured by densitometry (Fig. 2a, open triangles) occurred in 
parallel with the formation of kallikrein as measured by its 
amidase activity (Fig. 2a, open circles), These data indicate that 
bovine prekallikrein was converted to kallikrein by the hydro- 
lysis of an internal peptide bond in the single-chain precursor 
molecule in the presence of HMW kininogen and kaolin. The 
cleavage of bovine prekallikrein by factor XII is very similar to 
that reported earlier for human prekallikrein activated by 
human factor XII, fragments (ref. 10). The SDS-polyacrylamide 
slab gel was then prepared for fluorography*° and the amount of 
radioactivity present in *H-factor XII was determined. At zero 
time, the radiolabelled protein migrated as a single band 
(approximate MW 74,000) on SDS-polyacrylamide gel elec- 
trophoresis in the presence of 2-mercaptoethanol. As the °H- 
factor XI] was converted to *H-factor XII, by the newly 
generated kallikrein, the *H-factor XII, appeared as a heavy 
chain (MW 46,000) and a light chain (MW 28,000) in the 
presence of 2-mercaptoethanol. After 2.5 min, 35% of the 
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Fig.2 a, Time course for the activation of plasma prekallikrein by 
*H-factor XII in the presence of HMW kininogen and kaolin. b, 
The reaction in the presence of RVV inhibitor II, a serine protease 
inhibitor from Russell’s viper venom. °H-factor XII (0.84 ug) was 
preincubated with HMW kininogen (2.4 ug) and kaolin (120 ug) 
for 5 min at 37°C in 0.05 M Tris-HCl, pH 7.5, containing 
0.1 M NaCl. Reactions were then initiated by the addition of 
prekallikrein (55 ug) to give a final volume of 0.6 mi. Aliquots 
(10 pl) were removed at various times and assayed for kallikrein: 
amidase activity for the experiments shown in a. Samples (50 ul) 
were also subjected to SDS-polyacrylamide gel electrophoresis” 

in the presence of 5% 2-mercaptoethanol. The samples for elec- 
trophoresis were immediately added to sample buffer, boiled for 
1 min, and then analysed on a 10% polyacrylamide slab gel. After 
staining (Coomassie brilliant blue R) and destaining, the gel was 
scanned with a Joyce~Loeb! densitometer and the amount of 
kallikrein was determined from the tracings. To determine the 
amount of °H-factor XII, the gel was prepared for fluorography”. 
After developing the fluorogram, the band of °H-factor XII was 
sliced from the dried gel and the amount of radioactivity was 
determined by dissolving the gel slices in 30% H-0, (99 vol:1 vol 
NH4OH) followed by counting in Aquasol (NEN). The counting 
efficiency was 30%. a: O, generation of kallikrein: amidase activity 
in the complete reaction mixture; $, kallikrein: amidase activity in 
the absence of kaolin; A, generation of kallikrein as determined by 
densitometry of the stained gels; D, per cent >H-factor XII. b: A, 
generation of kallikrein in the complete reaction mixture plus RVV 
inhibitor II (114 pg), determined by densitometry of the stained 
gels; W, per cent “H-factor XII in the reaction mixture containing 
23 ug of RVV inhibition Il; @, per cent *H-factor XII in the 

reaction mixture containing 114 weg of RVV inhibitor IL. 


prekallikrein was converted to kallikrein (Fig. 2a, open circles), 
while 40% of the factor XII was still present as a single-chain 
molecule (Fig. 2a, open squares). After 5 min, 60% of the 
prekallikrein was converted to kallikrein, while only 30% of the 
factor XII was still in the single-chain form. After 5 min, the 
weight ratio of kallikrein-to-factor XII was nearly 40: 1, and the 
conversion of factor XII to factor XII, was occurring very 
rapidly. These data indicate that single-chain factor XII converts 
prekallikrein to kallikrein in the initial phase of the activation 
reaction in the presence of HMW kininogen and kaolin. This 
conclusion is further supported by the fact that the initial rate of 
prekallikrein activation by either factor XII or factor XII, was 
nearly identical (Fig. 1a), and this would not be the case if the 
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prior conversion of factor XII to factor XII, were required. 
These experiments also demonstrate that the latter part of the 
prekallikrein activation reaction is catalysed primarily by factor 
XII, which is rapidly generated after the formation of kallikreim. 

The activation of prekallikrein by single-chain *H-factor XII 
was further examined in the-presence of an excess of RVV 
inhibitor II, a low molecular weight serine protease inhibitor 


from Russell's viper venom. This protein inhibits bovine plasma 


kallikrein with a K, of 0.29 nM (ref. 41) but has no effect on 
factor XII or factor XIL. Thus, it is useful to restrict the effect of 
kallikrein on the activation of factor XII. The conversion of 
prekallikrein to kallikrein in the presence of a S-M and a 25-M 
excess of the RVV inhibitor I relative to prekallikrein is shown 
in Fig. 2b. The weight ratio of *H-factor XII-to-prekallikrein 
was 1:65. The formation of kallikrein was measured by SDS- 
polyacrylamide gel electrophoresis in the presence of 2- 
mercaptoethanol as described for Fig. 2a. In these experiments, 
the rate of generation of kallikrein (Fig. 2b, solid triangles) in the 
presence of either a 5-M or a 25-M excess of kallikrein inhibitor 
was the same as that in the absence of the kallikrein inhibitor 
(Fig. 2a, open triangles). As before, no lag phase was observed. 
The conversion of factor XII to factor XI., however, was 
substantially reduced in the presence of the kallikrein inhibitor. 
With a 5-M excess of RVV inhibitor I, 35% of the prekallikrein 
was converted to kallikrein in 2.5 min, while 55% of the factor 
XI was in the single-chain form (Fig. 2b, solid squares). With a 
25-M excess of RVV inhibitor H, 35% of the prekallikrein was 
converted to kallikrein in 2.5 min, while 70% of the factor XII 
was still in the single-chain form (Fig. 2b, solid circles). If the 
conversion of factor XII to factor XII, were an absolute 
requirement for this reaction, then a lag phase would have been 
readily detected in these experiments and the inital rate would 
have been much slower than that found for, an equivalent 
amount of factor XII.. These data strongly suggest that single- 
chain factor XII converts prekallikrein to kallikrein in the 
presence of HMW kininogen and kaolin and does so at a very 
rapid rate. 


Activation of factor XI by factors XII or XU. 


Similar experiments were then carried out for the activation of 
bovine factor XI by factor XII or factor XII, in the same reaction 
conditions used in Fig. 1a, except that factor XI was substituted 
for prekallikrein. Factor XII readily activated factor XI in the 
presence of HMW kininogen and kaolin (Fig. 1b, solid circles). 
In these experiments, factor XI, was measured by its esterase 
activity towards tosyl-L-arginine methy] ester. The initial rate of 
activation of factor XI by factor XII was 2—4 times slower than 
that of factor XIL, (Fig. 1b, solid triangles). The rate of activation 
of factor XI by factor XII, however, was almost the same as the 
activation of prekallikrein by factor XII, or factor XU (Fig. 1a). 
As factor XII, is a more effective catalyst than factor XI in the 
activation of factor XI, the generation of factor XII, by kalli- 
krein is required for the rapid activation of factor XI and the 
eventual formation of fibrin in whole plasma. 


The cascade mechanism is initiated by 
factor XII 


These data strongly suggest that the initial event in the activation 
of the intrinsic pathway of blood coagulation involves a sub- 
strate-induced catalysis by single-chain factor XII (Fig. 3). In 
this reaction, factor XI, bound to the kaolin surface, converts 
prekallikrein to kallikrein. The kallikrein thus generated con- 
verts the kaolin-bound factor XT to factor XI, which in turn 


converts factor XI to factor XI.. Each of these three reactions is 


stimulated by HMW kininogen or kinin-free HMW kininogen. 
Human kinin-free HMW kininogen and bradykinin are formed 
after the generation of the kallikrein in the initial reaction. In the 
presence of calcium, factor XI, then converts factor IX to factor 
IX.. Eventually, thrombin is formed and this leads to the 
conversion of fibrinogen to fibrin’. Although the present 


Factor XII 
(Factor XI1,) 


Kaolin 
HMW Kininogen 
Prekallikrein Kallikrein 


(Factor XIa) 
colin 
HMW Kininogen 
Factor XII Factor XIla 
(Factor XII) 
Kaolin 
_f HMW Kininogen 
Factor XI Fa XI, 
Cq2? 


Factor IX Factor IXa 


Fig. 3. A tentative mechanism for the surface activation of blood 
coagulation ir the presence of kaolin. 


experiments were carried out with clotting factors from bovine 
plasma, similar data have been obtained in preliminary experi- 
ments with purified clotting factors from human plasma. Thus, 
the mechanism shown in Fig. 3 seems applicable to other 
mammalian plasmas. 

Factor XII, will also activate prekallikrein after it is generated 
in the initial reactions. The activation of prekallikrein is not 
catalysed by kallikrein, factor XI, or prekallikrein. Factor XI, 
will activate factor XII when it is generated by factor XII, (Fig. 
3). We have not observed, however, an activation of human or 


` bovine factor XI by factor XIL. Recently, Wiggins and 


Cochrane“? have reported the cleavage of rabbit factor XH by 
factor XH.. In whole plasma, the activation of factor XII is 
probably catalysed primarily by kallikrein rather than factor 
XI. as kallikrein is generated first and it is about four times more 
active in the activation reaction than factor XJ, (ref. 26). Thus, 
factor XI, probably has only a minor role in the activation of 
factor XII. Factor XI will also activate factor XI in the presence 
of kaolin and HMW kininogen, although the rate is slower than 
that catalysed by factor XIL. Thus, the initiation of blood 
coagulation by kaolin occurs at a faster rate in the presence of 
prekallikrein which is converted to kallikrein, and this in turn 
leads to the formation of factor XII.. When plasma deficient in 
prekallikrein is preincubated with kaolin for approximately 
10 min before the addition of calcium, it has a normal clotting 
time*?. In these conditions, optimal levels of factor XI, are 
probably generated by single-chain factor XII and the formation 
of factor XII, via kallikrein is not required**. The correction of 
the kaolin clotting time of prekallikrein-deficient plasma by 
factor XII (refs 17, 27) can also be explained by the fact that 
elevation of the level of this protein will lead to the direct 
activation of factor XI and bypass the requirement for pre- 
kallikrein in these conditions. 


Consequences of our studies 


The present data provide a mechanism for the initiation of blood 
coagulation, as well as fibrinolysis, and kinin generation by 
single-chain factor XII in the presence of a surface, such as 
kaolin. By this mechanism, a trace of factor XII., kallikrein or 
some other plasma or cellular protease as previously sugges- 
ted*?’, is not required to initiate the -eactions. Also, it is not 
necessary to postulate the participation of factor XH or pre- 
kallikrein as weakly active zymogens as suggested by Griffin and 
Cochrane™, as factor XII is as active as factor XII, in the 
activation of prekallikrein in the presence of kaolin and HMW 
kininogen. Whether or not this mechanism will be applicable for 
other negatively charged surfaces is not clear. The physiological 
importance of the surface activation reaction is evident when 
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blood comes in contact with a foreign surface in vive. This occurs 
following the implantation of artificial heart valves where the 
incidence of thrombosis on the valve is 20-25% (ref. 43). Similar 
problems are encountered when patients with kidney failure are 
subjected to haemodialysis, when fibrin formation often occurs 
in the shunt. i 
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Distinctive sequence of human mitochondrial 
ribosomal RNA genes 
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The nucleotide sequence spanning the ribosomal RNA (rRNA) genes of cloned human mitochondrial DNA reveals an 
extremely compact genome organization wherein the putative tRNA genes are probably ‘butt-jointed’ around the tworRNA 
genes. The sequences of the rRNA genes are significantly homologous in some regions to eukaryotic and prokaryotic 
sequences, but distinctive; the tRNA genes also have unusual nucleotide sequences. It seems that human mitochondria did 
not originate from recognizable relatives of present day organisms. 





HUMAN mitochondrial DNA comprises a duplex closed circle 
of molecular weight 10 x 10°, which has been shown to code for 
several proteins’ and RNA species”. Two RNAs (12S and 16S) 
are conspicuous by their stability, methylation and equimolar 
synthesis”*, being the RNA components in 60S mitochondrial 
ribosomes**. These unique genes’ are adjacent®, and were 
mapped relative to the 45 RNA genes’ and the Hpall cleavage 
points in mitochondrial (mt) DNA?"*, 

It has been suggested that mitochondria are derived by 
endosymbiosis from prokaryotes, based on the sensitivity of 
ribosomes to antibiotics’? and initiation of polypeptides with 
formylmethionine’*.. However, mammalian mitochondrial 
ribosomes and rRNAs are unusually small, and all but plant 
mitochondria also lack a 5S rRNA **. The rRNA sequences, 
being the only identified large genes with nuclear and prokary- 
otic counterparts, should clarify phylogenetic relatedness (for 
example, in chloroplasts the 16S rRNA gene’ has shown near 
identity to that from Escherichia coli). This comparison should 
also clarify the sequences necessary for the function of these 
small rRNAs. oe 

Most of the Mbol fragments from human placental mt DNA 
have been mapped and cloned in the BamHI site of the plasmid 
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pBR322 (ref. 15); these have been used to determine the rRNA 
gene sequences presented here. 


DNA sequence analysis 


Figure 1 shows the map established for the restriction enzymes 
Mbol (ref. 11) and Hpall (ref. 10). The cloned Mbol fragments 
7, 14, 12, 3a, 18, 19 and 9 were sequenced using the dideoxy 
chain-termination method’®. Single-stranded template was 
prepared by cleavage of the pBR322 moiety of the recombinant 
plasmid at the single sites for the enzymes HindIII or Sall, 
followed by exonclease HI digestion’’ which results in degrada- 
tion of each strand from the 3’ end, exposing different strands in 
each case. An example is given in Fig. 2, which shows the 
sequence of the tRNA” gene and the 3’ end of the 125 rRNA 
gene. | 7 
Small inserts were sequenced using adjacent pBR322 restric- 
tion fragments as primers; larger inserts required the use of 
restriction fragments purified from the insert, which were often 
pretreated with exonuclease III to give sequence information 
within the region complementary to the restriction fragment'®. 
Where the internal fragments were large, ribosubstitution of the 
3’ end of the fragment was used to generate a new 5’ end for the 
extended chains on cleavage with alkali or ribonuclease. The 
published technique’? was modified to allow direct ribo- 
substitution of the fragments before addition of the template: 
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map positions identified by electron microscopy of HeLa 48 
RNA-mt DNA hybrids. No further likely tRNA. genes were 
found when the possibility of insertions in the anticodon loop, 
analogous to those found elsewhere****, was allowed. | 

The rRNAs were exactly located by the accurate homology 
with short sequences from the 5’ ends of the HeLa rRNAs*, and 
found to abut tRNA genes at these termini (Fig. 3), The 3 ends. 
cannot be identified at present, although the extensive sequence 
homology to known small subunit rRNA sequences to within 
approximately 12 nucleotides from their 3' termini (Figs 5, 6a) 
suggests that the 12S 3’ terminus is very close to the tRNA" 
gene. This proximity agrees with mapping by electron micros- 
copy, which has shown that the gap between the two rRNA 
genes is less than 500 base pairs” and that a 4S RNA maps 
between the two’. This closeness may involve a conjunction of 
the 12S rRNA and tRNA" genes as at the 5’ end of both rRNA 
genes. 

The lack of an intergenic sequence at some junctions suggests 
that a large initial transcript will be produced: this would agree 
with the large sizes of the HeLa mitochondrial transcripts 
hybridizing to the heavy (H) strand, the largest of which (9.0 x 
10° MW, equal to the sum of the rRNAs) is found poly- 
adenylated and unpolyadenylated*”*. The polyadenylated 
species has a short halflife compared with some other discrete 
mitochondrial ‘poly(A)-containing’ RNAs and is notable among 
a these for being present in the polysomal fraction to a very small 
Fig. 1 The Mbol restriction enzyme map of human mt DNA '' is correlated extent, as expected for arRNA precursor. Resistance of restric- 
with that of Hpall'®, based on their alignments with some of the other y tion fragment-rRNA hybrids to exo- and. endonucleolytic 


enzyme cleavage sites marked and corrected according to the sequence in the | | ; ha rDNA danae ie tents? 
region published here, which is shaded. The rRNAs are marked, as are the enzymes demonstrated that neither of the rRNA genes is split 


L-strand (W) and H-strand (@) sequence 4S RNAs", The origin and by an intervening sequence in HeLa mitochondria‘. 
direction of H-strand synthesis are shown. . 





incubation of the fragment with a ribonucleotide triphosphate 
and the Klenow fragment of DNA polymerase I at 37 °C allowed 
exchange of the 3'-terminal deoxyribonucleotide or ‘filling-in’ of 
the restriction fragment with the ribonucleotide. This elim- 
inated the possibility that the overlapping ends of the 
exonuclease-degraded template could be substituted. EDTA 
was used to chelate Mn* during the reaction to prevent ribo- 
nucleotide incorporation during extension with deoxy- and 
dideoxynucleotides without recourse to column separation steps 
(I.C.E., unpublished). . 

Single-stranded template DNA prepared by exonuclease 
digestion can give a relatively high background and two other 
techniques were also used. One involved the separation of 
complete plasmid strands on alkaline RPC-5 columns (ref. 20 
and B.A. Roe, manuscript in preparation) after cleavage of the 
closed circular duplex at a unique restriction enzyme site. This 
was most satisfactory where the pBR322 vector contained large 
inserts that were asymmetric with respect to the base composi- 
tions of the two strands, although recovery was variable. The 
second technique involved recloning of the isolated insert into 
the BamHI site of the double-stranded form (RFI) of a deriva- 
tive of the single-stranded bacteriophage M13 mp2 (refs 21-23). 

To establish the orientation of the Mbol fragments, and to 
ascertain whether very small fragments might have been missed 
in the mapping experiments, fragments prepared from the 
pBR322 clones were used for priming on HeLa mt DNA that 
had been digested by exonuclease III from the BamHI, EcoRI 
or Xbal sites. The sequences obtained thus overlapped the Mbol 
sites. Further confirmation was provided by sequence analysis of 
Alul fragments (A. R. Coulson and F. Sanger, personal com- 
munication). The sequence obtained is shown in Fig. 3, with the 
Mbol sites and extent of the probable genes indicated. 





Organization of the genome | Fig. 2 A chain-termination sequencing ge! showing the sequence through 

es Ra the tRNA“ gene and the 3' end of the 128 rRNA, in the complementary 
The tRNA genes have been assigned to the sequences shown sense. The primer is 223 bases long (the Alul fragment from 1,67 1~1,894 of 
(Figs 3, 4) by detection of likely clover-leaf structures (using the Fig. 3), and the resultant sequence from priming on exonuclease-treated 
computer program TRNASU: R. Staden, unpublished) and template (Aval digest of Mbol fragment 3a cloned in pBR322) can be read 


= from this 6% thin gel®*, run 
features of the sequence that are common to all previously bases, th ve +6: ADOP 


identified tRNAs**?*. The assignments correlate well with the 


hyto a total polynucleotide leagth of 400 
oa. The sequence through the junction of the 
| two genes is shown. 
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In E. coli, processing of the 16S rRNA probably involves 
initial cleavage by RNase LI of a large inverted repeat that 
flanks the 16S gene”, followed by at least RNase M16 cleavage 
to generate the mature 5’ terminus”. Eukaryotic nuclear rRNA 
transcripts also include large flanking sequences that are later 
removed’**, although the available sequence data do not 
suggest that these are inverted repeats (ref. 34 and K. G. 
Skryabin, personal communication). The ‘butt-jointing’ of mt 
tRNA genes at one or both end of the rRNAs implies a totally 
different processing mechanism, involving recognition of the 


baTcacaact CTATCACCDT ATTAACCACT CACSOGACTCT CTCCATSCAT TIGSTATTTT CETCTOSGSS STATGCACGT 


T CAGTATETE TCTTTGATTC CT@CCTCATC CTATTATTTA TCRCACCTAC GTTCAATATT ACAOBCOAA 
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structure or sequence of regions within mature transcripts and 
simple cleavages around the rRNA genes if both mature from 
the same transcript. 

This mechanism implies a novel method for the production of 
the 3’ terminus of mature tRNAs, which in E. coli and Bombyx 
mori probably involves 3’,5’ exonuclease activity’, as mito- 
chondrial tRNA™* and tRNA“ abut rRNA genes at their 3’ 
termini. However, single cleavage at the 5’ terminus of the 
tRNA genes would not be unusual: such a cleavage is catalysed 
in E. coli by RNase P, the rate being dependent on the secondary 
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AGCAAGATCDA 


GAACTTCAACCL 


TTCAGACTOO 


ACTTASTATT 


CCATOG 


BAAGACCCT A 


TCCBABC AST 


AGT AATCCAS 


ATACCCATCAC 


„` 


COCCCGAAAC 


BGACCTGTAT 


ATTTATTAAT 


ACTTCACCAS 


ATCTACCTTC 


CABACOADCT 


CCAATCTATC 
ATCAACCAAC 


CACCTCT AGC 


BAATOGC TCC 


TOTTOGATCA 


ACSACTT COA 


\ 


AAATTCO TCC 


rN 
pcagoaT B_TTAAGATESE 


Fig. 3 The sequence of the region shaded in Fig. 1 is shown, with the tRNA genes boxed and the 5‘ termini of the 128 and 16S rRNA genes shown; thes ss L-strand 


sequence, which corresponds 
the E. col: rRNAg The 5’ terminus of 78 DNA, which i complementary to the 
rRNAs> 8 nucleotides, with surrounding mnaller blocks in the same phase, A and Y 
the areas of parallel sequence. Overiined regions are bomologous to sequences ( 
kethoxal modiflable ın 30S ribosomal subunits of E. coli Broken underlining emphasires 

be in the same 5'-3' order along the two rRNA sequences) to sites identified by Herr et al.” 


those 


30S—50S subunit sssociation. 


to the RNA sequence. Numbers down the left-hand edge are thoss of this mt sequence, and those adjacent to underlining are those of 
strand shown, is also marked, Underiimng shows regions of homology with the E colf 
indicate that the E coli rRNAs have one nucleotide more or less, respectively, in 
wpentamers) xientified by Woese ef al ™ as universal among prokaryotes and 
sequences that are identifiably homologous (assuming that sites would 
as those m 16S rRNA of E. cob that must be unmodified by kethoxal for 
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Fig, 4 A clover-leaf arrangement of the tRNA genes. The 3’ CCA s sequence common to all other tRNAs is not encoded. G-U wobbie is. assumed | in the codons 
, _Tecognizes 1%. Loop I is the left-hand loop of this arrangement and often contains dihydrouridine, and loop IV is the right-hand loop which is usuali, y characterized by 
the sequence G-T-pseudouridine-C. : 


or tertiary structure of the tRNA moiety of the substrate’, anda 


similar in vitro activity has been isolated from the eukaryote, 


B. mori”. Cleavage around both termini of mt tRNA sequences 
in the primary transcripts by an analogous activity to RNase P.is 
a possible general processing mechanism in human mitochon- 


dria, agreeing with the approximate correlation found between 


the length of mapped inter-tRNA sequences and. the sizes. of 
encoded proteins’ and with the generally larger. sizes of the 
polyadenylated RNA species. 

The- origin of H-strand replication of HeLa mt DNA was 
initially mapped by locating the D-loop within large restriction 
fragments by electron microscopy’, and later by hybridization 
of the D-loop-forming 7S single-stranded DNA fragment to 
small restriction fragments with subsequent primed synthesis”. 
A sequence of the HeLa 7S DNA at its 5’ end and adjacent 
restriction fragment sequences have been published*’. The 
placental sequence differs slightly from the HeLa sequence in 
that nucleotides 263-264 are A-C rather than just G, and there 
are three fewer Cs in the block 303-315. 

The function of the region between the 5‘ end of the 7S DNA 


(H-strand sequence) and the 5’ end of the first tRNA®™ (light- 


strand sequence) seems likely to include that of initiating tran- 
scription of L-strand sense RNA, but there are no sequences 
resembling the initiation sequences found in E. coli*® or those 
before the 5' end of transcripts in eukaryotes. Further, there are 
no obvious repeated sequences analogous to the two or more 
promoters*'*? or RNA polymerase binding sites** found before 
rRNA genes in E. coli and Xenopus** that have been postulated 
to play a part in the high level of transcription of these genes. 
The rRNAs in mitochondria are comparatively stable* and this, 
rather than a high frequency of transcription, may account for 
their predominance in vivo. 


Sequences of tRNA genes 


With the exception of those flanking the cytochrome oxidase 
subunit II gene in human mitochondria*’, previously published 
mt tRNA sequences have come from Neurospora or 
Saccharomyces and have shown most of the features common to 
prokaryotic and eukaryotic tRNAs. Only the initiator tRNA 
from Neurospora crassa**, for example, seems to have radically 
altered those nucleotides identified [from X-ray crystallographic 
studies on yeast cytoplasmic tRNA?" (ref. 47)] as being 
involved in the loop I-loop IV tertiary interactions. 

In contrast, the sequences presented here (Fig. 4, drawn on 
the assumption that stem lengths are conserved) differ 
considerably from other tRNA sequences. This is most notice- 











able in the lengths and sequences of loops Land IV, a 

‘invariant’ features are lacking, and in the 
the stem to loop IV of tRNA™*. These 
altered possibilities of interaction between the two loops..1 
significance of the retained ‘invariant’ and common features 
cannot be assessed from so few pen RCREES and will be discussed 
elsewhere. 

Sequence analyses of the genes waen for the yeast ATPase 
subunit 9 (refs 48, 49) and cytochrome oxidase subunit I1" (in 
human and yeast mitochondria) have recently shown, by 
comparison with the yeast and beef protein sequences respec- 
tively, that threonine (in yeast only) and tryptophan (and per- 
haps methionine in human mitochondria) are coded for by 
triplets which otherwise have different specificities in the ‘uni- 
versal’ genetic code. The codons corresponding to the tRNAs 
published here, UUC(U), GUA(G) and UUA(G), do not seem 
to be anomalous in protein-DNA sequence comparison, and so 


probably do code for the amino acids shown (Fig. 4). 


Like the sequences of yeast and Neurospora mt tRNAs”, the 
human mt tRNA sequences published here show no greater 
homology to prokaryotes than to eukaryotes, seeming to form a 
rather distinct class. At some positions in tRNA sequences that 
are apparently characteristic of prokaryotes or eukaryotes, 
these genes frequently differ from both. The lack of eden! 
with a recent prokaryotic origin is emphasized by the sean bey 
E. coli aminoacyl tRNA synthetases te charge mt tRNAs“ 
The HeLa cytoplasmic enzymes were partially successful in 
some cases’ with HeLa mt tRNAs, one-of which involved valine 
incorporation despite the fact that the human placental mt 
tRNA” has lost the conserved positions found in prokaryotic, 
eukaryotic and yeast mt tRNAs. 


The 16S ribosomal RNA gene 


Because relatively little is known abeut mitochondria! ribo- 
somes, the significance of the sequence shown in Fig. 3 must be 
brought out by comparison with knows sequences. 

The homology of E. coli 23S rRNA™ to this 165 rRNA does 
not extend to the 3’ end of the former sequence, resulting in 


some uncertainty about the length of the latter gene, Despite 


this and the considerable difference in probable lengths (2,904 
to 1,559 nucleotides), there are regions of homology between 
the two. Regions with eight common nucleotides, with sur- 
rounding smaller blocks. of homology : m the. same phase, have 
been shown in Fig. 3 where these regions occur in the same order 
in both sequences. The largest region of homology is found 
between nucleotides 2,910 and 3,010 of Fig. 3, corresponding to 
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nucleotides 2,422-2,522 of the 235 rRNA. This is within the 
‘region that has been identified as involved in the ‘interface 
between E. coli ribosomal subunits, the RNA being protected 
against kethoxal modification on 30S-50S association“ 
although the exact sites of modification are not conserved. More 
extensive homology to this region of the 23S rRNA has been 
reported in a partial sequence of the yeast mt 21S FRNA gene“. 
Nucleotides 2,934 and 2,990 of Fig. 3 correspond to 218 rRNA 
nucleotides altered in chloramphenicol-resistant mutants of 
yeast and are therefore probably involved in binding the 3’ 
terminus of aminoacyl tRNAs. Only 2 of the 16 kethorxal- 
modifiable sites foundin E. coli 50S subunits™ occur within the 
underlined regions, suggesting a low level of conservation of 


exposed sequences in general. 


The 12S ribosomal RNA gene 


By contrast with the absence of sequences from cytoplasmic 
large rRNAs, some of the yeast small (18S) cytoplasmic rRNA 
sequence’ is known, as is that of the E. coli 16S rRNA *~”. The 
involvement of the 3’ end of 16S rRNA in initiation of protein 
synthesis has led to the determination of short sequences at the 
3’ ends of many small subunit rRNAs-(Fig. 5). 

The degree of:complementarity™ and binding” of the 3'- 


terminal sequence of E. coli 16S rRNA toa polypurine stretch,” 


before the initiation codons in bacteriophage RNA has been 
correlated with the level of translation of these RNAs. 


Complementarity alone, however, 'does not fully ‘explain‘the . 


level of binding,'or the translational pteferences of ribosomes 
from various bacterial species", In contrast, eukaryotic ribo- 
somes show comparatively li messenger discrimination; the 
3'-terminal sequences of eukaryotic 18S rRNAs are highly 
conserved’, and no région of complementarity has been 
identified in eukaryotic mRNAs that has any constant relation- 
ship to the initiation codon. The eukaryotic ribosome—Met 
tRNA™™ complex® 


initiation codon™ 
binding 
mRNA are enhanced by a ‘cap’ (refs 67, 68). 

The comparison shown in Fig. 6a clearly illustrates that the 


, after binding near the 5’ end**”*; complex 


small subunit rRNA from human mitochondria lacks the poly-., 


1385 
mt 128 


may therefore hot recognize internal ` 
regions of mRNA, but could ‘scan’ the mRNA for thefirst ~ 


and the monocistronic translation of- prokaryotic. 


purine-complementary sequence (CCUCC) found in prokary- 
otes. Although the exact 3’ end of the 12S rRNA has not been 
established, it is apparent (Fig. 65) that any extended stem 
would be less stable than that of the analogous structure in 


- E. coli if the rRNA gene does not overlap the tRNA™ gene. 


This stability may be necessary for dissociation (after initiation) 
of the prokaryotic CCUCC sequence from the mRNA”, and 
hence may be diagnostic of such a mode of initiation. No region 
of complementarity to the 3’ end of 128 rRNA has been found 
appropriately near the initiation codon for the cytochrome 
oxidase subunit II“ or other structural genes (B.G. Barrell, 
personal communication). 

The absence of these prokaryotic characteristics suggests that 
there is no sequence-specific binding of ribosomes and internal 
initiation, but rather that the long mitochondrial transcripts are 
processed to monocistronic units as in eukaryotes. If so, initia- 


, tion seems likely to be dependent on the 5’ terminus per se or the 


first AUG codon for transcripts are not capped and in at least 
one case there would be no leader sequence (the AUG codon 
abuts a tRNA gene) unless translation preceded processing. 
‘No cukaryotic transcripts are known where there is no leader 
sequence, although the cap structure does not seem to be 
invariably. necessary for ‘efficient translation, and the single 
example (Aprm  transcript™) is translated 


prokaryotic 
inefficiently. It is interesting, however, that the A prm 


is translated; this suggests that initiation will occur at the AUG 
nearest to the 5’ end of mRNA, or that the 5’ end of mRNA is 
bound by the 30S-initiation factor complex. Mitochondria may 
represent a situation where there is no 12S-mRNA comple- 
mentarity to favour internal initiation, nor a cap to enhance 


_5’*terminal binding, but a simpler mechanism underlying those 


developed elsewhere. If this is the case, the persistent failure of 
non-mitochondrial it vitro or in vivo systems to produce other 


„than at best fragmentary translation products from mt RNA or 


DNA”™”! ‘may be ascribed to the use of the codon TGA 
(normally a terminator) to code for tryptophan***’, rather than a 
lack of initiation. One would, however, expect discrete products 
representing N-terminal peptides of proteins. 

- The 12S rRNA shows several other regions of homology to 
both E. coli and yeast small subunit rRNAs (Figs-3, 5, 6). The 
homolo ‘around the stem-loop structure near the 3’ end is 


A pame Oa a Cicer aa Gomaea rk : i 


E. 0011 168 “hocaGrense asctccacre’ Gabctatics Garces finon rbackantoc 


Fig. 3 The 3’ termi: of mitochondrial £. coh’ 
aod yoest™ smali subunit rRNAs have been aligned 
to show the major blocks of homology, 

gape where appropriate The scores for 

nucleotides out of the total possible in this alignment 
are 45%, 57% and 45% tor the pairs mitochondria: 
E. cob, E coli: yeast and yeast. 
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Human mt 125 DNA 


E. coli 165 xRNA 


Fig.6 a, The 3’-terminal sequences of small subunit rRNAs. The solid lines enclose regions of absolute homology in all previously determined sequences, including 
some prokaryotes not included here. Broken lines indicate incomplete sequences or a short 3' terminus. *Dictyostelium discoideum. 4, The small subsidiary loop 
proposed for E. coli” and the extended stem (of sequence GGAUCACCU) are unlikely to form in mitochondria unless the 128 gene overlaps the tRNA” gene. 


broken, but differences from the other sequences are such as to 
retain the possibility of base pairing. The TG base pair and its 
flanking pairs are found in all the sequences known. The large 
block of homology in the region of nucleotides 1,476-1,495 
(1,391-1,408 in the E. coli sequence, Fig. 5) is strongly 
conserved in mitochondria, eukaryotes and prokaryotes. Like 
the region just before the 3’ stem-loop, there are important 
functional aspects to this sequence in E. coli, for part is a 
sequence that is universal among prokaryotes and accessible to 
modification by kethoxal in 30S subunits’’, and the remainder 
has been identified as crucial for 30S—50S subunit association”’. 
Several other sequences are homologous to those found to be 
universal and accessible to modification in prokaryotes (Fig. 3), 
and 7 of the 14 kethoxal-modifiable sequences in E. coli 16S 
rRNA that are implicated in subunit association are recog- 
nizable in the 12S sequence. One of these is very similar to 
one of two sequences that might be involved in base pairing 
to 23S rRNA in E. coli**”’, but there are no complementary 
sequences (>6 base pairs) in the mt 16S rRNA. The latter 
indeed has no regions absolutely homologous to the few 
association-protected oligonucleotides identified in E. coli 
23S rRNA*. 


Evolution of human mt DNA 


Although only one other small rRNA gene (165 rRNA of 
E. coli) has been sequenced, the sequences of the many small 
oligonucleotides produced by exhaustive ribonuclease T1 
digestion of 16S rRNA have been used to deduce relatedness 
and highly conserved sequences among prokaryotes. Apart 
from obvious blocks of homology, cemparisons of extensive 
rRNA sequences and judgements of similarity are hampered by 
the fact that the functional importance of the structure is not 
known in most regions. Unlike some proteins, it is not possible 
to draw conclusions as to similar chemical nature, structural role 
or frequency of substitution by the comparison of non-identical 
sequences. The use of ‘catalogues’ of oligonucleotides, each of 
which represents a phylogenetic character and is scored as 
absent or present, is therefore attractive, and does not require 
attempts at alignment of different sequences. 

Previous evidence for an endosymbtic origin of mitochon- 
dria has sought to demonstrate recen: common ancestry with 
contemporary prokaryotic forms. However, these arguments 
have generally relied on features that ere not due to mitochon- 
drially coded components’*”*, and often the similarities are 
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Table 1 Degree of homology in small subunit rRNAs 


Oligonucleotide catalogue 


Sequence ee 
E. colt R. B. stearo- H. Wheat 
spheroides thermophilus halobium mt 18S* 
Human mt 125 
rRNA gene 1519.5) 34(11) 22-283(9) 30112) = 20(17) 
E. colt 
168 rRNA > 167(17) 1$1(13) S3(19} 87(28) 





Values given are the total number of nucleotides in ribonuclease T,-generated 
oligonucleotides (hexamers) that exactly match the two sequences, assuming-a 
recuirement for a G nucleotide before the oligonucleotide sequence. This 
stringency, together with the size requirements, reduces the number of E. coli 
oligonucleotides that match the 12S rRNA from 38 (see text) to 2 (a hexamer 
and a nonamer). The values in parentheses are the results expected when these 
catalogues are tested in this manner against randomly chosen sequences of the 
same length as the 12S or 16S rRNA (954 and 1,541 nucleotides, respectively}. 
Oligonucleotides of unknown sequence were omitted. 

* Wheat mt 185 and wheat cytosol 18S score 31, approximately the expected 
random level, when matched. 

+ As a test of the method, virtually all the oligonucleotides listed in ref. 72 
matched the DNA sequence. 

2 Of the oligonucleotides which were shown with ambiguous sequences, one 
matched only when one of the two possible sequences was assumed. 


more likely to have arisen by chance or convergence than are 
extensive sequence homologies. 

The tRNA structures, unique genetic code and 3’-terminal 
sequence of the 12S rRNA suggest that mitochondria are less 
close to prokaryotes than the latter are to eukaryotes. This was 
further explored using oligonucleotide sequences from the pub- 
lished catalogues of small subunit rRNAs, which were fitted to 
the 12S rRNA gene sequence using the computer program 
SEQFIT”’. Of the 114 oligonucleotides produced from E. coli 
16S rRNA”, only 38 matched the 12S rRNA, including 9 of the 
29 ‘conserved’ sequences but 14 of the 32 universal prokaryotic 
sequences *. With just 500 nucleotides known from the 5’ and 3’ 
termini of yeast cytoplasmic 18S rRNA (ref. 34 and K. G. 
Skryabin, personal communication), 29 E. coli oligonucleotides 
matched, 8 being conserved and 12 being universal sequences, 
suggesting (because the oligonucleotides do not all map at the 
ends of 16S rRNA) a far higher level of shared oligonucleotides 
(see Fig. 5) between prokaryotic and cytoplasmic rRNAs than 
either shares with mt rRNA. 

To test evolutionary relatedness more stringently, 
hexanucleotides or larger from several catalogues were matched 
against the 12S mt rRNA and E. coli 16S sequences, and the 
total number of nucleotides in those oligonucleotides that 
matched was calculated (Table 1). These values are higher than 
those expected from matching unrelated sequences of the same 
lengths as those of the two rRNA genes to the individual 
catalogues. Table 1 shows that the Gram-negative bacterium 
Rhodopseudomonas spheroides™ and the Gram-positive Bacil- 
lus stearothermophilus”’ are far more closely related to E. coli 
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than either is to human mitochondria, contrary to conclusions 
from comparisons of respiratory chains™ and from matrix-of- 
differences trees based on cytochrome c and 5S RNA homolo- 
gies. The close homology among all tested eubacterial 
rRNAs’*®’ confirms the distinctiveness of the mt 12S rRNA. 
Despite the molecular peculiarities of the ‘archaebacterium’ 
Halobacter halobium*', it seems to be more closely related to 
eubacteria than to human mitochondria. The approximately 
equal homology of eukaryotes and eubacteria with Archaebac- 
teria®’, together with the higher homology between the E. coli 
16S rRNA and yeast cytoplasmic 18S rRNA (discussed above 
and shown in Fig. 5) than the homology of either with mt rRNA, 
suggests that the representatives tested from the major groups of 
organisms are more closely related to each other than to human 
mitochondria. 

A catalogue from wheat mt rRNA has shown that, although 
not closely akin to prokaryotic sequences, it is nonetheless 
further removed from the wheat cytoplasmic rRNA”; it can be 
added from Table 1 that human mt rRNA is at least as distant. 
5S rRNAs have only been found in plant mitochondria; if they 
are absent in other mitochondria the sequences of the larger 
rRNAs may differ for this reason. A difference between mt 
rRNAs from different organisms was expected, yeast mito- 
chondria differing inr RNA methylation®’’, arrangement of the 
genome” and genetic code from mammalian mitochondria, but 
the implied distance from wheat is surprising. Further work on 
the difference between cytoplasmic and mitochondrial rRNA 
from different organisms will be required to show the relative 
extents of divergence of these sequences and thus the patterns of 
selection and drift in mitochondria. 

From the results presented here human mitochondria seem to 
represent a radical departure from previously examined 
organisms. The compact genome organization is probably 
linked to a requirement for processing so as to free the tRNAs 
and rRNAs, and perhaps to allow 5'-end recognition of mRNAs. 
Although there are conserved features, and perhaps functions, 
of these rRNA sequences, the extent of the differences from 
other rRNA genes has consequences for the mechanism of 
initiation of protein synthesis and argues, at least, for a more 
ancient origin of any endosymbiosis than ‘recent common 
ancestry’ (ref. 76) with prokaryotes or eukaryotes. 
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Discovery of a very distant supernova 


M. R. 8. Hawkins 
Royal Observatory, Blackford Hill, Edinburgh EH9 3HJ, UK 


The luminosity and rapid time variation of supernovae suggest 


that they could be powerful cosmological probes. The main 
obstacle to such use has been the difficulty of finding sufficient 
high-redshift examples in time to make the necessary obser- 
vations of the light curve. Here a very distant (z =0.5) super- 
nova is reported together with photometric observations of its 
light curve. 

On a given night a deep UK 1.2-m Schmidt plate would be 
expected to show between one and ten supernovae depending 
on the supernova rate and the usable limiting magnitude. In the 
present observing programme one sky-limited plate was taken 
per night, clear of Moon, for 3 weeks between two lunations. 
The plates could then be compared and a light curve measured 
for any supernova discovered with maximum near the beginning 
of the series. This could then be compared with a measured or 
estimated redshift. The main run of observations was made 
during August 1978 with the UK 1.2-m Schmidt in Australia. 
The field was centred on 21 h 28 min, —45° (1950) at a galactic 
latitude of ~47° chosen as a compromise between time available 
on the telescope and minimum distance from the South Galactic 
Pole; the plate material is described in Table 1. 

A Zeiss blink comparator was used to search for supernovae. 
Initially two plates were selected; the early epoch J3653, and 
J4410, a plate of similar quality near the beginning of the run. 
This produced 36 candidates which were appreciably brighter 
on the later plate. These images were then blinked with J4458, 
taken a month after J4410. Six of the candidates were found to 
have dimmed to their original magnitudes, and three of these 





Table 1 UK 1.2-m Schmidt plates measured 
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Date Exposure Seeing 
Plate no. UT {min} {arc s) 
33653 8.10.77 70 DL-1 
J4381 25.7.78 45 2-3 
34394 2751418 70 DL 
J4401 30.7.78 70 DL 
J4410 31.7.78 70 1 
J4416 3.8.78 65 4 
J4425 4.8.78 75 4 
J4436 9.8.78 70 3 
54458 23,8.78 70 1 


Field centre 21h 28 min-45°00' (1950); emulsion Haj, filter 
GG395. DL, diffraction limited. 
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Fig. 1 Plot of residuals between mean magnitudes and magni- 
tudes for plate J4394 against magnitude. +, The supernova image. 


were too faint to measure photometrically. The remaining prime 
candidates—-SN1, SN4 and SN6-—were all ~2 mag above the 
plate limit at their brightest. SN4 and SN6 appeared to be stellar 
with no obviously associated galaxy, but SNI was clearly 
resolved. 

To obtain magnitudes three separate measurement proce- 
dures were used. A ‘first look’ was obtained by scanning in one 
dimension across the candidate image and four nearby 
comparison images spanning the ful range of variation, using a 
Joyce-Loebl microdensitometer. Tie readings were converted 
to intensity using the step wedge calibration, and the area under 
the curves integrated to give relative magnitudes. 

The magnitude scale was checked against photoelectric and 
electronographic standard magnitudes and no significant devia- 
tion from a slope of unity was foand, even for brighter stars 
where saturation effects might be expected. Zero points were 
obtained by averaging the readings of each star and then plotting 
the measures for each plate against these mean magnitudes, A 
plot of relative magnitude of the candidate images against epoch 
revealed that SN4 and SN6 were not supernovae. They were 
both of more or less constant brightness on all plates except 
J4410, where they flared up by about one magnitude. Concen- 
trating on SN1 an electronographec sequence was obtained of 
the field to fix the zero point of the mean magnitudes, which 
showed that at its brightest, the candidate image had B= 
21.4 mag. The SN1 field was now remeasured on the Perkin- 
Elmer Data System (PDS) at the Reyal Greenwich Observatory, 
including about eight comparison images comprising stars and 
galaxies, measured in square raste-s. The images were analysed 
in two ways; first the volume under the images was integrated, 
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and second a gaussian of variable height and radius was fitted to 
the image. These and the Joyce-Loebl measurements all gave 
substantially the same light curve, although they differed slightly 
over the measurement of individual images. The PDS integra- 
tion method gave the smallest scatter and we use those 
measurements here. 

Figure 1 shows residuals between plate J4394 and mean 
magnitude plotted against magnitude; the r.m.s. scatter of the 
residuals is 0.11 mag. The supernova candidate is shown by a 
cross, and the mean magnitude is taken from the early and late 
epoch plates; the cross is a 5a point. Figure 2 shows magnitude 
plotted against epoch for SN1, the scatter being as expected, 
similar to that in Fig. 1. It is not usually possible to see the 
supernova as a distinct stellar image superimposed on an under- 
lying galaxy on even the best plates. It looks more like a faint 
galaxy which suddenly becomes brighter and more star-like and 
then fades to its original form. The best early epoch plate 
(J3376) for SN1 shows a faint roughly circular galaxy with a 
rather compact centre. A positive classification of the galaxy 
type is not feasible for such a faint image but the general 
morphology is suggestive of an elliptical. J4381 is the first plate 
of the main series and here the image has become more point- 
like and distinctly brighter. On the next plate J4394, taken in 
very good seeing, the image is just resolved into a faint star-like 
object about larcs west of the galaxy centroid. This is 
confirmed by positional measures from the PDS. For the other 
plates the image steadily fades as shown in Fig. 2, until it regains 
its early epoch magnitude. This object has all the properties 
expected of a distant supernova, and apart from some unlikely 
coincidences is hard to classify in any other way. Distinguishing a 
type I from a type II supernova is always difficult, even for 
nearby objects where spectroscopic information is available. 
Type II objects are, however, observed relatively infrequently, 
and if, as seems likely, the underlying galaxy is not a late-type 
spiral, a type II can be ruled out. To measure the decay time, the 
magnitudes in Fig. 2 must be modified by subtracting the flux 
from the underlying galaxy. The resulting light curve from the 
early and late epoch plates is shown in Fig. 3. A straight line was 
fitted to the readings to give the decay time, the best fit being 


5.8+0.5 days mag’ ' 


Repeating the fit after removing individual readings, and 
changing the value for the underlying galaxy by the standard 
error, still gave the best fit slope within the above error limits. 
Note that the last two observations, which after galaxy subtrac- 
tion were the most uncertain, were not used. The resulting 
least-squares slope was 6.16+0.67 days mag ` which is not 
significantly different from the value given above. The r.m.s. 
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Fig. 2. Plot of magnitude against epoch for the supernova image. 
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Fig. 3 Plot of magnitude against epoch for the supernova image 
after subtracting background galaxy flux. Also shown is the least- 
squares best fit straight line. 


difference of the stars about the best fit line was 0.19 mag, larger 
than the error in Figs 1 and 2. This is to be expected due to the 
effect of subtracting the underlying galaxy. 

Rust’ has found that the local value for the decay rate of a 
type I nearby supernova is 8.32+1.95 days mag™’ which is 
compatible with the result found above, although SN1 is clearly 
not a local object. Unfortunately, we cannot yet obtain a redshift 
for the underlying galaxy due to its faint magnitude of B = 
22.23. However, the brightest magnitude in Fig. 3 is B = 22.06 
which sets a lower limit to the supernova brightness at maxi- 
mum. Rust’ found a mean absolute magnitude at maximum of 
my = ~19.53 with a dispersion of 0.94 mag. The mean value 
gives a redshift of z = 0.6 which in a Friedman cosmology would 
imply an increase of the decay time given by 


Ty = T(1+z) (1) 


where T; and Te are the intrinsic and observed decay rates 
respectively. Thus the expected decay rate at the redshift of 0.6 
would be 13.3+3.1 days mag™', which puts the observed value 
of 5.8 days mag™' at 2.5¢, and in fact the slowest supernova 
known would have a decay rate of 7.2 daysmag™' at this 
redshift. Even if the absolute magnitude of the supernova were 
2o fainter than the mean value at mg = 17.6, a redshift z =~ 0.3 
would be implied giving an expected decay rate of 10.84 2.5 
days mag™'; this is still 2¢ above the observed value. The most 
natural interpretation of these observations is that light from the 
supernova has not undergone a Doppler shift. 

Another important effect must be taken into consideration. 
De Vaucouleurs and Pence? have pointed out that the change in 
the supernova spectral energy distribution as a function of time 
alters the observed decay rate in a particular bandpass with 
redshift—the observed magnitudes must be modified by a time- 
dependent k-correction. This makes supernovae appear to 
decay more quickly at high redshifts, and de Vaucouleurs and 
Pence give as the correction factor 


To= T(1+1.08z) (2) 


where T is the observed decay time and Ty is the decay time 
which would be observed were the passband redshifted to the 
rest frame of the supernova. The relation (2) is only claimed by 
de Vaucouleurs and Pence up to a redshift of z = 0.15; however, 
if this holds at the redshift of SN1 comparison of relations (1) 
and (2) shows that there will be essentially no observed change in 
the decay rate as a function of redshift in a Friedman cosmology, 
and that for a non-expanding universe the decay rate would 
actually become smaller. Applying the correction to the present 
observations puts the observed decay time within the bracket 





eit tciehienh nn n araa 
scene aam maa br aA a aa a a 
ronirmma eapi rama fed aAA A anene aE a a: 


Nature Vol. 286 31 July 1980 
represented by the Friedman cosmology, and is evidence that 
the Universe is expanding; rejection of the correction implies a 
non-expanding Doppler cosmological redshift. 
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A 2.2-Hz modulation of auroral 
electrons imposed 
at the geomagnetic equator 


D. R. Lepine, D. A. Bryant & D. S. Hall 


SRC Rutherford and Appleton Laboratories, Ditton Park, 
Slough SL3 9JX, UK 


The direct observation of high frequency ~3 Hz modulation of 
electron intensities during pulsating aurora is comparatively 
recent although, from TV and photometric studies, modulation 
of the visual aurora at these frequencies has been recognized for 
over a decade. We report here 2.2 t+ 0.5 Hz oscillations in the 
intensities of 4-25 keV electrons producing a pulsating aurora. 
The electrons were measured from a Petrel sounding rocket 
launched from Kiruna, Sweden on 25 January 1979. The oscil- 
lations like the slower 1-20 s pulsations, exhibit a marked 
velocity dispersion implying an equatorial origin for both forms 
of modulation. VLF—hiss observed at about the same time at 
the Satellite GEOS 2, operating in the same equatorial region, 
shows remarkable similarities to the modulation in the particle 
fluxes. A connection between VLF emissions and auroral 
pulsations has been suggested by Coriniti and Kennel who argue 
that low frequency, 5-300 s period, micropulsations modulate 
whistler-mode wave amplitudes leading to variations in the rate 
of pitch-angle scattering of electrons from the magnetosphere. 
The isotropic angular distributions reported here suggest that 
this mechanism acting alone cannot explain the modulation in 
the present case. 

A Petrel rocket, designated P216 in the UK National Pro- 
gramme, was flown from Kiruna, Sweden, to compare electron 
intensities seen in pulsating aurora with related parameters at 


Fig. 1 Electron intensities meas- 
ured at P216 during an interval of 
temporal changes. The intensities 
were measured at pitch angles 20+ 
3.5°. 2.2 Hz oscillations occurring 
during the intervals A and B are 
discussed in the text. 
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the magnetically-conjugate geostationary satellite GEOS 2. The 
rocket was launched at 21.07.33 UT on 25 January 1979 during 
the recovery phase of a magnetic substorm. A low-light tele- 
vision, operating down range, showed that for part of its flight 
the rocket was in the vicinity of patches of aurora that pulsed 
irregularly with durations of maximum brightness of between 1 
and 20s. Electron intensities at the rocket, measured with 
channel multipliers and electrostatic analysers, exhibited similar 
pulsations. We are concerned here with shorter-period (0.46+ 
0.05 s) oscillations that occur in 4-25 keV electron intensities, at 
several intervals during the rocket flight superimposed on the 
maxima of the slower pulsations’. Particle modulation in the 
3+ 1 Hz frequency range has been observed previously’ at low 
energies (<70eV), and more recently at high energies’ (> 
25 keV). The present observations are significant in that parti- 
cles within the 4-25 keV range carry sufficient energy to account 
for the observed light emission and, therefore, may cause a 2-3 
Hz modulation in light intensity frequently observed during 
pulsating aurora**. During these particular oscillations, 
however, due to the combined effects of velocity dispersion and 
the narrow range of spectrum energies involved, the pre- 
cipitated energy-flux variations amountto only + 3% of the ~25 
mW m`? energy-fiux at pulsation maximum. Because of the low 
auroral intensity (~2 kR at 427.8 nm), this level of modulation 
equals the noise level of the optical instrumentation and we 
cannot confirm that the particle modulation reported here leads 
to a modulation in the optical brightness. 

Examples of the oscillations are contained in Fig. 1, an 
energy-time spectrogram of electron mtensities for the flight- 
time interval 217-250s. These intensities were measured at 
pitch-angles 20+3.5° with a detector whose electrostatic 
analyser swept through the energy range 1.2—25 keV every 143 
ms. In the interval shown the rocket altitude ranged from 170 to 
180 km. Oscillations at 2.2+0.2 Hz are strongest during inter- 
vals A and B in which it is very noticeable that intensity changes 
at higher energies precede the corresponding changes at lower 
energies. This effect can be readily explained as velocity dis- 
persion due to a distant source of moculation. A dispersion in 
the times of occurrence of 1-20 s pulsations at different particle 
energies was discovered by Bryant ef al^, confirmed on 
subsequent occasions’, and indeed found to be the case in this 
event’. The present results are, we believe, the first indication of 
dispersion in shorter-period oscillations. 

To test more closely the hypothesis of a distant source of 
modulation, we have examined the intensity changes recorded 
by other detectors operating continuously at energies 3.9, 7.7 
and 11.5 keV. These constant-energy detectors were sampled 
every 0.5 ms as they scanned through the pitch-angle range 
15-55° every 57 ms, all sampling the same pitch angle at the 
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same time. In the intervals A and B intensities were found to be 
isotropic over the observed pitch-angle range at all three ener- 
gies. Figure 2 shows intensity variations at the three energies in 
terms of fluctuations about a mean intensity at that energy. It is 
immediately apparent that the oscillations are quasi-periodic 
with a mean frequency of 2.2 Hz, and that the amplitude and 
phase are energy dependent. The oscillations are, when the time 
shift is taken into account, well correlated. 

Because the vertical separation in Fig. 2 is proportional to 
reciprocal of velocity, sloping lines linking the oscillations pro- 
vide clear evidence of velocity dispersion, if we assume that 
modulation is simultaneous at all energies and that particles 
travel with constant speed after modulation. The data clearly 
support the dispersion hypothesis, and point to a source distance 
of 42+5x 10° m. The length of a particle trajectory from a 
rocket altitude to the geomagnetic equator ranges from, in the 
dipole approximation, 41 to 43x 10° m for the pitch angles 
(15-55°) sampled here, so the analysis performed in Fig. 2 
therefore suggests that the source of modulation is located in the 
equatorial region at a radial distance of about 5.4 Rg. The use of 
the dipole approximation requires justification, particularly 
when there is evidence for, on some occasions, a considerable 
stretching of field lines in the midnight sector of the magnetos- 
phere. Using a comparison of plasma measurements made by 
the Vela satellites at 18 Rg, with satellite photographs of the 
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Fig.3 Intensity of 500 Hz magnetic field fluctuations measured at 

GEOS 2 by the $300 wave experiment during the rocket flight 

interval 220-250 s. Oscillations at about 2.8 Hz can be seen 

between 221 and 225s, and at about 3.2 Hz between 241 and 
243s. 


500 Hz, and are of a type usually referred to as hiss. Figure 3 
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Fig.2 Velocity dispersion of 2.2 Hz oscillations in the intervals A 
and B. Each trace shows electron intensity at a constant energy in 
terms of variations about a mean intensity at that energy. The 
encircled crosses indicate zero variation and an average time for 
the cycle on which they are drawn. The vertical separation of the 
traces is proportional to reciprocal velocity. The straight lines 
linking the oscillations provide clear evidence of dispersion, and 


shows the amplitude of 500 Hz magnetic field fluctuations, 
measured by experiment $300 on GEOS 2, for the rocket flight 
interval 220-250s. Oscillations at 2.8+0.6 Hz are very 
apparent between 221 and 225s, and at 3.1+0.6 Hz between 
241 and 243s. Although these do not correspond exactly with 
events at the rocket they have a similar frequency and occur, like 
those at the rocket, in irregular bursts. A possible connection 
between the electron intensity oscillations and VLF activity is 
not entirely unexpected. Coroniti and Kennel'® have argued 
that auroral pulsations are caused by a modulation of the rate of 
pitch-angle scattering in a diffusion region near the equator. In 
their model, electrons are scattered by resonance with whistler- 
mode electromagnetic waves whose growth rates depend on, 
among other parameters, the amplitude of magnetic micro- 
pulsations within the diffusion region. Although this is in many 
ways a promising explanation of auroral pulsations'', there are 


correspond to a source distance of 42 Mm. [ ], Indicate +25% 
variations. Random statistical errors are typically + 4%. 


auroral oval, Hones et al.” have deduced that the degree of 
stretching is variable, and that on some occasions field lines from 
approximately the latitude of Kiruna reach out to at least 18 Re. 
Their result is consistent with.the degree of stretching deduced 
from observations of variable dispersion®, and therefore our 
present results indicate that, at the time of the rocket flight, the 
magnetic field was not severely stretched from its dipole-like 
configuration. l 

In view of the location of GEOS 2, close to the equatorial 
crossing point of magnetic field lines which at times connect with 
the area of Kiruna, measurements made at the satellite are well 
suited for comparison with those made at the rocket. An 
examination of particles of similar energy at GEOS 2, indicates 
that there are no changes, either inside or outside the loss-cone, 
corresponding to the longer-period pulsations. It is not yet clear 
whether 2.2 Hz oscillations in particle flux are detectable by the 
instruments on GEOS 2. However, VLF emissions measured at 
GEOS 2 during thé rocket flight are noticeably modulated at a 
frequency close to that of the oscillations in electron intensities 
at the rocket. These emissions are strongest in a band centred on 
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observations, as on earlier occasions'*, which create difficulties 
for this theory. Figure 4 shows the relationship between intensi- 
ties at pitch-angles of 50° and 20° for 11.5 keV electrons during 
interval A. The broken line, marked pitch-angle scattering, 
indicates the expected degree of anisotropy for oscillations that 
are driven by changes in the rate of diffusion of trapped electrons 
from a reservoir of constant intensity of 1.6x10" m` 
s 'sr-'keV™ into a loss-cone created by atmospheric ab- 
sorption. Although there is a suspicion that intensities at large 
pitch-angles exceed those at small pitch-angles, the observations 
follow more closely the isotropic line than the pitch-angle 
scattering one, indicating that variations in pitch-angle scatter- 
ing are not the dominant feature controlling the oscillations. 
Intensities at other energies during intervals A and B follow 
closely the behaviour of the 11.5 keV electrons shown in Fig. 4, 
therefore pitch-angle scattering acting alone cannot explain 
their modulation. As the nature of the mechanism is unclear at 
this stage, the extent to which the similarity between the modu- 
lation seen at GEOS 2 and the modulation seen at the rocket 
indicates a real coupling between magnetospheric and ion- 
ospheric events remains to be evaluated. 
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Johnstone, A. Korth and G. Martelli for information and helpful 
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Observation of flaws 
in anodic films on aluminium 


G. E. Thompson, K. Shimizu & G. C. Wood 


Corrosion and Protection Centre, University of Manchester Institute of 
Science and Technology, PO Box 88, Manchester, M60 1QD UK 


A thin compact oxide film forms naturally on aluminium in air 
and can be thickened by anodizing, to give widely used materi- 
als. However, highly localized processes can occur at flaws, 
which are always present in the films and they can lead to pit 
development’ and influence the electrical properties’ (dielectric 
breakdown and rectification). As awareness of the different 
behaviour at flaws increases, other interesting phenomena, such 
as electroluminescence’, response to UV radiation* and elec- 
trolytic colouring’, may be influenced by the activation of pre- 
existing flaws, or the generation of new flaws. Clearly, further 
knowledge of this kind is of fundamental and practical 
importance. Some of the more significant findings relating to the 
nature, shape and geometry of flaws observed after anodizing in 
ammonium pentaborate solution are outlined here. 

Flaws or lighter regions ~73-200 nm in size, can be Sbserved 
readily in the barrier films formed to various voltages at constant 
current density on as-received superpure aluminium (99.99 Al; 
0.003 Cu; 0.002 Fe; 0.002 Si wt%) (Fig. 1). Stripped anodic 
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films show that the pre-existing flaws are now ‘decorated’ by 
differently textured film, which spreads into the neighbouring 
featureless film in an approximately circular front (Fig. la, b) 
This texture changes further with increase in forming voltage 
and, at 200 V, the local islands have been identified as y’ 
alumina’ (Fig. 1c). A change in the extent of crystallinity has 
also been suggested®’. The corresponding ultramicrotomed 
sections show that the film formed to 50 V is relatively uniform, 
although occasional metal ridges protruding into the film from 
the metal-film interface are evident (Fig. 1d). Further thicken- 
ing of the film has occurred at 100 V and distinct local regions of 
differently textured film are evident in approximately the outer 
half of the film (Fig. le). These apparently convex lens-shaped 





Fig. 1 
as-received aluminium at 50Am~ in 0.1M ammonium 
pentaborate solution at 298 K to various voltages. a, Stripped 
anodic film formed to 50 V, showing the decorated flaws. b, 
Stripped anodic film formed to 100 V showing the different tex- 
tured appearance of the flaws. c, Stripped anodic film formed to 
200 V, showing the island of crystalline y' alumina. d, Ultra- 
microtomed section of the aluminium substrate and the film 
formed to 50 V. Occasional metal ridges can be seen at the 
metal-film interface. e, Ultramicrotomed section of the aluminium 
substrate and the film formed to 100 Y, showing the sharply 
defined regions of differently textured film above metal ridges. 
f, Ultramicrotomed section of the aluminium substrate and the film 
formed to 200 V, showing the marked scalloping at the metal-film 
interface and the developing regions which have been identified as 
y' alumina by electron diffraction’. Magnification 78,000. 


Transmission electron micrographs of the films formed on 


regions are sharply defined and are located above metal ridges at 
the metal/film interface. A more marked change in appearance 
is Observed at 200 V, where the metal ridges are more clearly 
defined and the differently textured film is more extensive (Fig. 
1f). The locally textured regions of film have spread laterally 
from their original position centred above the tip of the metal 
ridge. The islands of crystalline y’ alumina have become 
damaged during sectioning, but the micrograph suggests that 
they are thicker at their centres, and the thickness decreases 
progressively into the neighbouring barrier film. In addition, a 
narrow channel appears to be present in the barrier film above 
the crystalline island. 

The number of the resultant islands of crystalline film is 
dependent on substrate preparation and cleaning or electro- 
polishing markedly reduces their population density (from 
2x 10'* m™ on as received specimens to about 10° m~ after 
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Fig. 2 The development of islands of crystalline film. a, An © 
impurity segregate situated at the tip of a metal ridge protruding 
into the air-formed film. b, After anodizing, the segregate is located 
in the vicinity of the boundary between the borate-containing film. 
material and the relatively pure alumina film. c, Gas evolution from 
the segregates proceeds during anodizing and high local field 
strengths may cause the aluminium ridge to be removed pref- 
erentially, thereby occluding the segregate in the film. d, Joule 
heating allows the development.of local temperature rises in the 
solution-filled channel. The hotter region is situated just above 
the segregate, and direct heating of the film inthis region causes the 
change in texture. e, Crystalline film develops as:a result of direct 
heating and the original flaw passes through the centre of this 
material. Its development produces shielded regions, which hinder 
the development of the amorphous barrier. film. 


electropolishing). This suggests that they develop in the vicinity 
of surface impurity segregates rather than from effects in the 
depths of the metal, that is, second phase material, which may be 
revealed as the metal—film interface recedes during anodizing. 
Favoured sites for segregation of impurities, such as iron and 
copper, exist on rolled surfaces, that is, in the vicinity of metal 
ridges and troughs associated with rolling lines. Growth of the 
air-formed film, which is more voluminous than the aluminium 
consumed, then creates a distribution of flaws, comprised of 
metal segregates situated at the bottoms of channels in the film, 
which are located at the tips of metal ridges protruding into the 
film from the metal—film interface (Fig. 2a). A characteristic 
air-formed film is also likely to form over the segregates. 
During anodizing, thickening of the air-formed film occurs by 
the usual growth processes involving ionic migration of Al’* 
outwards and OH™ or O% ions inwards*. SIMS data (G.E.T. and 
G.C.W., unpublished work) suggest similar anion and cation 
transport numbers, leading to an inner relatively pure alumina 
film and deposition of an outer borate-containing film. 
However, film formation does not proceed directly above the 
segregates where an alternative anodic process, oxygen evolu- 
tion occurs or in the shielded regions directly below the segre- 
gates. This manner of film growth results in the segregates being 
located at the tips.of metal ridges protruding into about one-half 
of the total film thickness (Fig. 26). Gas evolution from the 
segregates tends to maintain the channels above them open by 
mechanically disrupting the outer film, which attempts to bridge 


over them. Unless the shielding of the aluminium ridges is 


effective, high local field strengths may result in the consumption 
of this metal in lateral film growth, and the possible inclusion of 
some of the segregate into the film (Fig. 2c). 

The areas of the bases of the segregates are extremely small 
compared with the macroscopic aluminium substrate and large 
effective current densities can be directed to these relatively low 
resistance pathways, with resultant large temperature rises due 
to local Joule heatifig effects. This is unlike the situation sugges- 
ted to occur during pitting, at localized sites, where salt film 
formation proceeds rapidly and the temperature at the pit 


Nature Vol. 286 31 July 1980 


surface remains essentially unchanged’. As the film thickens 
further, more current is focused into these preferred regions, 
which is confirmed by the more ready observation of gas evolu- 
tion at high cell voltages, with greater local heating effects. Heat 
is dissipated into the aluminium substrate and bulk solution, but 
because the segregates are located above the tips of relatively 
narrow metal ridges, it is likely that the rate of heat flow into the 
substrate is limited and the hottest zone in the solution-filled 
channel is situated just above the segregate (Fig. 2d), 

Direct heating'’, or hydrothermal treatment’, increases the ; 
extent of crystallinity of anodic films, at a rate dependent.on 
their composition. Similar texture changes to those evident here 
initially have been observed during electron beam heating of 
anodic films'*, suggesting that they may be promoted by direct 
heating. However, there is presently little direct information 
about the magnitude of the local temperature rises. Figure 2d 
shows that the hot zone is adjacent to the borate-containing film: 
material, which implies that this film material undergoes the 
more rapid change in texture and ultimate increase in crystal- 
linity. 

In the present situation the local heating is thought to develop 
continuously rather than in discrete bursts, which are more 
commonly associated with electron avalanching and dielectric 
breakdown. Direct heating promotes the increase in the extent 
of crystallinity of the material adjacent to the hotter regions of 
the channel and, as the barrier film thickens, the hot regions 
spreads up the channel resulting in an increase in the volume of 
the resultant crystalline island. The shape of the crystalline 
region is explained by the hotter region remaining just above the 
segregate, but with further barrier film thickening temperature 
rises adjacent to regions further up the channel promote local 
crystallization. The actual stage at which crystallinity appears is 
a compromise between the size and population density of the 
flaws and the film thickness, which govern the effective current 
density and local temperature rises generated. Anodizing in 
borate solution favours development of the islands*®, which 
suggests that the eventual crystallization process may be 
dependent on electrolyte conductivity and buffering capacity 
and/or film composition. Furthermore, it is not clear whether 
borate species incorporated in the film aid this process directly 
by reducing the crystallization temperature or migrate from the 
hotter regions during crystallization and whether borate species 
act as glass network formers or modifiers. However, the even- 
tual development of these islands, which hinders the growth of 
the normal amorphous barrier film results in the development of 
scalloped metal regions at the metal—film interface (Fig. 2¢). 

Note also that electroluminescence is observed during the 
growth of these films in borate solutions. The significance of 
flaws, film composition and the development of crystalline film is 
in the stages of elucidation and will be reported elsewhere. 

In conclusion, it is suggested that iron and/or copper impuri- 
ties are responsible for the behaviour observed during anodizing 
in borate solution. They remain at the tips of metal ridges 
located at the bases of channels within the films and local 
temperature rises associated with Joule heating effects give rise 
to the development of crystalline film. 
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compound. We demonstrate that a very 
erns the distribution of Na* ions in the 
iis finding is clearly compatible with 


superionic. p 0} _ the compound but also has 
consequences of structural data. Our calculations 
confirm that ; are stabilized by large relaxations 


of neighbouring : ‘ions to give the cluster proposed earlier’. 
Defects in the. conduction plane of B-Al,O; are shown to be 
generally stabilized by large relaxations of surrounding ions, 
which favour defect. formation in the compound, and which, 
therefore, cause the gross deviations from stoichiometry ob- 
served in B-Al,O3. Our results suggest a ‘fluid’ conduction plane 
structure (a fluidity. which extends to the neighbouring spinel 
block.ions) with only weak localization of the conduction ions 
into specific sites and strong stabilizing relaxations of conduction 
and spinel block ions around any defect species. | 

Two types of calculation are discussed. In the first, lattice 
energy calculations on stoichiometric Naß AlO; for a variety of 
sodium ion distributions, use the general lattice energy code, 
PLUTO’, previously applied successfully to complex problems 
in the field of non-stoichiometry*”. In the second, calculations of 
the energies of formation of defects within the conduction plane 
of stoichiometric NaBAI,O, use another general computer 
code, the HADES III*°, which can be applied to all crystal 
symmetries. The HADES code is an improvement on earlier 
theoretical studies. of mane et al., which omitted relaxation 
effects. 

¿Both types of calculation require specification of the relevant 
interionic potentials. Shell model potentials (see refs 3, 6) are 
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Fig. 1 The structure of B-Al,O, with 


Beevers—Ross (BR), anti-Beevers—Ross 
(ABR) and mid-oxygen (MO) sites marked. i 
A, 3D Structure. °, AP*; O, O°”. B, Section 20 
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used. Thus to model NagAl;-O, we take parameters. from the 
lattice potential of ALO, (refs 4, 6) which are supplemented by a 
Na*-O*” potential obtained from a study of the crystal proper- 
ties of Na,O; for the shell parameters of the Na” ion we use the 
values reported in ref. 7. The present calculations were pene 
ted by their successful application in other systems ° 

Three important cation sites in the conducti 
NaBAlI,O,, have been identified. Figure 1 sho ep 
known as the Beevers—Ross, anti-Beevers~Ross and mid-oxy- 
gen sites. We have, therefore, performed three lattice energy 
calculations; in each case all the Na* ions were situated a | 
the three sites. The Beevers—Ross configuration 
the lowest lattice energy. The other results are 5i 
Table 1. 
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Energy” 
Configuration | (eV) 
Mid oxygen : 0.39 
Anti-Beevers—Ross 0. 15 


* Energies are given per Na” ion and with respect to thë Beevers- 
Ross configuration. 


Several important consequences fol ilow. from these calcu- 
lations. First, the Beevers~Ross sites are the most energetically 
favourable for the incorporation of Na* ions—a result. 
with experime ntal observation’. But the differenc 
energies of the Na“ at this site and other confi 
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Fig.2 Oxygen interstitial in conduction plane. The interstitial (5) 
is stabilized by the movement of the AI” ions (@) as shown. A 
bridging oxygen ion is also shown. 


Dixon and Gillan’® for the superionic fluorite materials will be 
required. F | 
Excess oxide ions in non-stoichiometric 8-Al,O, are 
incorporated in the conduction plane. Recent diffraction studies 
have suggested that these O°” ions are stabilized by the dis- 
placement of two neighbouring aluminium ions from their 
lattice positions into ‘interstitial’ sites above and below the 
conduction plane; Fig. 2 illustrates the resulting complex. To 
test the feasibility of these proposals, we performed calculations 
using the HADES HI program first on the conduction-plane O*~ 
interstitial, and second on the interstitial with both neighbouring 
displaced Al** ions. We found that displacement of both ions 
resulted in a stabilization energy of 1.0 eV. Our results confirm 
the Roth model. They also indicate a tendency for exceptionally 
large displacement of lattice ions around ‘defects’ in B-Al1,O3. 

We have performed calculations using the HADES III pro- 

gram of vacancy and interstitial energetics in B-AI,O;:, and 
found, remarkably, that the formation of all defect species is 
energetically favourable. The result is not attributable to 
inadequacies in our lattice model, as the calculations converged 
successfully, without excessive ion dipoles developing. Rather, 
the favourable defect energies are due to the ability of the 
conduction plane and neighbouring spinel block tons to relax 
extensively around charged defects—a feature of the defect 
chemistry of 8-Al,O, already shown by the structure of the 
oxide interstitial, but which our work suggests is general to this 
material. | = 

It is also clear that if defect formation is a favourable process 

in NaBAI,Os, then the stoichiometric compound would not be 
expected to be stable; the compound will disproportionate into a 
defective non-stoichiometric compound and Al-O,. Although 
our discussion cannot yet be more quantitative, we believe that 
we have identified the essential feature of Nag ALO; respon- 
sible for its unusual stoichiometry, namely the exceptional 
stability of defects which in turn arises from the very large ion 
relaxations possible around conduction plane species. 

Our results suggest that the unique features of B-Al,O, can be 
attributed to two related factors: the flatness of the sodium ion 
potential surface in the conduction plane; and the tendency for 
large ion relaxations around defect species in the plane. This 
‘fluidity’ of the conduction plane is obviously the basic cause of 
the superionic properties of B-Al,O;. However, it raises serious 
problems for the detailed modelling of the material. Static 
simulations cannot yield information beyond the general gui- 

‘dance which the present results have provided. Molecular 


0028-0836/80/310474—03901.00 


Nature Vol. 286 31 July 1980 





dynamic simulations are necessary. Preliminary results have 
been reported by de Leeuw'’, but detailed simulations would be 
of great interest. a ee 
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Attempts have been made to find green plants which produce 
low-molecular weight hydrocarbons’” and to find seaweeds 
which produce hydrogen from water utilizing solar energy™“. 
These attempts are aimed at finding methods of making use of 
the photosynthetic process in plants for direct production. Most 
green plants, however, synthesize carbohydrates, such as sugar, 
starch and/or cellulose, from water and carbon dioxide. The C, 
plants*, such as corns and sugar cane, grow rapidly, utilizing 
solar energy with ~ 1% efficiency for the fixation of CO. This 
value is 10 times larger than that of the average efficiency of 
photosynthesis of plants, 0.1%. However, the carbohydrates 
produced by these plants cannot be used directly as fuel. Here 
we show a new route for the conversion of carbohydrates into 
hydrogen (a clean fuel in the hydrogen energy system), taking 
advantage of the photocatalytic process. We found that the 
irradiation of the carbohydrates, not only sugar or starch but 
also cellulose, in the presence of water and a RaO,/TiO,/Pt 
photocatalyst powder leads to the efficient production of hyd- 
rogen gas, 

This new process is expressed as equation (1) together with 
the photosynthesis of carbohydrates by green plants (equation 
(2)}, as follows: 





hv, RuQ2/TiO2/Pt 


(C5H1206), + 6n H:O —————_--—_> 6n CO, + 12n H, 


| (1) 
(CeHi20¢6), + 6n Og . (2) 


hr, green plant 


6n H,0+6n CO, 








Da HO ee O98 TT (3) 


Here, (C,H,,0«),, represents sugar (saccharose) (n = 2), starch 
(a = 100) or cellulose {n = 1,000-5,000) after hydrolysis. 

Accordingly, the overall reaction results in the decomposition 
of water to produce hydrogen (equation (3)), the CO, being 
recycled. The reaction (1) proceeds almost without loss of 
energy (heat of combustion: 688 kcal mol”! for (Ce6H120¢), =1 
and 680 kcal mol`’ for 12 H,). 

The typical experimental conditions are as follows: the 
powders of RuO, (Rare Metallic), TiO, (Katayama Kagaku) 
and Pt (Engelhardt) (weight ratio = 10:100:5) were mixed and 
ground in an agate mortar, and this powder was suspended in 
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neutral water (40 ml) i in a Pyrex glass bulb (280 ml). Then a 


sugar (600 mg, Nissin Seito pure white sugar) or a soluble starch 
(120 mg, Katayama Kagaku) was dissolved in the solution and 
the bulb was deaerated and illuminated by a 500 W Xe lamp. 
F lulose, a filter paper (Toyo Filter) was cut 
, into pieces and pu -into neutral water or a 6 M NaOH water 

solution with the photocatalyst forming alkali-cellulose. The 
gases evolved were collected and analysed by a mass spec- 
trometer, and the amounts of the gases were determined with a 
manometer with raps at ~197, —78 and —10°C, as described 
previously®, = 

When the photocatalyst suspension in water with the sub- 
strate was illuminated, gas bubbles were vigorously generated 
out of the depth of the solution near the illuminated area. The 
bubbling stopped when the light was turned off. The evolved 
gases were mainly Hy and CO,, with very small amounts of 
CHOH and C,HsOH (less than 0.2% of the total amount). 
Table 1 summarizes the amounts of hydrogen evolved from 
sugar, starch or. cellulose with water, and Fig. la shows the 
evolution of H, and CO, from sugar plotted against irradiation 
time. The ratio of the formation rate of H, to CO, was 3:1 to 
4:1 at the initial stage, becoming about 2:1 in the stationary 
state. No CO, CH, and O, were evolved. When NaOH was put 
into the solution to form 6M NaOH solution during the reaction, 
only H; was ‘is ed. (Fig. la), and the CO, produced was 
absorbed in solution presumably as NaCO, or NaHCOs. 
Also with the cellulose in 6M NaOH aqueous solution, pure 






















hydrogen was. evolved (Fable 1). The quantum yields of the H; 


production determined by monochromatic irradiation at A = 


380 nm for sugar, starch and cellulose were 1.2, 0.8 and 0.3%: 


respectively i in neutral water and 1.5, 1.3 and 1.0% respectively 


in 6M:NaOH. These quantum yields, using the RuO,/TiO,/Pt 


photocatalyst, were 100 times larger than those obtained with 
TiO, alone (Table 1): To confirm that no detectable amounts of 
other products. were formed in the solution at the end of the 
reaction, an experiment was carried out with a small amount of 
sugar (13 mg, corresponding to 1 mmol of H, gas), using a 
Hg-ultra-high pressure lamp (500 W, Philips) which emits 
intense UV light (A <320 nm was cut by a Pyrex glass filter), 
instead of the Xe lamp. The sugar was then completely deco- 
mposed within 18 h producing only the corresponding H, and 
CO, gases (Fig. 1b). These results show that the reaction (1) 
occurs. successfully in this experimental condition at room 
temperature, simply producing gaseous H; and CO). Surpris- 
ingly, the hydrogen was evolved not only from water and sugar, a 
relatively large ñ molecule, but also from water and starch or 





‘Table 1 Hy and CO, evolution from water and sugar, starch or 
cellulose on the RuO,/TiO,/Pt photocatalyst suspended in neutral 
`- water and 6M NaOH solution, irradiated by 500 W Xe lamp 


Quantum 
yield at 
H- CO, À = 380 nm 
Reactant ar 20h) (Įmol/20 h) (%) 
Sugar + H2O | 280 133 1.2 
Starch + HO 204 96 0.8 
Cellulose + H,O 70 42 0.3 
H-0 4 i = 0.02 
Sugar +6M NaOH 341 ~ - 
Starch + 6M NaOH 320 — = £3 
Cellulose + 6M NaOH 244 o — 1.0 
Sugar + H2O with 
TiO, catalyst 2 1.2 ~= 





Experimental conditions: sugar (600 mg), starch (120 mg), cellulose 
(120 mg), RuO,/TiO2/Pt photocatalyst (300 mg), H20 (40 mi), 6M 
NaOH aqueous solution (40 ml). All the values fluctuated within at most 
_ £10%. The rates of gas evolution represent the values at 50 h after the 
-beginning of the irradiation. The quantum yield means the number of 
< -electrons used for the H, evolution divided by the number of incident 
7 photons, taking into consideration that two electrons produce one H- 
; molecule. 

Jo. Oxygen (1.6 umol per 20 h) was simultaneously evolved. 
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Fig. 1 a,°H, and CO, evolution from sugar in water versus the 
irradiation time. Experimental conditions: sugar (600 mg), HO 
(40 ml), RuO,/TiO2/Pt (300 mg), 500W Xe irradiation. Addi- 
tional sugar (600 mg) and NaOH (9.6 g) were put into the solution 
at 85 and 130 h after the start of the reaction, respectively. b, Ho 
and CO, production with the irradiation time from a small amount 
of sugar. Experimental conditions: 500 W Hg-ultrahigh-pressure 
lamp, sugar (13mg), HO (40m), BuO,/TiO2/Pt. (150 meg). 
Arrows (—} indicate the estimated amounts of H, and CO, which 
are produced from 13 mg of sugar ac cording to equation (i), 


cellulose, the stable macromolecule which consists of about a 
hundred to thousands of molecules cf glucose. 

The mechanism of the reaction coud be explained by regard- 
ing the RuO.,/TiO,/Pt powder as an 2lectrochemical microcell, 
as follows: the light of energy larger ` han the band gap of TiO, 
(3 eV) produces electron-hole pairs; then the separated electron 
and holes can make redox reactions ai the surface of the particle 
with the molecules in the solution (Fig. 2). This particular 
RuO,/TiO;/Pt photocatalyst is very active in reaction (1) (100 
times more active than TiO, alone), »resumably because RuOQ, 
is one of the best electrode materials for the oxidation of water’ 
and Pt for hydrogen evolution’. As carbohydrate i is expressed as 


(CHO), and is an assembly of (H— cos which has alco- 


holic -OH groups, we chose CHO- and HCHO as the model 
C, compounds, and examined ther photocatalytic reactions 
with water on the RuO,/TiO,/Pt photocatalyst. It is. already 
known that CHOH is photooxidized to form HCHO on a single 
crystal. TiO, photoanode” {CHLOE + 2p — HCHO+2H*). In. 
our experiment using RuO,/TiO,/Pt powder, the CHOH was 
oxidized into HCHO, and simultareously, H” was reduced to 
form H, (Quantum yield ~44%). It was also observed that 
HCHO with water was finally converted into H, and CO, 
(H,:CO,= 2:1) on this photocatalyst (HCHO + H,O — 2H, + 

CO,). Consequently, the carbon chains of carbohydrates in 
water would be successively oxidized by the hole at the oxidizing 
site of the catalyst to form H* and CO., while the electrons 
would reduce H™ at the reducing size to form Ho, similar to the 
case of CHOH and HCHO. The larger amount of H, produc- 
tion at the emp of the reaction woukd be due to the 

i p sarbohydrate to form | ae FAA 
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Fig.2 A schomatic figure of the RuO,/TIO,/Pt particle. O, Hole 

ip) in the valence band of TiO,; @, slectron (e) in the conduction 

band. A and D represent acceptor and donor, respectively, of 

electrons in the solution. In reaction (1), carbohydrate and proton 
in the solution play the roles of D and A, reapectively. 


Note also that this RuO,/TiO,/Pt photocatalyst can decompose 
water directly into H, and O, with a quantum yield of 0.02% at 
A =380 nm (Table 1). 

As solar energy conversion into chemical energy by a man- 
made device with efficiency of >1% is not cheap or easy at this 
stage, the use of the photosynthetic power of green plants for 
making fuels is still effective’. In Brazil, a project is under way in 
which sugar taken from rapidly growing sugar cane is fermented 
into ethanol for use as a fuel, using bacteria’’°. The fermen- 
tation, however, is a delicate procedure, and occasionally an acid 
is formed instead of alcohol. In our method, the capture and the 
fixation of dilute CO, is-left to the plants, and the produced 
carbohydrates are artificially converted into H, and CO, using 
the photocatalytic reactions on the stable inorganic semicon- 
ductor powder. ‘This process may be called ‘photoinduced 
fermentation’. The CO; evolved can be collected and may be fed 
back to the plants as concentrated CO, gas. In the concentrated 
- NaQH solution, we can get pure hydrogen gas (Fig. 1a) and 

simultaneously Na,CO, or NaHCQs, important substances for 


the chemical industry. Furthermore, the rates of Hz production | 
from carbohydrates were greatly enhanced in 6M NaOH solu- 


tion compared with that in neutral aqueous solution (Table 1). 

Another method for the production of pure hydrogen, utilizing 
reaction (1) ina photoelectrochemical coll is now under investi- 

gation: the carbohydrate with water is oxidized at a‘ semicon- 
_ ductor photoanode to form CO; in one cell, with H, production 
from water at the cathode in the other cell. 


Using the strong oxidizing power of the RuO,/TiO; photo- | 


catalyst powder, we have demonstrated the photoinduced 
water—gas reaction with formation of Hz from water and 
solid carbon‘, the direct decomposition of water into H, and O, 
(refs 11, 12) and, in this study, the decomposition of carbo- 
- hydrate by RuO;/TiO,/Pt to produce Ha. This method may also 
be applied to the decomposition of excrements containing 
cellulose, protein and fat, accompanied by the production of H, 
as a fuel. We are also interested in the possibility of the deco- 
mposition and scavenging of abandoned carbon compounds in 
nature (such as corpses of animals) using a semiconductor 
photocatalyst (Fe,03, WO, and so on) instead of bacteria. 


Roceived 4 March; sccuptad 15 May 1980 
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Leg 61 of the Deep Sea Drilling Project (DSDP) was concerned 
with drilling a single continuously cored multiple re-entry hole’ 
at site 462 in'the Central Nauru. Basin (Fig. 1). Preliminary’. 
results of this drilling, which pemzetrated more than 1 km beneath 
the sea floor, were presented carlier’”. One major result was the 
discovery of a late Cretaceous off-ridge volcanic/intrusive 
complex of besaltic composition and’ great thickness (>500 m).: 
We now present trace element abundance data for these basalts. 
Results of the drilling provide further support for a relatively 
long-lived thermal and magmatic event in the late Cretaceous 
resulting In voluminous and widespread. magmatism in. the 
ceatral.and western Pacific consistent with eariler sugges- 
tions’ *. The trace element data show that most of the rocks 
produced during this event have trace element characteristics 
intermediate, between those of normal and transitional mid- 
ocean ridge basalts (N- and T-type MORB)* and differeat from 
Hawaiian basalts’. These results indicate that basalts which are 
depleted in ight rare earth elements (LREE) relative to the 
beavy REE may, in certain conditions, be erupted as volu- 
minous intra-plate eruptions far from active ridge crests. 
-DSDP site 462 is located in the Central Nauru Basin in a 
region of low topographic relief and bottom depths of ~5,100 m 
(ref. 1) and lies on magnetic anomaly M-26 (~155 Myr BP)**” 
The Nauru Basin.is bounded on the west and south by the 
Ontong—Java plateau'’*’*, on the east and north by the Gilbert 
and Marshall ridges**’>"*’° and on the north-west by the 
Caroline Ridge’*"'* (Fig. 1). It is a region of well developed 
Mesozoic magnetic anomalies and since the mid-Cretaceous has 
been the site of’ turbidite deposition from the sutrounding 
elevated regions’. Palaeomagnetic data show that the Nauru 
Basin basalts are all normally magnetized, indicating that they 
were largely emplaced during the Cretaceous long normal event 
which lasted from 109 to 80 Myr BP. As the age of the Pacific 
crust at this site is about. 155 Myr BP, this magmatic event 
occurred off-ridge on oceanic crust at least 46 Myr old'*””. 
Based on on-board petrographic and X-ray fluorescence 
analyses for several major elements’ and later shore-based 
chemical analyses of several hundred samples, it is clear that the 
basalts produced during the off-ridge magmatic episode in the © 
Nauru Basin are mineralogically and chemically similar to 
MORB"”. They are quartz and olivine-hypersthene normative 
and have mineralogy and major trace element characteristics 
which are very similar to many types of oceanic ridge basalt (see 
Table 1). However, they differ significantly and systematically in 
the following respects: (1) ‘Nauru Basin basalts have higher | 
FeO*/MgO ratios for a given TiO content than N-type MORB. 
For example, at TiO, contents of 1.0 wt %, FeO*/MgO is 
1.3-1.5 compared with 0.8-1.0 for N- type MORB™?, Trends of. 
FeO*/MgO and TiO, wt % for Nauru Basin basalts are el 
to trends for N-type MORB but displaced to higher FeO*/ MgO 
ratios. (2) Spinels in Nauru Basin basalts have lower Mg/Mg+ 
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O Fig.1 Bathymetry of the western and central Pacific” showing the location of DSDP sites 462 and 169. 


Fe’* ratios (0.49-0.54) and higher Cr/Cr + Al ratios (0.54-0.73) 
than N-type MORB (0.6-0.8 and 0.4-0.6, respectively)” and 
these co-exist with olivine of generally lower Mg number 
(100 Mge/(Mg+Fe**) of olivines is 0.83-0.84) than found in 
N-type MORB. (3) Nauru Basin basalts have higher La/Sm 
ratios at given Sm contents than N-type MORB, but lower 
La/Sm ratios than transitional MORB* and Hawaiian tholeiitic 
basalts’ (see Figs 2, 3), Abundances of Sc, Cr, Co, Ni, Sr, Hf and 
Zr fall within the range of abundances for MORB (Table 1). 
Thus, Nauru Basin basalts are depleted in LREE as are N-type 
MORB, but the level of depletion of LREE is significantly and 
systematically less than that of N-type MORB. 

The geological evolution of the central and western Pacific 
during the Mesozoic is apparently quite complicated and may 
involve very rapid spreading rates from several relatively short- 
lived ridge crest segments, numerous ridge jumps and creation 
of thick volcanic piles******. The formation of abundant 
seamount and island chains'***, guyots*’ and high standing 
plateaus*’* is thought to have occurred in late Mesozoic time 
but the relationship between this widespread volcanism, vertical 
movements and plate geometrics and evolution remains 
problematic™ $975, 

A possible clue to the nature of volcanic/tectonic evolution of 
the western and central Pacific is provided by the widespread 
occurrence of off-ridge basalts with trace-element abundances 
like those of the Nauru Basin elsewhere in the region. Basalts 
which are depleted in LREE but which have unusually high 
La/Sm ratios (relative to the N-type MORB) have been 
encountered in DSDP holes 169 (ref. 27), 289 (ref. 28) and 317 
(ref. 29) drilled during Legs 17, 30 and 33. These basalts occur 
either as sills or as lava flows on plateau regions and contrast 
chemically with volcanic rocks of broadly similar age which form 
the seamounts and seamount chains of the western and central 
Pacific**”*, all of which are alkalic and more enriched in LREE. 
It is possible that much of the crust in the area of the Darwin 
Rise”, within which the Nauru Basin and other DSDP sites that 
encountered off-ridge basalt with MORB trace element abun- 
dances all lie, is pervasively intruded. 
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Fig. 2 Representative chondrite-normalized REE abundance 
patterns for several samples drilied during DSDP Leg 61. The sills 
(with interlayered sediment) comprise the upper portions of the 
Nauru Basin igneous complex and the flows occupy the lower 
portions of the section. Analyses were carried gut by instrumental! 
neutron activation analyses*’. Fare earth and other trace element 
data will be reported elsewhere’ but are available before then 
from R.B. 
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Table 1 Representative chemical ‘analyses 








Ontong—Java 

Nauru Basin Plateau 
Oxide (wt %) 
or element 462-64- 462A-20- 462A-72- 289-132- 
(p.p.m.) 1-8-11 1-115-121 3-21-23 4-6-10 
SiO. 49.78 * 47.50 49.24 49.4 
TIO, 1.52 1.62 1.02 1.6 
Al,O; 14.76 14.69 15.33 14.9 
FeO; 3.62 2.88 3.52 4.1 

9.07 10.15 7.30 iS 

MnO 0.21 0.26 0.19 0.14 
MgO 7.01 7.09 7.70 6.6 
CaO 9.44 11.14 12.29 10.6 
NaO 2.19 2.26 1.95 2.3 
K,O 0.12 0.05 0.05 0.34 
P20; 0.17 0.18 0.13° 0.14 
H,0* 1.08 0.82 0.99 22 
H,O 0.67 1.08 0.81 
Total 99.64 99.72 100.52 99.82 
La 4.29 4.13 2.59 4.45 
Ce 13.1 11.53 7.41 11.77 
Sm 3.33 3.18 2.19 3.59 
Eu 1.29 1.11 0.81 1.12 
Tb 0.95 0.82 0.61 0.85 
Yb 3.78 2.98 2.28 3.09 
Lu 0.55 0.45 0.35 0.48 
Se 51 41 45 46 
Cr 228 179 313 298 
Co 51 44 46 38 
Hf 2.96 2.51 1.54 2.40 


289-1324-27). Major clement analyses of Leg 61 samples were done 
by wet chemical techniques and trace elements by instrumental 
neutron activation analysis”. 


If this speculation is correct, very large portions of the Pacific 
may have been constructed by a combination of normal oceanic 
crustal creation processes (at ridges) together with voluminous 
off-ridge additions of basaltic material of broadly similar chemi- 
cal composition. Perhaps coincidentally, the Caribbean flood 
basalts encountered during Leg 15 of DSDP have nearly iden- 
tical trace element to the Nauru Basin and other 
basalts described previously” and the crustal ages and struc- 
tures inferred from geophysical studies are also similar””’. This 
may indicate that conditions leading to the generation of large 
volumes of intra-plate basalt chemically similar to MORB were 
not unique to the Pacific. 

The major conclusions from the trace element data of Nauru 
Basin basalts and interpretation of these data in the light of 
voleanic and tectonic evolution of the central and western Pacific 
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Fig. 3 (La/Sm) chondrite normalized enrichment factor as a 
function of Sm abundance for Leg 61 lavas (small dots). Also 
shown, for comparison, are normal mid-ocean ndge basalts 
(MORB) from the Siqueiros Fracture Zone™ (circled crosses), 
analyses from Sun et alô (large dots) and analyses from the 
Ontong—Java plateau (small circles). Note the clear separation of. 
Leg 61 sills from flows and the intermediate La/Sm ratios of Leg 61 
basalts. They occupy a field between normal and transitional types 
of MORB. 


are as follows: (1) The Nauru Basin volcanic complex is 
composed of basalt which has trace element characteristics that 
are intermediate between N- and T-types of MORB. (2) Basalt 
of this compositon is widely distributed throughout the western 
and central Pacific in sills and aseismic plateaus, but it is not 
known if this distribution is continuous. Basalt of similar chem- 
istry is also present in the Caribbean crust. (3) More tentatively, 
it may be concluded that the wide distribution of off-ridge basalt 
chemically similar to MORB in the crust of the western and 
central Pacific is an indication of unusual processes of crustal 
origin and évolution in this region. Clearly, though, much more 
information is required before the nature of such processes is 
determined. i 
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Oxygen-18 records of benthic foraminifera from northeastern 
Atlantic and Southern Ocean cores are different. 
This difference indicates that the deep water in the northeastern 
Atlantic Ocean during the last Ice Age was at least 1.3 °C cooler 
than in modern times. We show here that the occurrence of such 
a cold deep water mass implies that the North Atlantic was a sink 
for dense surface waters, replacing the Norwegian Sea where ice 
cover and stratification prevented the formation of deep water. 

Over the last few million years, the Earth’s climate has 
alternated between ice ages and warmer intervals. Although 
there have been many quantitative studies of the response of the 
ocean—atmosphere-ice system to climatic changes, most of these 
have been concerned with the history of ocean surface waters, 
based on faunal analysis of fossil plankton from deep sea 
sediments’. However, the formation and circulation of deep 
water are also affected by climatic changes. The present major 
source of North Atlantic Deep Water (NADW) is the Nor- 
wegian Sea, in which an inflow of warm saline surface water is 
progressively cooled during its transfer towards high latitudes. 
This loss of heat to the atmosphere within the Norwegian basin 
increases the density of the surface water so that it sinks to the 
bottom, where it overflows the sills in the Denmark strait and the 
Faeroe channel and moves southward into the Atlantic Ocean’. 
During the last ice age, however, the Norwegian Sea bottom 
water has been shown to be warmer than at present’, so that the 
Norwegian Sea was not a sink for surface water, which followed 
from the disappearance of the Norwegian current* and 
stratification due to a permanent ice cover’. This implies a major 
change in the origin and circulation of the deep water of the 
Atlantic Ocean. Additional evidence for these changes is found 
in the benthic foraminiferal fauna changes of the North Atlantic 
Ocean during the last climatic cycle**; however, it has not been 
possible to interpret these faunal changes in terms of tempera- 
ture variations of the NADW. 

During the cruise FAEGAS 1 of the French RV Jean Charcot 
in the northeastern Atlantic, piston core CH 73139C was 


Table 1 '‘C dates of cores CH 73139C and MD 73025 
Core CH 73139C Core MD 73025 

Depth Age Depth Age 

(cm) (yr) (cm) (yr) 

7-13 2,020+200 35-39 6,880+ 330 
46-50 5,300 +260 76-80 8,230+370 
71-83 8,520+350 152-159 8,950+400 

112-120 12,020+480 182-186 9,.930+440 _ 
140-144 11,800+480 226-230 10,400 + 460 
157-165 15,230+770 276-280 12,620 +550 
180-184 16,900 +900 324-329 17,700 + 1,000 
220-224 23,300+ 2,100 355-359 19,000 + 1,200 
416—420 24,700 +2,400 


AC half life of 5,730 yr has been used. No correction has been made 
to take into account isotopic fractionation in samples or apparent age of 
seawater carbon 
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Flg.1 Location of core CH 73139C. Lines with hachures indicate 

the extreme poleward and equatorward position of the polar front 

during isotopic stages 2, 3, 4. Core CH 73139C was north of the 
polar front during about half of this period’®. 





collected at 54°38’ N, 16°21’ W from a water depth of 2,209 m 
(Fig. 1). A sedimentological description of this core has been 
given elsewhere’. Radiocarbon dates have been obtained on the 
coarse fraction (>44 um) which consists of a foraminiferal ooze 
with non-calcareous detrital] material below 1m. The mean 
sedimentation rate during the past 17,000 yr was calculated to 
be ~11.9 cm kyr™ (Table 1). 

We have measured the *O/'°O ratio of the benthic foramini- 
feral species Cibicides wuellestorfi and a mixture of C. kullen- 
bergi, C. gr.io and C.sp. (ref. 10). Analyses were performed using 
a Micromass 602 C mass spectrometer with experimental pro- 
cedures described elaewhere’’. Replicate analyses of the same 
carbonate gave a standard deviation of 0.07% for a single 
measurement. Results are expressed as 3°"O defined by the 
relationship: 


(*0/*SO) sample 

"o= ae, 1| x10 
: (*0/'SO)PRB 

where PDB (Pee Dee Belemnite) is the Chicago PDB 1 stan- 

dard. 


Although most benthic foraminifera yield different oxygen 

isotopic values’?, all the Cibicides species from the same level in 
the sediment have identical oxygen isotopic ratios within 
experimental errors. Mean values for each level are reported in 
Table 2. 
- The isotopic record of benthic foraminifera in core CH 
73139C is reported in Fig. 2a with a,constant correction factor 
of 0.64 % to take account of Cibicides departure from isotopic 
equilibrium*”’. This record is readily correlated with the stan- 
dard sequence of stages to stage 6 as defined by Emiliani’*. The 
absolute 8'*O values obtained and their variations with core 
depth closely match those from other cores from the North 
Atlantic Ocean***, in agreement with the hypothesis that the 
major signal in these records refiects isotopic changes in the 
world’s ocean water resulting from the variation of continental 
ice sheets. 

The isotopic record shows that the sedimentation rate has 
varied during the last climatic cycle: assuming an age of 
127,000 yr for the boundary between isotopic stage 5 and stage 
6 (ref. 13), a mean sedimentation rate of 5 cm kyr is obtained 
below 1.8m, which is about half of that determined for the 
upper part of the core. However, the sedimentation rate did not 
remain constant during that time. From the late glacial maxi- 
mum to the boundary between isotopic stage 4 and stage 5, a 
mean sedimentation rate of 5.9cmkyr’*can be calculated 
according to the time scale developed by Broecker and Van 
Donk'®, Within stage 5, the fine structure of the isotopic record 
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recognized first by Emiliani’’ is not in evidence in core CH 
73139C. However, the 5'*O peak between 720 and 620 cm can 
be unambigously correlated with isotopic substage 5e on the 
basis of 5'*O values similar to the modern ones and of the 
occurrence in the planktonic foraminiferal fauna of warm spe- 
cies like G. crassaformis which has been reported only during 
that substage in the north-east Atlantic ocean’*. Assuming an 
age of 115,000 yr for the Boundary between isotopic substage 5e 
and substage 5d, a mean sedimentation rate of 8.3 cm kyr™ is 
calculated during substage 5e. In contrast, the sedimentation 
rate has dropped sharply between 115,000 and 75,000 yr BP 
(isotopic substages 5a to 5d) because only 1 m of sediment was 
deposited during that time. This low sedimentation rate 
(2.5 cm kyr’) is probably responsible for the blurring of the fine 
structure of the isotopic record’*. Therefore, this part of the 
record will not be discussed in terms of palaeooceanographic 
change and we shall limit our discussion to the last 75,000 yr. 

The present bottom water at the location of core CH 73139C 
is the North Atlantic Deep Water (T = 3.3° C; S = 34,96): its 
5'°O is +0.12 versus SMOW'®. The measured 6'8O value for 


E E T ea N E A AE AAAS 
Table2 Oxygen isotopic analyses (8'°O/PDB) of Cibicides wuellestorfi 
and Cibides sp.* 
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Fig. 2 a, Variations of 8'0 of Cibicides wuellestorfi and of a 


8*0 ô °oO mixture of C. kullenbergi, C.gr.io, and C.sp.b, Variations of 8 #0 of 
(Cibicides) (Cibicides) benthic foraminifera in North Atlantic core CH 73139C and 
Levels wuellestorfi Levels sp. southern Indian core MD 73025 with time during the past 
TOP +2,59 340 +4.21 75,000 yr. A constant correction factor of 0.64 % for Cibicides in 
350 +4.19 core CH 73139C and of 0,40 % for Nonion in core MD 73025 have 
360 +4.22 been applied to take account of departure from isotopic 
15 +2.58 370 equilibrium +1513, Major isotopic stage boundaries’ are cor- 
20 +2.57 375 +4.37 related with dashed lines. 
30 +2.60 380 
40 +2.64 390 +4,25 | . 
50 +2.67 400 +4.25 Cibicides in the upper 10 cm of core CH 73139C is +2.58 versus 
60 +2.66 | 410 +3.95 PDB. Using a correction factor of 0.64 to take account of 
70 +2.75 420 +4.11 Cibicides departure from isotopic equilibrium®”?, we calculated 
an isotopic temperature of +3.5+0.4°C, again in good 
85 +2,82 435 +4.24 agreement with the modern conditions. The upper part of the 
90 +2.83 benthic record contains 5'“O variations of high amplitude, up to 
100 +2.89 a 1.9 % between the Holocene and the last glacial maximum. Such 
a oy po 44.15 large 5'*O changes have also been reported for two other deep 
130 4341 480 +403 sea cores from the North Atlantic Ocean™”. These large varia- 
135 +3.46 490 +3,97 tions reflect the fact that deep water in this area experienced 
145 +3.42 500 +4.22 large changes in physical parameters during the last climatic 
150 +4.06 510 +4.06 cycle. 
155 +3.88 520 +3.84 In contrast, benthic records from the Pacific and Indian 
160 +4,34 530 +3.80 Oceans contain 5 '*O variations of much smaller amplitude. One 
170 +4.73 540 +3.59 of the most detailed benthic records from this area is that of core 
e por ron ee MD 73025, collected in the diatom ooze belt at 43°49’ S, 
EA poe si = 51°19’ E in a water depth of 3,284 m during the cruise OSIRIS I 
ane i 4 48 380 43 58 of the French MS Marion Dufresne in the Indian Ocean. 
210 +4.22 590 +3.59 Radiocarbon dates (Table 1) have been obtained on the total 
600 +3.87 carbon content of the sediment and indicate that the most recent 
225 +4.62 610 +3.83 sediment has been lost during the coring process, However, the 
620 +3.53 first 2.5 m of the core are Holocene in age and the sedimentation 
235 +4.61 630 +3.30 rate is as high as 54.5cmkyr'. Between 11,000 and 
645 +3.11 24,000 yr BP, the sedimentation rate was only 11.7 cm kyr™ 
245 Te sae are indicating a sharp decrease of the diatom production during the 
255 +4.14 690 +2.65 last Ice Age. r 
= l 700 +2.85 Digital 8 "O values for Nonion were reported by Duplessy . 
265 +4.10 710 +2.85 The isotopic record of core MD 73025 extends to Emiliani’s 
l 720 +3.57 isotopic stage 6, and, due to the high sedimentation rate, pro- 
275 +4.22 730 +4.28 vides one of the most detailed isotopic sequence covering the 
740 +5.00 last climatic cycle. The present bottom water at the coring site is 
285 +4.49 750 +4.67 the circumpolar water (T =+0.6°C; S= 34.69). Using the 
760 +4.75 measured 5'*O values for Nonion in the upper 10cm of core 
300 +4.68 770 +4.64 MD 73025, using a constant correction factor of +0.4 % to 
310 +4.39 780 ee compensate for Nonion departure from isotopic equilibrium”, 
ea ° T ba a 5 and using Shackleton’s palaeotemperature scale which is valid 





* Mean values are reported for each level. 





for low temperature”? when a 6"°O value of —0.3 versus SMOW 
is assumed for the Circumpolar Water'®, we calculated an 
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isotopic temperature of 0.8 + 0.4 °C, in good agreement with the 


modern temperature at the site. In this record in which both . 


modern and last glacial maximum conditions are weil documen- 
ted, the amplitude of the isotopic shift between isotopic stages 2 
and 1 is only 1.6%. l 

The isotopic record of core MD 73025 is readily correlated 
with that of the high sedimentation rate core V19 29 from the 
equatorial Pacific Ocean, analysed by Shackleton”’. We there- 


fore conclude that the benthic records from the Pacific and . 
Indian Oceans show highly correlated variations with an ampli- ` 


tude of 1.6 % which is 0.3 % smaller than that of the northeast- 
ern Atlantic cores. í 

Figure 2b compares the 6'*O records of the southern Indian 
Ocean core MD 73025 (ref. 11) and the northeastern Atlantic 
core CH 73139C during the past 75,000 yr. Both cores are 
plotted with the same time scale, but the &*O of the Indian 
Ocean record has been shifted by 0.25 % to compensate for the 
present-day difference between the two sites. As the same 
species has been continuously analysed along each core, this 
shift, which brings into coincidence the two Holocene mean 
&'*O values, allows us to compare the isotopic records at the two 
sites independently of the correction factors introduced to take 
into account the departure from isotopic equilibrium in benthic 
foraminiferal species. The two records are clearly significantly 
different and cannot both simultaneously reflect only continen- 
tal ice volume variations. This amplitude difference cannot be 
explained through a smoothing of the Indian Ocean record due 
to benthic mixing as this core has a very high sedimentation rate: 
using the mixing model of Peng et al.“, '“C data from core CH 
73139C indicate an upper limit for the mixing layer thickness of 
15 cm. This thickness, which is similar to that measured in most 
cores, is equivalent to a time interval of 1.400-3.000 yr, which is 
smaller than the duration of the full glacial conditions or any 
other climatic extreme. In fact, for both cores, the 8**O values of 
glacial and interglacial extremes are well defined and practically 
unbiased by bioturbation. As North Atlantic Deep Water ori- 
ginates in the high latitudes of the North Atlantic Ocean 
whereas the circumpolar water originates mainly in the Weddel 
Sea” the differences between these two kinds of isotopic records 
indicate that the northern and southern sources of oceanic deep 
water have had different histories during global climatic varia- 
tions. 

The only explanation for such a difference between the iso- 
topic records is a cooling of the northeastern Atlantic deep 
water: at present, Antarctic Bottom Water is formed during the 
winter when sea water freezes. As the ice forms, it rejects most 
of the salt from the water, so that the salinity and density of the 
water increase. As a result, this denser water sinks”. As 
increasing bottom water formation during glacial perlods has 
been inferred from particle size analysis of sediments of the 
Vema Channel™, this enhanced formation process which occurs 
at the freezing point cannot produce bottom water warmer than 
that produced at present. Thus, as a conservative estimate, we 
shall assume that the deep water from. the southern Indian 
Ocean experienced no temperature change ‘in the past and that 
the &"*O record of core MD 73025 reflects the normial glacial 
effect, which is continental ice volume variations. Many-hypo- 
theses can be advanced to explain the higher amplitude of the 
benthic record of core CH 73139C. For instance, one might 


argue that benthic foraminifera were heavy because the glacial . 


NADW became isotopically heavier than expected. from the 
normal glacial effect, without any temperature change. This 
hypothesis, however, is in conflict with all the reconstructions of 
the glacial North Atlantic’****, The surface salinity map for 
18,000 yr BP clearly shows the occurrence of a well defined 
polar front at 42°N latitude, north of which the salinity 
decreased”. The &"*O of the surface water should also decrease 
in the same way. Palasooceanographic reconstructions clearly 
demonstrate that there are ways (Labrador current, glacial flow) 
to get high latitude melt water to intermediate latitudes, north of 
the polar front. Thus there would be no way that deep water 
forming in this area could become enriched in **O, and the 0.3 % 
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amplitude difference between the Atlantic and south Indian 
benthic records indicates that the glacial NADW was at least 
1.3 °C cooler than at present. 

A second hypothesis, agreeing with the occurrence of cold 
deep water, is that there was a complete absence of deep water 
formation in the North Atlantic during most of the last Ice Age, 
as suggested by the abundance of U. peregrina, a species living 
today in water with an oxygen content falling to below 5 ml per | 
(ref. 8). In such a case, the Southern Ocean would be the only 
source of the world ocean deep water. However, we can rule out 
this possibility as the benthic foraminifera from the North 
Atlantic Ocean were isotopically heavier than those of the 
southern Indian Ocean and Pacific Ocean” during isotopic 
stages 2 to 4. If the only deep water source were located in the 
southern Indian Ocean, all the deep waters should have the 
same oxygen isotopic composition and our data would indicate 
that the glacial NADW was cooler than the deep water source 
itself, which is impossible. 

We thus conclude that the North Atlantic Ocean has been a 
source of deep water during the past 75,000 yr, even during the 
coolest periods. The benthic foraminiferal data of Streeter and 
Shackleton® clearly indicate that the dissolved oxygen content of 
this glacial NADW was sometimes low, reflecting large changes 
in the production rate of the NADW. During the period 15,000- 
75,000 yr BP, the glacial NADW was cooler than today. Our 
evidence is in direct conflict with the theories of Weyl?’ and 
Newell™, who in their models of glacial ocean hypothesize 
warmer deep waters. In contrast, our results suggest that winter 
freezing in near shore areas, producing cold waters, is the most 
likely explanation of the isotopic composition of the benthic 
foraminifera in the North Atlantic Ocean during the last Ice 
Age. More cores will be necessary to determine the coolest deep 
water areas in the North Atlantic Ocean during the last climatic 
cycle, and thus the sources of the Glacial NADW. 

As far as isotope stratigraphy is concerned, our data show tha 
the major signal in the isotopic curves is an ice volume record but 
that minor fluctuations refiecting deep water temperature 
changes are superimposed on it. Until these temperature 
changes are more accurately known, worldwide correlations 
between isotopic records must be restricted only to the major 
trends which define Emiliani's stages. 


We thank M. Kritz, H. M. Sachs, N. J. Shackleton and S. 
Streeter for reviews, J. Labeyrie for useful discussions B. Le 
Coat and J. Antighac for help in the isotopic analyses and A. 
Pujos-Lamy for the determination of the benthic foraminifera. 
The computer treatment of the data was made by D. Norde- 
mann. Carbon-14 measurements were made by G. Delibrias. 
We acknowledge the support of our study by CEA, CNRS and 
DGRST, the support of cruise FAEGAS of the French RV Jean 
ras by CNEXO and the support of cruise OSIRIS I by 


Recorved 13 March, accepted 16 May 1980 


1 Cimmep Propect Members Scarace 191, 1131 {1976}. 
2 Worthmgton, L. V m Ow the North Adantic Cremation, 77-110 (Jobn Hopkins Unrrarecty 
Press, Londen, 1976) 
3 Deuplessy, J. C, Chepouard, L. & Vila, F Soence 198, 1208 (1975). 
4. Kellogg. T B Geol Sec. Am Adem 148, 77-110 (1976) 
5. Keðogr T. B , Doplessy, J C & Shackictoo, N J. Boreas 7, 61 (1978) 
Streeter, 5.5 Quas Res 3, 131 (1975), 
. Sobartker, D Namre 248, 385 (1974). 
8 


10 Puyos-Lamy, A. Recta exp Adicropalemntol, 5,213 (1973) 
11 Depleary, J C m Cimas Changs (od Gribbm, J.) 46—47 (Cambridge Unrversty Pross, 


12 Dypiemy, J C, Lalu, C & Vmot, A C. Sclence 168, 250 (1970) 


‘13 Shsckietoo, N J & Opdyke, N. Quat Res. 3, 39 (1973) 


14. Embham, C J, peo! 63,538 (1955) ` | 

15 Skackiston, N J m The Fate of Poss Puel CO, m the Oceans {ode Anderson, N R, & 
hiziahog, A ) 401-427 (Plenem, New York, 1977). 

Space Phys. 8, 169 (1970) 

17 Embam, C Ann. N Y Acad Scr 98, 521 (1961) e 


Tn aaa 


Nature Vol. 286 31 July 1980 


i VO 


20. Shackleton, N. J. in Les Méthodes Quantitatives d'Études des Variations du Climat au cours 
du Pléistocène (ed. Labeyrie, J.) 203-209 (CNRS, Paris, 1974}, 

21. Ninkovich, D. & Shackleton, N. J. Earth planet. Sci. Lett. 27, 26 (1975). 

22. Peng, T. H., Broecker, W. S., Kipphut. G. & Shackleton, N. J. in The Fate of Fossil Fuei CO, 

_ inthe Oceans (eds Andersen, N, R. & Malahoff, A.) 355-374 (Plenum, New York, 1977). 

23. Sachs, H. M. J. geophys. Res. 81, 3141 (1976). l l 

24, Ledbetter, M. T. & Johnson, D. A. Science 194, 837 (1976). 

25. Alvinerie, J., Caraip, M., Latouche, C., Moyes, J. & Vigneaux, M. Oceanologica Acta 1, 
87 {1978}. 

26: Melntyre, A. et al, Geol. Soc. Am. Mem. 145, 43-76 (1976), 

27, Weyl, P. K. Met, Monogr. 8, 37 (1968). 

28. Newell, R, E, Quar. Res, 4, 117 (1974). 





Enrichment of dissolved phenolic 
material in the surface 
microlayer of coastal waters 


David J. Carlson & Lawrence M. Mayer 


Department of Oceanography, University of Maine at Orono, Walpole, 
Maine 04573 








The sea surface microlayer often has greater concentrations of 
dissolved organic material (DOM) than subsurface water'~*, but 
the chemical nature of this material remains unresolved. Most 
studies of microlayer organic chemistry have focused on lipid®” 
and hydrocarbon components’*"'. Carbohydrate material can 
account for a significant fraction of the microlayer DOM‘ 
supporting IR spectroscopic evidence which suggests that the 
microlayer material is predominantly carbohydrate- 
proteinaceous complexes'*. Some similarity of the microlayer 
DOM to marine humic material has been noted'*""*. We report 
here preferential enrichment of dissolved phenolic material in 
the surface microlayer of coastal waters. 

Two major sources of phenolic substances in coastal marine 
waters are known. Terrestrial drainage delivers dissolved fulvic 
and humic material containing aromatic structures, partially 
phenolic, as important components'*’®. Marine macroalgae, 
especially the Phaeophyta, have been shown to exude significant 
quantities of dissolved polyphenols”. 

The UV absorbance of seawater has been used to examine the 
distribution of DOM in marine waters'®. Coastal waters exhibit 
UV absorbance in an inverse relationship to salinity, indicating a 
terrestrial origin for the substances causing absorption‘ ^, 
Brown” and Mrkva” have suggested that this riverine UV 
absorbance is due to aromatic compounds. The UV absorbance 
of macroalgal exudates has been ascribed to their polyphenol 


content”. Although UV absorbance has been shown to be’ 


inappropriate as an estimate of total DOM in coastal waters™*?5, 
it may be a useful parameter by which to monitor phenolic 
substances. 

We have examined UV absorbance, dissolved organic carbon 
(DOC), and phenolic material in the bulk and surface microlayer 
waters of the Damariscotta and Saco River estuaries. The 
Damariscotta River estuary is a 30-km long, narrow embayment 
in central Maine with limited freshwater input, predominantly 
overflow from Damariscotta Lake. The Saco River is a major 
drainage in southern Maine with an 8-km long estuary, Micro- 
layer samples were collected by immersing a 30 x 30 cm glass 
plate and withdrawing it vertically through the water surface”. 
The glass plate collects a surface layer of water 51+2 unr 
(x¥+95% C.L) thick. All samples were filtered through pre- 
combusted, rinsed glass fibre filters, and the absorbance at 
280 nm measured in 10 cm quartz cells. DOC was measured by 
persulphate oxidation and FR detection?’ using an Ocean- 
ography International carbon analyser. Dissolved phenolic 
material was analysed by a modification of the Folin—Ciocalteu 
(F-C) test”®. ° | 

The UV absorption of the estuarine waters varies almost 
linearly with their phenolic reactivity (Fig. 1), supporting earlier 
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Suggestions that the UV absorbance of seawater reflects aroma- 
tic components. It is not possible definitively to identify the 
source of the phenolic material. Experiments with natural exu- 
dates from in situ macroalgae (Ascophyllum nodosum and Fucus 
vesiculosis) show that exudates have higher ratios of F-C reac- 
tivity to UV absorbance than do the lake, riverine and estuarine 
samples. However, the F-C reactivity, the UV absorbance, and 
the resultant reactivity to absorbance ratios of the exudates 
change with time (range indicated in Fig. 1), as does the UV. 
absorbance of ethanol extracts of the same species’, and this 
variation therefore causes some uncertainty as to the source of 
the estuarine phenolic materials. Bulk water and microlayer 
samples collected within the Damariscotta estuary show the 
same ratio of phenolic reactivity to ultraviolet absorbance as 
samples from Damariscotta Lake. Data from the Saco estuary, 
which has very little macroalgal input, show exactly the same 
trend as the Damariscotta estuary, demonstrating similarity 
between estaurine and lake- or river-derived phenolic material. 
Based on these data it seems that the surface microlayers of this 
estuary contain terrestrially derived phenolic material. 

Data from the Damariscotta and Saco estuaries (Fig. 2) 
demonstrate consistent microlayer enrichment of UV absor- 
bance, and hence phenolic material. The DOC levels, however, 
do not exhibit consistent enrichment. In addition, most samples 
plot above the line of equal microlayer partitioning of UV 
absorbance and DOC. Preferential enrichment of phenolic 
material relative to other DOC is therefore indicated, 

Enrichment factors for UV absorbing material are plotted 
against salinity in Fig. 3. Enrichments of phenolic material occur 
at all salinities, but are demonstrably greater at higher salinities, 
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Fig. 1 Absorbance at 280 nm plotted against phenolic reactivity 
expressed as: micromoles of phloroghicinol equivalent (PGE). 
Lower trend contains samples from Damariscotta transect of 
October 23, 24 and bulk water samples from the Saco R. estuary on 
22 August, 1979. Macroalgal exudates (upper range) obtained by 
placing emersed fronds of Fucus vesiculosis and Ascophyllum 
nodosum in flasks of seawater before immersion by a rising tide. 
Data represent the difference between pre- and post-exudation 
values of PGE and Ajgo of the seawater in the flasks. Aliquots 
of the exudates were analysed after various time intervals. 
@, Damariscotta bulk water; D} Saco bulk water; ©, Damariscotta 
surface microlayer; DL, Damariscotta Lake; SR, Saco River; 
E, algal exudates. 
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Fig. 2 Surface microlayer to bulk water ratios of DOC and UV 
absorbing material (A259) in summer and fall 1979 samples from 
the Damariscotta River estuary and spring 1980 samples from the 
Saco River estuary. Only data without significant salinity 
differences between bulk and microlayer water are included. 
Dashed line indicates equal microlayer partitioning of DOC and 
UV absorbance. DOC values were 2.5-9.8 mg `> in bulk water 
and 2.6-11.9 mg I~ in the surface microlayer. 
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Fig. 3 Microlayer enrichments of UV-absorbance plotted against 
salimty in samples ‘from the Damariscotta and Saco estuarine 
systems. Data in which salinity differences between microlayer and 
bulk water exist have been included by correcting the bulk water 
abeorbance to the absorbance appropriate at the microlayer 
salinity. @, Damariscotta summer, 1979; A, O, Damariscotta 
autumn, 1979; D, Damariscotta spring 1980; +, Saco spring 1980. 
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We-suggest three alternative explanations for this trend. First, 
Sholkovitz” has shown that terrigenous humic DOC becomes 
less soluble at high salinities. Higher partition coefficients at 
higher salinities can be explained if the dissolved phenolic 
material has similar chemical properties or if the enriched 
phenolic compounds are humates. Second, the rate of partition- 
ing into the microlayer is unknown at this time; if these enrich- 
ments form slowly relative to the flushing time of terrigenous 
phenols through an estuary, then the higher enrichments at high 
salinities may simply reflect an ageing phenomenon. Third, if the 
UV absorbance at high salinities represents macroalgal rather 
than terrigenous phenolic materiel, we may be observing 
different partition coefficients for the two sources of phenols. 

These strongly UV-absorbing molecules will be very suscep- 
tible to photo-oxidative transformations in the surface micro- 
layer. This zone may therefore be a temporary sink and a 
reaction site leading to their resolubilization in bulk water as 
small degradation products” or to oxidation?! and removal to 
the atmosphere. These aromatic compounds will also serve as 
important sources of hydrated electrons” or free radicals*’ in 
the microlayer. l 

Sea surface microlayers often contain greater numbers of 
bacteria than subsurface water*”**, and have been suggested 
to be heterotrophically active eavironments***. However, 
apparent inhibition of bacterial activity in the microlayer has 
been reported*”’, most notably in coastal waters”. The 
presence of phenolic material, potentially inhibitory to 
bacteria™ and phytoplankton“, in the surface microlayers of 
coastal waters may account for this reduction in microbial 
activity. | 
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Fossils from the late Jurassic Morrison Formation, Como Bluff, 
Wyoming (Tithonian, ~140 Myr ago) show that three genera of 
European lizards from the later Jurassic of England and 
Portugal (Cteniogenys, Paramacellodus, Dorsetisaurus) also 
inhabited North America. These specimens corroborate evi- 
dence from mammal and other terrestrial vertebrate faunal 
similarities that western Europe and western North America 
had a continuous land connection in the late Jurassic. Some of 
this similarity, however, is pre-Tithonian, indicating that 
widespread mid-Jurassic transgressive seas in Europe were no 
barrier to vertebrate dispersal. 

Between 1968 and 1970, a joint American Museum of 
Natural History~Yale University expedition made new collec- 
tions at Quarry Nine, the famous ‘mammal quarry’, in the Upper 
Jurassic Morrison Formation at Como Bluff, Wyoming. The 
expedition collected many mammalian specimens described 
elsewhere’, as well as dinosaur material, glyptopsid turtles’, 
crocodiles, sphenodontids, frogs, lungfish, amioid fish and 
lizards. A review of this and previously known lizard material 
from the Morrison Formation has resulted in the identification 
of at least three genera of lizards. Only one, Cteniogenys 
antiquus Gilmore 1928, was known previously from North 
America; it has been shown to be an eolacertilian’, 

Hecht and Estes* reported an ilium of what they believed to 
be a true lacertilian from previous Quarry Nine collections, but 
did not name it. Lacertilian (‘true’) lizards are known from the 
late Jurassic of Europe and China*’. A presumed lacertilian was 
described from the late Triassic of China’, but one of us (R.E.) 
believes it to be an eolacertilian. The new material from the 
Morrison Formation not only verifies the occurrence of both 
eolacertilians and lacertilians in the late Jurassic of North 
America, but also shows for the latter group a well-established. 
derived, ‘autarchoglossan’ organization at this early time, which 
is in agreement with previous identifications of some Jurassic 
European forms as scincomorphs. The three lizard species 
identified in the Morrison Formation are classified as follows: 


Order Squamata 
Suborder Lacertilia 
Infraorder Eolacertilia 
Cteniogenys antiquus Gilmore 1928 


The new collection includes two jaws referable to this species. 
(Other jaws, including the type specimen, were found in the 
original Marsh collections made at Como Bluff in 1879 and 
1880.) Cteniogenys was later identified by Seiffert® from the late 
Jurassic (Kimmeridgian) fauna from Guimarota, Portugal. We 
agree with Seiffert’s identification of Cteniogenys as an eolacer- 
tilian, closely related to the ‘flying lizards’, or kuehneosaurs, 
known from the late Triassic of Europe’ and North America®, 
Cteniogenys is known from jaws, maxillae and parietals. The 
other species are true lacertilians, of which the first is: 


Infraorder Lacertilia 
. Paramacellodus sp. 


Paramacellodus oweni was first described from the late J urassic 
Purbeck Formation of England, and allied with the cordyloid 





scincomorphs*. Several jaws referable to Paramacellodus 
(including two from the new collection) occur at Quarry Nine 
(Fig. 1a,b); they may represent the same species but the material 
is insufficient to determine this. Some postcranial material 
possibly referable to Paramacellodus also occurs in the new 
collection. The specimen (AMNH 11523) consists of a left 
prefrontal, a left scapulocoracoid, one trunk vertebra, a partial 
pelvis, seven caudal vertebrae, and a nearly complete left hind 
limb. The hind limb, pelvis and sacral vertebrae are articulated. 
All other elements are disarticulated, but closely associated on 
the block of matrix. 

A detailed description of this material is in preparation, but 
the important features of AMNH 11523 can be summarized as 
follows. The prefrontal has a sculpture pattern like that of an 
unidentified Jurassic specimen from Portugal (Fig. 1c,d)° and 
may possibly represent the prefrontal of Paramacellodus. The 
scapulocoracoid (Fig. 1e,f) is fully lacertilian, with expanded 
coracoid region that resembles the derived condition in cordy- 
loid lizards. In the pubis, the iliac blade differs in shape from the 
ilium described by Hecht and Estes*, but both are generally 
similar in morphology to the ilia of some cordyloid lizards (Fig. 
1g-j). In the tail (Fig. 1k), the transverse process of the sixth 
vertebra may show an autotomic septum, implying fragility of 
the tail. If so, the septum would split the vertebra into two parts 
as in many lizards. Comparison of AMNH 11523 with recent 
lizard skeletons showed that this autotomic configuration is very 
similar to that of comparably sized lizards belonging to several 
families, particularly some scincids; cordyloids have the auto- 
tomic plane anterior to the transverse process. The third species 
is: 


Family Dorsetisauridae 
Dorsetisaurus sp. 


There are two dentaries of Dorsetisaurus sp.°. Neither specimen 
is well preserved (Fig. 1/~n), and both are visible only in lateral 
view. The elongated, flattened, blade-like teeth, some of which 
are antero-posteriorly expanded, make this identification clear. 
Hoffstetter, who originally described Dorsetisaurus, placed it in 
its own family Dorsetisauridae, with which we agree. He also 
included the family in the Anguimorpha; if so, dorsetisaurs 
would be very primitive members of that group. 

The presence of three genera of small lizards in both North 
America and Europe in the late Jurassic is an indication of the 
close faunal affinities of the two regions at that time. Continental 
reconstructions show that the North American plate was still in 
contact with Europe at the end of the late Jurassic'?'?. Como 
Bluff, Wyoming, and southern England were approximately 
2,500 km apart, equivalent to the present distance between San 
Francisco, California and St Louis, Missouri. Some recent 
lizards have ranges larger than this. In addition, several other 
small animals apparently ranged from England to the present 
western United States. These include four genera of shrew-sized 
mammals''*'* (Docodon, Amblotherium, Ctenacodon, Tri- 
oracodon), the crocodile Goniopholis’, the dinosaur 
Camptosaurus**, and the amioid fish Ophiopsis'’. Also, mast of 
the Morrison mammal taxa have their closest sister-groups in 
Europe, and a cladogram of therian mammals shows no separa- 
tion of the taxa into European and American clusters, as might 
be expected if long-term endemism had taken place’. 

Direct comparisons have not been made in other groups, but 
most other elements in the Morrison fauna have their closest 
relatives in the European later Jurassic. Turtles from the early 
Cretaceous of England'* and sphenodontids from the Kim- 
meridgian of Portugal’? have been examined recently, and are 
most closely related to Morrison taxa. Complete faunal lists of 
the Kimmeridgian Guimarota fauna of Portugal have not yet 
been published, but the partial one given by Kühne’? is very 
similar to that from the Purbeck and Morrison Formations. To 
date, the mammals'**, dinosaurs”’, crocodilians”’, turtles?” and 
lizards? have been described, and most forms show their closest 





0028-0836/80/3 10484-—03$01.00 


© 1980 Macmillan Journals Ltd 


Nature Vol. 286 31 July 1980 > 





Fig. 1 a, Paramacellodus sp., right maxilla, Morrison Fm. b, Paramacellodus oweni, right maxilla, Purbeck Fm’ >- & , AD (NHLIS 


prefrontal, Morrison Fm, d, GUI. 157, right prefrontal, Guimarota Beds’. e, AMNH 11523, left scapulocoracoid, Mo 
scapulocoracoid of recent Cordylus palyzonus for comparison. g, AMNH 11523, left ilium, Morrison Fm, comparable with hy teces 
guttatus. i, YPM 1568, left ilium, Morrison Fm, comparable with j, recent Cordylus warreni. The fossil iliac blades show some difference 
within the range of variation of modern cordyloid lizards. k, AMNH 11523, caudal vertebrae. [-m, Dorsetisaurus sp., der wig vi 
Both specimens are badly broken. n, Dorsetisaurus purbeckensis, dentary, Purbeck Fm*. All scale bars, 1 mm. 





Nature Vol. 286 31 July 1980 





affinities with forms from the Morrison and Purbeck Forma-, 
tions. ‘Kimmeridgian sauropods from Portugal (Apatosaurus, 
Brachiosaurus) are.  congeneric with Morrison taxa”: Pre- 
Kimmeridgian Jurassic dinosaur faunas in both North America 
ahd Eurdpe are highly similar**~*. Bathonian (middle Jurassic) 


mammals from England” and Scotland?" show close affinities : 


with Morrison mammals’. 

These strong faunal resemblances between western Buas 
and western North America seem to indicate a continuous land 
connection between these regions throughout the Jurassic. Yet 
reconstructions by Ager”, Hallam”, and Hallam and -Sell- 
wood’! show both southern England and Portugal submerged or 
surrounded by seaways during most of the Jurassic. The maxi- 
mum extent of Jurassic epicontinental seas was during the 
Oxfordian and Kimmeridgian (early late Jurassic)”. During the 


Tithonian, widespread tectonism uplifted large areas of land, | 


reconnecting Europe and North America®’. The amount of 
exposed land in the late Tithonian reached a maximum level 
matched only by. the earliest J urassic (Sinemurian—Pliens- 
bachian) regression”. ~ -’ 

If the similarity of land faunas were restricted to the late 
Tithonian, then rapid migration during the maximum phase of 
regression would be sufficient to explain the lack of endemism. 
But the similarity‘ persists throughout the Jurassic, indicating 
that the submergence was not continuous or effective enough to 
be a barrier to vertebrate migration. Hallam (personal com- 
munication) has suggested that the epicontinental seas were so 
shallow that the numerous short-term regressions occurring 
_ throughout the Jurassic” would create transient land corridors. 
Migration then reached a peak during the Tithonian when dry 
land connection extended across Europe and North America. 

We thank M. C. McKenna, E. S. Gaffney, R. J. Emry and J. H. 
Ostrom for permission to study specimens in their care. The new 
Como Bluff specimens were collected by T. H. Rich, prepared 
by C. S. Schaff and curated by E. Manning. We thank H. Green, 
A. Hallam, J. Gauthier and E. Manning for helpful comments. 
D.R-P. was supported by a Columbia Faculty Fellowship and an 
NSF graduate fellowship and R.E. was supported by NSF grant 
DEB-77-14995. 
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Green anole in Dominican amber 


Olivier Rieppel* 


: Department of Zoology, Natural History Museum, Basel, Switrerland 


Á kard ol he ipad gan Anolis doed a amie sh 
Oligocene or Mioceme age from the Dominican Republic 
represents the first complete vertebrate fossil in amber as well as 
the oldest amd only complete fossil of its genus. The fossil Axolis 
is very closely related to a recent form and will shed some light 
on the evolution of its genus which otherwise has a poor fosell 
record. : 

The evolution of the iguanid genus Anolis on the Caribbean 
islands serves as a model for the ecology of colonization and 
speciation on small islands'*. The evolution of the Caribbean 
Anolis has been réconstructed by Etheridge on the basis of 
osteology and by Gorman ef al. on the basis of cytology. Their 
findings have been summarized by Williams’. Etheridge was 
able to divide the genus into an a and a 8 section. a Anolis lacks 
transverse processes on the caudal vertebrae whereas they are 
present on 8 Anolis. A striking result of Etheridge’s analysis is 


‘that the a Anolis carolinensis from the south-eastern United 


States is not related to the 8 anoles from Mexico, but it has 
Caribbean affinities, being related to the species of the caro- 
linensls complex of the western Caribbean. Anolis carolinensis 
invaded the continent from a tropical island. The geographic 
centre of the carolinensis complex today is Cuba. Some slightly 
more primitive æ anoles occur on Hispaniola. Of these, 


‘members of the ‘green anole species group’ as defined by 


Williams’, such as A. chlorocyanus or A. coelestinus, were found 
by Etheridge to be most closely related to and possibly ancestral 
to the carolinensis complex. 

This phylogenetic scenario is usually assumed to have taken 
place during the Pleistocene. The genus Anolis is thought 
to have colonized the Caribbean islands after the Early 
Miocene inundation’, but no fossil remains of these lizards older 
than the latest Pleistocene age have been reported, either from 
the Caribbean islands or from the southeastern United States. 
The oldest fossil Anolis remains are skin fragments enclosed in 
amber of Oligocene or Miocene age from Mexico’. 

In 1979, Dr C- Baroni-Urbani from the Natural History 
Museum in Basel obtained a more or leas completely preserved 
specimen of Anolis in amber from the Mina ‘La Toca’, Cordil- 
lera Septentrional, Dominican Republic (Fig. 1). Dominican 
amber is thought to be of middle Oligocene or early Miocene 
age’. The generic affinities of the fossil lizard are indicated by the 
structure of the toes, which bear scansorial pads on the lower 
surface of their expanded distal parts (Fig. 1). X-ray analysis 
revealed an incompletely preserved skeleton. Important 
characters such as the structure of the pectoral girdle or the 
number of presacral vertebrae cannot be determined. However, 

caudal vertebrae can be shown to lack transverse processes, a 
feature characteristic of a anoles (Fig. 2). 

In view of its uniqueness I propose to name the fossil anole: 


Anolis dominicanus n. sp. 


Holotype: Natural History Museum. Basel, Department of 
Entomology collection no. P 52. Mina ‘La Toca’, ae 
Septentrional, Dominican Republic. 

Diagnosis: A member of the a section of the genus Anai 
ventral scales hexagonal, subimbricate, smooth; scales on tail 
imbricate, keeled, arranged in verticils comprising 4-5 
middorsal scales; 22-24 lamellae under fourth toe. 
Description: The fossil Anolis has a total length of approxi- 
mately 71 mm; the head is 9.2 mm long; snout-vent length is 
26.5 mm; the tail is complete and not regenerated. The left 
front limb is difficult to measure because of three-dimensional 
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Fig. 1 a, Anolis dominicanus n. Sp- holotype, as preserved in 
dorsal view, Scale bar, 10 mm. 6, Lower surface of enlarged right 
pes, showing the lamellae on fourth digit. 


dronon it is approximately 12 mm long. The right hind 

limb can be measured accurately: its length up to the tip of the 

fourth toe is 17.3.mm. The total length of the specimen 

indicates either a juvenile or a small species. 
The colour of the lizard hasnot been preserved. The squamation 
of the dorsum hes: immediately below the surface of the amber 
and cannot be made out in detail. The scales on the ventrum are 
partially preserved. They are hexagonal, sometimes with a 
rounded posterior edge, subimbricate and smooth. The scales 
covering the gular region are only partially preserved. They are 
smaller than the ventral scales, granular, juxtaposed and 
smooth. Gular scales smaller than ventrals probably imply that 
the specimen is afernale. A weakly expressed longitudinal gular 
fold is observed: The dewlap appears to have been small or 
vestigial, which might. be correlated with the juvenility or with 
the sex of the specimen, or it might represent a primitive 
characteristic. 

The tail is trigonal in cross-section. The scales of the tail are 
imbricate, keeled and arranged in verticils. The verticils are 


sometimes not distinctly set off from one another. They can well 


be made out in a middle section of the tail where I counted 
5..4-5-4—4—4 middorsal scales in 6 verticils. 

The lower surface of the expanded distal part of the fourth toe 
certainly bears more than 20 lamellae: the exact number is 
difficult to establish because of a break in the amber obscuring 
the view (Fig. 1). There could be 22-24 lamellae, 23 being a 
probable number. 

As described above, all the visible Janaebis of A: 


dominicanus match Williams's? definition of the Hispaniolan 


‘green anole species group’, a group of four rather generalized 
species of moderate to small size and green colour, which live in 
the c crowns soft trees. Within the ‘green anole species group’, the 





Fig. 2 X-ray picture of a well preserved vertebra from the 
posterior part of the tail, showing the absence of transverse pro- 
cesses. The length of the vertebra equals ~ 1 mm. 


SR ee 


“Table 1 Body measurements of Hispaniclan green anole species E 
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Species n SVL(mmj HDL = % SVL HLE =% HDE 
A. chloro- 9 34.570 31 (32.7348 178.4 (190.6) 206.6 
cyanus mi 
A. coelestinus 11 26-77 29.8 (34 3} 38.4 180 (196.9) 200 
A. aliniger 10 41i 8-60.5 29.5 (31. a 35 131.6 (162.3) 186.2 
A. singularis 17 37-73 29.8 (32,2) 35.4 157.1 (172.3) 187 


A. dominicanus | 26.5 347 188 


n, Number of specimens examined; SVL, snaat~vent length, the maxima and 
minima values of all specimens examined are: indieated;. HDL, head length. 
expressed as % of snout~vent length; HLB, hird limb, expressed as % of head 
length. The figures indicate maxima and minime, and the arithmetic mean of all 
specimens examined is given in parentheses. Measurements are based on the 
following specimens: A. chiorocyanus cyagnestt-us, MBS-19778, 20100, 20268, 
20344-45; A. c. chlorecyanus, MBS 19834, 1997. 20302-03; A. coelestinus, 
MBS 3056-58, 19841-43, 19853-54, 20402- 03, 20408, A. aliniger, MCZ 
143367~76; A. singularis, MCZ 124629-45. MBS, Natural History Museum 
Basel: MCZ, Museum of Comparative Zoologi Harvar enon 
























first subgroup (A. chlorocyanus—A. ce s}is characterized 
by somewhat longer hind limbs (190% of head length) than the 
second subgroup (A. aliniger-A. sisguiaris, hind limbs 162- 
172% of head length). A. dominicarus shows a relative length 
of the hind limb as it is observed in the A. chlorocyanus-A. 
coelestinus subgroup (Table 1). Amo reen anoles of 
Hispaniola, A. coelestinus is the spe h the relatively 
longest head. The proportions of the hong are the same in A. 
dominicanus (Table 1). ae 

In conclusion, the fossil Aë dor inicanus . from Dominican 
amber is evidence of the presence of a anoles closely related to 
recent forms (especially A. coeles: nus) since the Oligocene or 
early Miocene. This is a much earlier date than that which has 
usually been assumed to account for the evolution: and dispersal 
of a anoles on the Greater Antilles. | 

I thank Drs E. E. Williams and R. Etheridge for loaning 
specimens, critically examining X-ray pictures and reading a 
draft of this report. X-ray analysis was done by Professor W. 
Sturmer. 
Note added in proof: New dating, of amber matrix from the 
Dominican Republic by Dr J. B. Saunders, Basel, indicates an 
age range of between 20 and 23 milion years BP (lower part of 
early Miocene). | 
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Seagrasses are flowering plants that are adapted for 





- submerged in the sea. Many species, including the. “Australian 


sea nymph, Amphibolis antarct'ca, have filiform pollen grains. 
These grains have no exine’“-—the resistant pollen wall layer 
characteristic of terrestrial plants—and edeki may be up to 5 mm 
in length. The pollen has a similar density to seawater so that it 
remains suspended or floats after release from the anther. The 
stigma of the sea nymph and related seagrasses is a simple 
branched structure which protrudes betwgen the Jems es when 
receptive and has a surface secretion with cytochemically 
detectable enzymatic activity’ *. This nima: cos is. not 
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dispersed in seawater. However, submarine pollen—stigma 
interactions have never been observed in any species of seagrass. 
We demonstrate here that pollination in the sea nymph has 
several unusual features when compared with the events in 
terrestrial flowering plants. These features include the water- 
proof nature of the adhesive binding the pollen to the stigma 
surface, the unique mechanism for pollen germination in the 
inaperturate filiform grains, and the mode of pollen germination 
in the inaperturate filiform grains, and the mode of pollen tube 
penetration into the stigma. Taken together these characteristics 
suggest a considerably more refined level of adaptation to the 
marine environment than hitherto supposed. 

Mature flowering plants of Amphibolis antarctica were 
collected from natural populations growing on the coast of 
Victoria, Australia, and held in aerated seawater aquaria at 14 
or 22 °C. Ripe pollen from dehiscing anthers was taken upina 
Pasteur pipette and applied to the stigmas in a stream of sea- 
water. Grains adhered immediately on contact, and were 
allowed to remain for up to 48 h before fixation in buffered 2.5% 
glutaraldehyde and processing for light and electron micros- 
copy’. 

The pollen grains are held tenaciously on the stigma by a 
meniscus of adhesive material which is formed on contact from 
the surface coating of both interacting surfaces (Fig. 1a). This 
adhesive is waterproof, a quality which contrasts with the 
adhesive of terrestrial plants. In Gladiolus, for example, water- 
soluble arabinoglactan proteins have been implicated in pollen- 
stigma adhesion®’. Germinated pollen produced numerous 
tubes in the vicinity of the contact zone with the stigma (Fig. 1b). 
We have observed that the grains failed to germinate until they 
came into contact with the submerged stigma, suggesting that 
molecular transfer may be important for promoting pollen tube 
growth, as in the seagrass Zostera marina’®, 

The filiform grains of seagrasses do not have preformed 
apertures—-special sites for pollen tube emergence. Instead, the 
position of the aperture is first detectable cytologically by a 
marked loss of staining affinity in the wholly fibrillar wall* after 


Fig. 1 a, A meniscus of 
insoluble adhesive forms 
at the point of contact 
between the pollen grain 
(upper half) and the 
stigma ın Amphibolis 
antarctica and binds the 
two together. Electron 
micrograph of a section 
stained with silver pro- 
teinate after periodate 
oxidation”? x14,400. b, 
Pollen at the surface of the 
stigma. The filamentous 
grains have been 
sectioned transversely 
and the circular profiles of 
several pollen tubes pass- 
ing towards the stigma are 
indicated by arrow heads. 
Pollen tubes are also 
present beneath the 
stigma cuticle in the walls 
of the receptive cells 
(arrows). Thick section of 
resin-embedded speci- 
men stained with tolui- 
dine blue, x1,200. c, The 
aperture for pollen tube 
emergence is formed by 
autolysis of the pollen 
grain wall. The site of the 
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attachment of the grain to the stigma (Fig. 1c). Our inter- 
pretation of this phenomenon is that focal autolysis forms the 
aperture. Reorganization of cytoplasmic components, includin g 
starch grains, is seen beneath the incipient aperture (Fig. 1c), but 
the first indication of pollen tube emergence is the appearance of 
a mucilaginous cap protruding through the aperture to form a 
bubble-like structure. This overlies the emerging tube cyto- 
plasm (Fig. 1d) and the cap mucilage stains a light purple colour 
with toluidine blue, indicative of low molecular weight carbo- 
hydrates’. 

The formation of pollen apertures by means of focal autolysis 
of the wall is not known for any other flowering plant, and is 
perhaps a further adaptation to the aquatic environment. In 
germinating pollen of terrestrial angiosperms the intine is 
contiguous with the pollen tube wall in both aperturate'®"! and 
inaperturate grains'**°. Thus, our observations call into ques- 
tion the assumed homology of the seagrass pollen wall with the 
intine of their land-based relatives, notwithstanding the struc- 
tural and cytochemical similarities*”. 

Hydration is an essential prelude to germination of the pollen 
of terrestrial angiosperms*'''*'*'°, In seagrass pollen, 
however, the hydrodynamic principles must be different, 
although our observations show that submarine germination is 
triggered by stigma contact. The differences extend also to 
subsequent reproductive events. In Amphibolis, the germinating 
tubes grow within a water-resistant mucilaginous sheath 
towards the stigma surface where they make contact with the 
cuticle. Using light microscopy, we have observed digestion of 
the cuticle by the pollen tubes and entry of the tubes into the 
polysaccharide matrix of the receptive cell wall (Fig. 15) as well 
as initial growth through the transmitting tissue to the ovary. 
This sequence first necessitates penetration of the cuticle, a 
process which accommodates one level of control in those 
terrestrial angiosperms with dry stigma types, where cutinase 
activation is implicated®'*'*'*'’, Precisely how these cutinases 
are produced and deployed in the seagrasses remains to be 
determined. 





future aperture is first detectable by the loss of staining affinity in the wall and reorganization of the cytoplasmic components beneath the site. 
Staining as for b, x&00. d, After formation of the aperture tube emergence begins. The first structure to appear is a mucilaginous cap and 
immediately behind this is a zone of densely staining cytoplasm. The pollen grain wall forming the border of the aperture flanks the emerging 


pollen tube. Staining as for 6, x960. ; 
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The special adaptations to submarine pollination are 
important for an understanding of the mechanisms associated 
with discrimination of self (compatible) from foreign seagrass 
pollen in interspecific and intergenic matings. Two species of 
Amphibolis are sympatric in southern Australian waters and 
other seagrass genera occupy adjacent habitats. Although the 
flowering periods are often coincidental, authenticated hybrids 
are unknown. In terrestrial pollination systems, barriers to 
discriminate against foreign pollen operate at initial contact, 
before adhesion, when many foreign grains simply fail to 
hydrate, while others are blocked at later steps leading to 
fertilization®'''?"*"5, Our observations of the seagrasses 
suggest that barriers to foreign pollination may operate at the 
moment of adhesion, or even at the time of stigma penetration 
within the waterproof coating. Experiments are now in progress 
to test the validity of these predictions. 

It is generally believed that seagrasses are angiosperms which 
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have adapted successfully to their marine environment by the 
loss or modification of terrestrial features’*"”. In view of both 
the present discoveries and the distinctive structural and 
physiological features—such as filiform and flexible pollen 
grains up to 5mm in length; precocious microspore mitosis 
following soon after tetrad period in pollen development’; the 
wholly fibrillar nature of the pollen wall in many species”; 
water-resistant surface-coating of the receptive stigma’ which 
also possesses acid phosphatase activity as well as esterase 
activity characteristic of terrestrial stigmas; and coincidence of 
flowering in some species with tide cycles*—the explicit 
phylogenies of the groups need to be determined. 
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The Argentine stem weevil Hyperodes bonariensis Kuschel, a 
stem boring weevil native to the southern part of South 
America, was first reported in New Zealand in 1927' where it 
has become a widespread and serious pest of Graminae. Recent 
investigations? have demonstrated the existence of reproductive 
hibernatory diapause induced by a critical photoperiod in the 
population in Canterbury, New Zealand (latitude 43°39 S). 
Coincidentally, it was noted that similar ovarian diapause occurs 
in H. bonariensis found at a corresponding latitude (41° S) in 
the Bariloche region of Argentina’. Owing to the imminence of 
the autumnal equinox at diapause induction (early March in 
both localities), identical daylengths are experienced suc- 
cessively over a wide latitudinal range within a week. In the 
present report, examination of the New Zealand population at 
this time, sampled over at 8° range of latitude, revealed a 
corresponding synchronous induction of diapause without the 
usual latitudinal and therefore temperature-related shift in cri- 
tical photoperiod“. This lack of temperature-related shift and 
the relatively mild winters suggest that the diapause behaviour 
of H. bonariensis throughout New Zealand is an adaptively 
inappropriate relict response resulting from the recently arrived 
weevils cueing into the same photoperiodic seasonality as their 
South American counterparts, which in regions such as Barilo- 
che, must have evolved diapause behaviour to survive. 


During a 3-day period, samples of weevils were collected from 
localities near sea level in the North Island of New Zealand 
between 35°39’ S and 40°23’ S and examined by dissection for 
diapause status. This allowed comparison with comprehensive 
data collected from Canterbury on H. bonariensis diapause 
induction during 1977-79. 

The results, summarized in Table 1, show the similarity of 
diapause condition found in the populations sampled from four 
widely separated locations at the end of the second week of 
March. Surprisingly, the diapause-related physiological reor- 
ganization seemed somewhat further advanced in the popu- 
lations collected from the warmer northern areas. This is 
indicated in Table 1 by the percentage of the population with 
clearly defined oocyte resorption bodies’. When a population is 
fully reproductive, oocyte resorption bodies are very rare and 
80-90% of the reproductively competent weevils have eggs. 
Table 2 shows that during diapause induction (28 February~ 
14 March) daylengths of increasing shortness were experienced 
in Whangarei (35°39'S) about a week before identical 
daylengths were experienced at Lincoln (43°39 $). This implies 
that the populations of weevils in the northern areas would have 
experienced the presumed common critical photoperiod shortly 
before their Lincoln counterparts and hence accounts for the 
slightly more advanced diapause condition of these northern 
populations. 

Table 1 indicates that the time of diapause induction of 
Argentine stem weevil was completely unaffected by variation in 
mean daily temperature over a considerable latitudinal range. 
Such a response to photoperiod irrespective of ambient 
temperature is frequently observed in other species within a 
local region, as there is a stable correlation between the seasonal 
course of daylength and temperature. However, this correlation 
varies sharply with latitude. Daylength provides a reliable 
means of anticipating winter conditions independent of the 
vagaries of weather. In general, with an increase in latitude, the 
cooler conditions necessitate earlier onset of hibernatory 
diapause which is often regulated by longer critical photo- 
periods’. Thus, intraspecific latitude (and therefore tempera- 
ture) related variation in critical photoperiod’is to be expected in 
widely dispersed hibernating insect populations. In spite of this 
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Locality Date sampled “> With eggs 

Whangarei 13.3.80 6.5 

Auckland 14.3.80 - 65 

Palmerston North 11.3.80 0 

Lincoln 13.3.79 10 
12.3.78 5 
13.3.77 14.3 


Table 1 Reproductive status of female H. bonariensis at four localities in New Zealand 
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% With oocyte 


resorption % Fertilized 

bodies %o Fertilized with eggs No, 
48.3 67.7 9.5 31 
36.7 51.6 12.5 31 
30.4 34.8 0 23 

15 30 33.3 20 
25 45 11.1 20 
~ 71.4 20 20 


Table 2 Environmental factors at the sampling localities? 
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Climatological station Latitude Daylength (hours and minutes) Mean daily screen temperature (C) 

. 28 Feb 7 March 14 March March April May June July August 
A 54631 Glenbervie Forest Whangarei 35°39'S 12.52 12.38 12.21 16.5 14.7 12.3 10.2 94) 97 
C 64971 Mangere Auckland 36°58'S 12.57 12.42 12.25 17.8 15.8 13.2 11.0 10.2 10.8 
E 05363 Palmerston North DSIR 4P23'S 13.04 12.46 12.27 16.1 13.7 10.7 8.4 7.8 8.9 
H 32641 Lincoln 43°39'S 13.14 12.52 12.29 14.1 11.4 8.1 5.6 4.8 6.4 





Daylength from nearest airport through NZ Civil Aviation Administration. Expressed as time from sunrise to sunset. 


there was no evidence of a temperature-compensated shift in 
critical photoperiod among any of the H. bonariensis popu- 
lations sampled (Table 2). 

The results of this experiment confirm the exotic origin of the 
H. bonariensis population in New Zealand. With an estimated 
overall threshold temperature of development of ~ 10°C (ref. 6) 
there seems to be little adaptive reason for diapause during the 
comparatively mild New Zealand winters, particularly in the 
north. The seasonal behavtour of H. bonariensis in New 
Zealand is undoubtedly a relict response resulting from the 
insect cueing into a photoperiodic seasonality identical to that of 
its native habitat. In some South American localities the evolu- 
tion of hibernatory diapause must have been necessary to allow 
the weevil to survive the relatively severe winter conditions, 
such as those of Bariloche (a ski resort) in Argentina. Here, at 
41°S, H. bonariensis has been observed in diapause between 
March and July, as occurs in New Zealand. 

The relict diapause behaviour of H. bonariensis in New 
Zealand therefore elegantly demonstrates the overriding effect 
of photoperiod on the adult stage resulting in diapause induction 
irrespective of other abiotic factors and the associated adaptive 
implications. In effect, the New Zealand weevils demonstrate a 
local diapause response over a wide geographical area (35°39'S 
to 43°39'S), suggesting their introduction from a localized 
source in Argentine. Furthermore, the complete absence of any 
latitudinal effect on the critical photoperiod indicates no evolu- 
tionary change in diapause behaviour since their establishment. 
This lack of adaptive evolution, and perhaps the very existence 
of diapause itself, confirms that H. bonariensis is a recent 
addition to New Zealand’s insect fauna, which has very few 
native diapausing species’. 

The synchronous induction of reproductive diapause of this 
pest species has important practical implications. It means that 
any phenological management approach should be applicable 
throughout New Zealand without the need to establish and 
adjust for regional variation in biological responses. 
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Asexual proliferation of malaria parasites proceeds by multi- 

plication of the parasites within red cells. Following rupture of 

the host cells the released merozoites re-invade other red cells. 

On re-invasion, a proportion of merozoites become, not asexual 

parasites but gametocytes, the sexual stages infective to the 

mosquito vectors. Conversion of asexual parasites to gameto- 

cytes occurs not only during natural infections but alse in 

continuous in vitro culture as reported first by Trager and 

Jensen“ and by others**. We showed previously that the 

proportion of early intra-erythrocytic stages (ring stages) of 

Plasmodium falciparum which developed into gametocytes in 

culture was influenced by culture conditions’. Gametocyte 

formation was rare in conditions supporting rapid proliferation 

but frequent when parasite densities were static. We now show 

that nearly 100% of ring stages develop into gametocytes 
in response to 1 mM cyclic AMP in static cultures whereas 

in rapidly growing cultures few rings become gametocytes 
in response to cyclic AMP. 

We have used the Z isolate of P. falciparum grown in 
continuous culture in human red cells as previously described’ 
(see Table 1 legend). Complete development of P. falciparum 
gametocytes, either in culture or in man, takes approximately 10 
days. During this time the gametocytes develop from ring forms 
into mature crescent-shaped parasites capable of undergoing 
gamete formation. One of the developmental stages of gameto- 
cyte maturation, the stage II gametocyte, is easily identified and 
occurs 48h after ring formation. In our previous study’ we 
devised a method for the daily measurement of the rate of 
production of gametocytes based on the percentage of rings that 
develop into stage II gametocytes 48 h later. Using this method, 
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Table 1 Asexual parasitacmia and gametocyte production by P. faicpanen in culture m the presence or absence of added cyche AMP 





Days after 


rubculture re 4- 5 6 7 8 9 
Rings* cyclic AMP "1.9402 2.1403 2,040.31 1,540.2 14402 1,540.6 
vie cyclic AMP 2.0403 0.9+0.1 0.5+0.1 0.4+0.1 0.16+0.04 0.11+0.04 
Stage II No cyclic AMP 0.9+03 2.0+0.7 41+1.1 5441.1 8.5422 9.0417 
gametocytes* With cydic AMP 1.1403 5.1429 24.143.7 56.7+6.0 36.746.7 17.0+7.2 
Stage II No cyclic AMP 07+03 10+0.4 1840.7 3.2411 45423 2540.6 
With cyciic AMP 0.8403 1540.5 4A+18 22.9447 50.8+7 0 50.4+9.2 
% Rings to No cyclic AMP 2540.7 33+0.6 4440.6 6.1411 Ca = 
gametocytest With cpchc AMP 11.4429 58.1482 7085.7 37.7418.4 = m 





Parasites were grown in human red cells in continuous culture using a method we have described and based on the methods developed by Trager and Jensen’ 
and by Haynes ef al” Cultures were grown m tissuo culture flasks (Corning, 25 cm’, polystyrene, 25100) in type A, Rh+ human red celle at a 5% haematocrit in culture 
medum. The culture medrum wes misde up in double distilled water from RPMI 1640 powdered medmm with glutamine and without bicarbonate (Gibco) to which was 
added HEPES buffer (Sigma) to 25 mM. Immechatety before use sodium becarbonate was added to 24 mM and the medium was supplemented to 10% with inactivated 
human serum, blood type A, Rh+. The complete medium was filtered through a 0.45 pm Nalgen filter. No antibiotics were used. Culture flasks contained 10 ml of the 
parasitized blood cell suspension and were laid on their broad sides (25 cm?) to give a medium depth of 4 mm and a cell depth of 0.2 mm. Medium was replaced dally and the 
flasks gassed with a mixture of 3% CO 6% On 91% Np hermetically scaled and maintained at 37°C. Fresh cultures were established by diluting a growmg culture with 
uninfected red cells at a 5% haematocrit in culture medium to give en initial paresitacmia of 0.1-0.5%. The diluted cultures were thereafter into fizsks and 
roaintained as described above. Four days after setting up a P. falciparum culture m fresh red colle and medium, oach flask was divided and 3 mi of the culture suspenmon was 
placed into each of two new fiesks. The flasks were placed on their smallest end to give a medium depth of 3.3 mm and a cell depth of 0.17 mm. One fiask was cultured as 


ts. 
parasites (gametocytes or rings) per 100 red cells 
+The per cent of rings developing mto stago I] gametocytes 2 days later (see ref. 7 for full explanation) 


we have studied the effect of cyclic AMP on the production of AMP. The data show that 24 h after their appearance as stage I 


gametocytes in culture. 

. The mean densities of ring stages and gametocytes (stages II 
and II) during culture in the presence or absence of 1 mM cyclic 
AMP are shown in Table 1. Cyclic AMP was added and 
measurement of gametocyte production was begun after the 
parasites had been growing for 4 days in fresh red cells and 
medium. The. percentage of rings which developed into 
gametocytes was 5-10 times greater in the presence of cyclic 
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No. of parasites per 100 RBCs Žž - 


na 


-No. of gametocytes produced per 100 rings: 





Time (days). 


Fig.1 The effects of different concentrabons of cyche AMP added from the 
fourth day of culture onward on the asorual perasiteomia and rate of 


gametocyte formation during i otro culture of Plasmodnon falcrparum. in 
haman red blood cells RBCs. (1) No cyclic AMP added; (2) 0.01 mM cyclic 
AMP; (3) 0.05 mM cyclic AMP; (4) 0.1 mM cyclic AMP; (5) 0.5 mM cyclic 
AMP; (6) 1.0 mM cychec AMP. : . 


gametocytes, they progressed quantitatively into stage MI 
gametocytes. Measurement of the high proportion of rings 
developing into gametocytes in the presence of cyclic AMP is 
not, therefore, an artefact due to the accumulation of stage I 
gametocytes in culture. 

When cultures were exposed to various concentrations of 
cyclic AMP (Fig. 1), 1 mM cyclic AMP mediated the greatest 
increase in the proportion of rings forming gametocytes. Higher 
concentrations (above 1 mM, data not shown) were lethal to all 
stages of the parasite. At concentrations as low as 0.01 mM the 
proportion of rings forming gametocytes was still more than 
twice that of cultures without added cyclic AMP. 

Dibutyryl cyclic AMP, an analogue of cyclic AMP, was 
equally effective at equivalent concentrations in inducing 
gametocyte formation. Administration of 0.1 mM and 1 mM 
cyclic GMP and dibutyryl cyclic GMP had no effect on gameto- 
cyte formation. To test the effects of degradation products of 
cyclic AMP, we administered 5’-AMP, 3’-AMP, ADP and ATP, 
adenine and adenosine at concentrations of 0.1 mM and 1 mM. 
None of these compounds influenced gametocyte formation. 


-= . The following éxperiment was carried out to test the effect of 


cyclic AMP on the proportion of rings which develop into 
gametocytes at different times during culture. A parasite culture 
was diluted with fresh red cells and medium to achieve a parasite 
density of 0.5% and the culture divided equally into seven flasks. 
To each flask 1 mM cyclic AMP was added starting on a different 
day. The proportion of rings which were developing into 
gametocytes was measured 24h after the addition of cyclic 
AMP. During the first 3 days after subculture, when there was 
rapid growth of the asexual parasites (Fig. 2), the proportion of 
rings which: formed gametocytes following addition of cyclic 
AMP remained low (<10%) and even fell slightly (Fig. 2). 


. Prolonged exposure of the parasites to 1 mM cyclic AMP during 


this period of rapid asexual growth was uniformly lethal to the 
asexual parasites (data not shown). In cultures without added 
cyclic. AMP the proportion of rings forming gametocytes typi- 
cally fell to very low levels (Fig. 2). From the fourth day onward 
the rate of asexual proliferation was very low and degenerate 
asexual parasites began to appear in culture. During this time 
the proportion of rings which spontaneously developed into 
gametocytes began to increase again. Moreover, during this 
phase of the cilture, addition of 1 mM cyclic AMP elevated the 
proportion of rings which developed into gametocytes to about 
10 times the spontaneous rate (Fig. 2). By the sixth day in 
culture, when 10-15% of rings spontaneously developed into 
gametocytes, almost 100% of rings were sffmulated to become 
gametocytes 24 h after the addition of 1 mM cyclic AMP. 
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No. of gametocytes produced per 100 rings 


Time (days) 


Fig. 2 The changing rate of formation of gametocytes from rings in 
response to cyclic AMP added on different days during the growth of P. 
falciparum in culture. A subculture of P. falciparum, set up by addition of 
fresh red cells and medium to a growing culture as described in Table | 
legend, was divided into 3-ml aliquots among seven flasks; the starting 
parasitaemia was 0.5%. One culture flask had no cyclic AMP added and 
showed the asexual growth and the daily rate of spontaneous formation of 
gametocytes from rings (O-O). To each of the other six flasks 1 mM cyclic 
AMP was added beginning on day 0 for flask 2, on day 1 for flask 3 to day $ 
for flask 7. For each flask the rate of formation of gametocytes from rings was 
determined after the parasites had been exposed to cyclic AMP for 24 h (@). 
The rate of formation of gametocytes for flask 2 is shown on day 1, for flask 3 
on day 2 and so on. 


Our results demonstrate that the response to cyclic AMP by 
rings of P. falciparum in continuous culture changes according 
to the state of the culture. During rapid asexual proliferation, 
few rings develop into gametocytes in response to 1 mM cyclic 
AMP. Indeed, prolonged exposure to 1 mM cyclic AMP is lethal 
to the parasites. After rapid proliferation has ceased and the 
density of asexual parasites is constant, almost 100% of ring 
forms develop into gametocytes in response to 1 mM cyclic 
AMP. This change in responsiveness to cyclic AMP parallels the 
change in the rate of spontaneous gametocyte formation. Thus, 
during rapid asexual proliferation, spontaneous gametocyte 
formation falls to low levels or is absent; after asexual densities 
have become more or less constant, up to 10% of rings develop 
into gametocytes. 

A similar change in responsiveness to a cyclic AMP stimulus 
was found in the amoeba Dictyostelium discoideum. In the 
presence of an adequate food source the free-living amoebae 
proliferated exponentially and did not respond to 0.001 mM 
cyclic AMP*. When the food supply became exhausted and 
exponential growth ceased, the amoebae became highly sensi- 
tive to cyclic AMP and formed aggregates in the early stages of 
spore formation. An analogous situation may apply to P. 
falciparum in culture. Parasites in cultures in which densities are 
not increasing are also in a state of near starvation; glucose levels 
become almost totally depleted before each addition of fresh 
culture medium. The state of starvation may, therefore, be 
associated with the development in the ring stages of a state of 
responsiveness to stimuli which induce gametocyte formation. 
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In classical embryology, the term ‘determination’ was used to 
describe the process by which a region of the embryo became 
committed to form a particular part of the body and it was 
understood that there was a particular stage of development at 
which determination occurred with respect to each decision’. 
Some authors*” insisted that only an irreversible commitment 
should be described as determination, but this leaves undefined 
the nature of the preceding events involved in its establishment. 
We show here that there may be several stages of commitment 
for an organ rudiment that can be distinguished from one 
another by the use of different methods for altering the pathway 
of development. We have investigated the region of the amphi- 
bian mesoderm that is destined to become somitic muscle in the 
course of normal development and applied to it a variety of 
isolation and grafting techniques. The results, which show an 
extensive period of lability within this region, can be used to 
explain how pattern formation might occur within the dorso- 
ventral axis of the mesoderm. | 
In the experiments described here, the prospective somite 
region of the axolot! (Ambystoma mexicanum) was treated in 
one of four different ways as shown in Fig. 1. (1) The region was 
dissected out, wrapped in an ectodermal jacket obtained from 
the anteroventral region of a stage 13 embryo, and cultured in a 
buffered salt solution for 10 days. (2) After dissection, the 
explant was dissociated into single cells and allowed to reag- 
gregate into clumps for 48 h. The clumps were then wrapped in 
ectoderm and cultured as in treatment (1). (3) After dissection, 
the explant was grafted into another embryo of the same stage to 
replace a piece of ventral mesoderm and the host embryo was 
allowed to develop for 12 days. (4) The region was dissected out, 
dissociated and reassociated, and then grafted ventrally to a host 
embryo of the same stage as the donor had been at the time of 
explantation. The host was allowed to develop for 12 days. 
The results of treatment (1) show that at both neurula and 
head process stages the isolated tissue behaves in a similar way 
to normal development in that it differentiates predominantly 
into muscle (Table la, Fig. 2a). According to this criterion, one 
could therefore describe the prospective somite region of the 
mesoderm as being determined by the neurula stage and, 
indeed, the result is consistent with classical work using both 
urodele and anuran embryos, which indicated that the deter- 
mination of this region had occurred by the time of gastrula- 
tion”. Some of the isolates also formed small amounts of 
pronephric tubules and/or mesenchyme. The formation of more 
than one tissue type is common in these experiments and we 
think that it may be the result of single cells or small groups of 
cells becoming detached from the main mass of tissue and 
behaving differently as a result. Because unwrapped controls 
remained undifferentiated, we believe that the ectodermal 
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Fig. 1 The four experimental procedures. The diagram represents a trans- 
verse section through the trunk region of an axolotl neurula and shows the 
locaton of the prospective somite region (dorsal, shaded). Thrs region was 
drected out of the embryo on both sides with tungsten needles in } strength 
‘normal amphibian medium’ (NAM)"' containmg 005% trypen. The, 
> explants were washed, fused and allowed to round up in full-strength NAM 
for 30 min. were carried out on neurulae (stages 15-18)'*, boad 
” process stages (21-24) and tail bud stages (26-28)'*. By the bead process 
stage the somite region had begun segmentation at the antenor ond 
(1) Explants were wrapped m ectoderm and cultured in NAM for 10 days. 
(2) Explants were dimsocated by washing m Ca?*/Mg**-free NAM and then 
treated for 5 min with Ca?*/Mg?*-free NAM contaimng 1 mM EDTA. The 
gangk: cells were mucropipetted mto the centres of agar-coated 0.4-ml 
multrwell plates containmg NAM. After 48 h of reaggrogation, the resulting 
cell clumps were wrapped in ectoderm and cultured in NAM for 10 days (3) 
A piece of trasuc, about one-quarter of the size of the prospective somite file, 
wes grafted mto the ventral region of host embryos of the same stage The 
embryos were allowed to develop in | strength and later fy strength NAM for 
12 days. (4) A peco of dissociated—reaggregated tissue was grafted ventrally 
as in (3) All cultures were kept at 18 °C and after the appropriate period, the 
wolates or bost embryos were fixed and processed for histological examina- 
ton. Details of the methods used for obtaming embryos, operational pro- 
cedures and tasue identification have been grven previowsly'* 


jackets are essential for the successful differentiation of these 
isolates. 

Treatment (2) gave significantly different results (Table 1b). 
At both neurula and head process stage there was now a much 
reduced tendency for the isolates to differentiate into muscle. 
Instead, the main tissue found was pronephric tubules together 
with substantial amounts of mesenchyme (Fig. 25). We feel that 
the most likely interpretation of this result is that undifferen- 
tiated cells which would have turned into muscle turn into 
pronephros instead. The difference cannot be due to the selec- 
tive overgrowth of one committed cell population by another 
because the culture medium used in these experiments is not 
nutritive and although the cells undergo several cleavage 
divisions there is no net growth of the tissue. Such selection 
would therefore have to be accompanied by massive cell death, 
which we do not observe. Because some undifferentiated cells 
persist in the isolates after the culture period, the only possible 
explanation based on selection is that the differentiation of 
committed pre-kidnoy cells is inhibited in treatment (1) and the 
differentiation of committed pre-muscle cells is inhibited in 
treatment (2). We cannot exclude this explanation but we 
believe it to be unlikely. By the tailbud stage of development 
the lability of the tissue seems to be lost because muscle is 


Table 1 Tissue types identified in isolated explants of prospective somite region 
of axvlot! mesoderm 


Stage from which 
tase molated Cases Muscle Pronephros Blood Mesenchyme 

a, Undissociated 

Neurula 8 7 (87%) 2 (25%) 0 6 
Head process 13 13 (100%) 7 (54%) 0 9 

b, Drssociated-reaggregated 

Neuruls is 6 (40%) 14 (93%) 0 is 
Head process 12 2 (17%) 12 (100%) 0 10 
Tailbud 8 7 (87%) 6 (75%) 0 7 
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Tabio2 Trseve types identified in grafted matersal ollowing a graft of prospective 
somite region axolot! mesoderm to replace ventral mesoderm in a donor of 





equivalent stage 
Stage at which 
graft performed Cases Murie Pronesbros Blood Mesenchyme . 
a, Undsssociated 
Neurula 16 4 (25%) §(3:%) 15(93)% 6 
19/20 11 6 (55%) 10%) 763%) 3 
Head process 10 9 (90%) 2(23%) 7(70%) 5 
Dissociated-reaggrogated 
Seca 11 3 (27%) 7(64%) 10(91%) 4 
Neurula control” 10  10(100%) 1(19%) 10(100%) 2 
Head process 10 2Q0%) 10(100%) 4 (40%) 8 
Head process 8 8 (100%) 3(37%) 5(62%) 1 
control” 





* Controls were undissoctated rolates cultured in salt solution for the time 
period during which dissociated cases were allowed to reaggregate. 


then the dominant cell type formed by the reaggregated isolates 
(Table 14). 

Prospective somite regions which were grafted to the ventral 
position while donor and host embryos were at the neurula stage 
(treatment (3)) differentiated predommantly into erythrocytes 
(Fig. 2c,d). Small amounts of muscle and pronephric tubules 
were also found in some of the grafts (Table 2a). At later stages 
of development the grafts gave rise to more muscle and fewer 
erythrocytes (stages 19/20 in Table 2a | and by the head process 
stage the grafts differentiated mainly into muscle (Fig. 2e) and 
the few erythrocytes which were formed were dispersed around 
the outside of the graft tissue. This type of switch from position- 
dependent to source-dependent development has been reported 
by Yamada’, although in his work om the newt Cynops pyrr- 
hogaster the switch occurred rather earlier, at about stage 15. 

If the prospective somite region ss dissociated and reag- 
gregated before being grafted to a ventral position (treatment 
(4)), the period of lability is even longer (Table 24). As with the 
reaggregated isolates there was a muca reduced differentiation 
into muscle and a much increased formation of pronephric 
tubules. There was also a significant formation of erythrocytes 
which was more extensive at the neurula than at the head 
process stage. Results with the undiseociated controls confirm 
that these effects were not due to the fact that the reaggregated 
isolates were cultured for 48 h before grafting. Indeed, the 48-h 
culture period for the controls actually reduced the lability of the 
neurula stage ventral grafts; cultured grafts always maintained 
their capacity for muscle differentiation whereas non-cultured 
grafts did not (compare Table 2a neurala with Table 2b neurula 
control). 

For all the operations reported in Table 2a, b we are confident 
that the tissues we identify are genuinzly derived from the graft 
and not from the host. This is because grafts to the ventral 
position persist as readily visible clumps of tissue for many days, 
as shown in Fig. 2c. Also, 21 of these g-afts, including cases from 
each experimental class, were carriec out using triploid donor 
embryos and these triploid cells were tater identified in the graft 
(Fig. 2f}. In axolotls the number of nucleoli per nucleus cor- 
responds to the ploidy’ and so the identification of trinucleolar 
cells is proof of their donor origin. Nuzleoli are readily visible in 
muscle and kidney cells and although they cannot be seen in 
mature erythrocytes they can be proninent in the erythrocyte 
precursor cells which are an intimate part of the graft tissue. 

The results are summarized in Table 3. 

It seems, therefore, that the proepective somite region is 
determined with respect to self-diterentiation in isolation 
throughout the developmental! period considered. However, the 
determination of the tissue can be modified by grafting to a 
ventral position up to the head process stage and can be modified 
by dissociation and reaggregation up to the garly tailbud stage. 
This latter stage is the time at whict muscle specific differen- 
tiation products can first be detected in the region (T. J. Mohun, 





F4 





R. Tilly, R. Mohun and J.M.W.S., unpublished data) and which 
we therefore consider to be the onset of cytodifferentiation. 
Thus, in this case there is no state of truly irreversible deter- 
mination before cytodifferentiation. 

Yamada” suggested that the dorsoventral pattern of struc- 
tures in the mesoderm was specified by a graded signal emanat- 
ing from the dorsal end of the tissue, which is the prospective 
notochord. Mesoderm closest to the notochord would be pro- 
grammed to form the somites, the next layer would be pro- 
grammed to form the kidney and the most ventral layer to form 
the blood islands. Our own previous work'’ supports the idea of 
a dorsal signal for the specification of the somite region and the 
experiments reported here suggest that the maintenance of this 
determined state may require the preservation of intercellular 
contacts. The fact that erythrocytes can be formed by grafts to 
the ventral position but not in isolates suggests the existence of a 
second ‘blood inducing’ signal which is present in the ventral 
region of the neurula, This would imply that in the absence of all 





_ Fig. 2) a, Section through prospective somite region which was isolated 
from a neurula, wrapped in ectoderm and cultured for 10 days (treatment 
(1)). The tissue, although still containing yolk granules, has largely differen- 
trated into muscle (scale bar, 50 um). b, Section through prospective somite 
region which was isolated from a head process stage embryo, dissociated and 
reaggregated, wrapped in ectoderm and cultured (treatment (2)). The tissue 
has formed pronephric tubules (scale bar, 50 um). ¢, Transverse section 
through the trunk region of an early larval stage axolot] which received a 
graft of prospective somite region into the ventral position (treatment (3)). 

_ The graft was carried out at the neurula stage, 12 days previously. The graft 
tissue is shown by an arrow (scale bar, 200 um). d, High power view of the 
graft indicated in c, showing erythrocytes (scale bar, 20 um). e, High power 

view of ventral graft of prospective somite region carried out at head process 
stage, showing muscle (scale bar, 20 pm). f, Donor muscle cell in graft region 
autonomously marked by possession of three nucleoli in the nucleus. Tri- 
plaid donor embryos*were obtained by a 10-min heat shock of 36°C given 
39-45 min after fertilization. The nucleoli are differentially stained by the 
Unna~Pappenheim stain (scale bar, 5 wm). 
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Table 3 Summary of results 








a, Neurula Isolate Ventral graft 
No dissociation Muscle Erythrocytes 
Dissoc./reagg. Pronephros Erythrocytes 
{pronephros) 

b, Head process 
No dissociation Muscle Muscle 

. (pronephros) (erythrocytes) 
Dissoc./reagg. Pronephros Pronephros 


eee NTT CLL NLL TANCE CCT A aA iin A n 
The predominant tissue was found in >85% of cases and the minor tissue in 
> 30% of cases. ; 


signals the mesoderm would develop into kidney which is what 
we find in the isolated tissue after disaggregation and reag- 
gregation. l 

‘Although this scheme of pattern formation is largely specula- 
tive, it is consistent with all our results and does bear some 
formal similarity to ‘double gradient’ models which have been 
advanced to explain other embryonic phenomena’*"'*. Further 
experiments to test its validity are in progress. 
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A hypolipaemic factor from 
the corpus cardiacum of locusts 


I. Orchard & B. G. Loughton 


Department of Biology, York University, Downsview, 
Ontario M3J IP3, Canada 





The glandular cells in the glandular lobe of the corpus cardiacum 
(CC) of locusts are the source of adipokinetic hormone (AKH), 
a hyperlipaemic hormone which has been characterized, 
sequenced and synthesized“. The release of AKH is under the 
synaptic control of axons within the nervi corporis cardiaca II 
(NCC I1)*. We show here that a second factor with hypolipaemic 
activity is also under the control of axons within the NCCII. 
However, its release sites lie within the storage lobe. Insulin, at 
physiological doses equivalent to those found in vertebrates, 
mimics the action of the hypolipaemic factor, and axons which 
show immunoreactive staining with anti-insulin have been 
located within the storage lobe. The locust hypolipaemic factor 
and insulin seem to have some common molecular features. 
The CC of locusts has proved an attractive resource for insect 
endocrinologists because of its anatomical division into storage 
(which is composed largely of the axon terminals of the median 
neurosecretory cells) and glandular (composed almost entirely 
of intrinsic neurosecretory cells) lobes. This has allowed the 
localization of the source of locust AKH'™ in the glandular lobe. 
The CC is supplied by two nerves, the paired nervi corporis 
cardiaca I (NCC I) which enter the anterior aspect of the storage 
lobe and expand to constitute the bulk of the storage lobe, and 
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Haemolymph lipid (ug 4l- *) 


} 
Filg.1 a, Hacmolymph lipid levels after injection of perfusate of, 


the glandular lobe of the CC following its stumulation through the 
NCC [I in the presence (solid bars) and absence (clear bars) of 
phenorybenzamine. Note that the perfusate following maximal 
stimulation (MS, open bars) caused elevation of haemolymph lipid 
(hyperlipaemia) but that the perfusate following maximal stimula- 
tion in the presence of 10~* M phenoxybenzamine caused a reduc- 
tion in haemolymph lipid compared with controls (SS, open and 
closed bars). Release of hyperlipaemic hormone is obviously 
blocked in the presence of phenoxybenzamine but the release of 
hypolipaemic hormone is not. Mean+s.c. of four assayed locusts. 
b, Hasemolympbh lipid levels after injection of perfusate of isolated 
storage lobe following stimulation of the NCC II. Note that the 
perfusate following maximal stimulation (MS) caused a reduction 





stimulation was increased to bring about a maximally pro- 
pagated response in the form of a compound action potential 
recorded from the internal face of the ventral lobe of the storage 
lobe of the CC. The control saline (collected after sub-threshold 
stimulation) and the experimental saline (following recording of 
compound action potentials) were assayed for hypolipaemic 
activity. Groups of four adult male locusts (10-14 days old) were 
each injected with 20 ul of the test saline. After 45 min the 
insects were bled through the cervical membrane. The lipid in 
the haemolymph was estimated gravimetrically”. In two out of 
three storage lobes. stimulated in this way, the ‘experimental 
saline’ caused a 38% diminution of haemolymph lipid when 
compared with controls (Fig. 15). Stimulation of NCC I failed to 
cause release of a hypolipaemic factor. We believe that in the 
third experiment the storage lobe might have retained some 
glandular lobe contaminants as lipid levels increased on 
injection of this preparation. 

In a second series of experiments the ventral lobe of the, 
storage lobe was dissected out of mature female locusts and 
homogenized in 100 pl of saline. Aliquots of the saline extract 
were injected into adult male locusts. Control insects received 
injections of saline or extracts of fat body. The lipid levels in the 
haemolymph of the test insects were determined 45 min later. 
Figure 2 shows the effects of injections of storage lobe extracts 
on the lipid levels in the haemolymph of test insects. It can be 
seen that as little as 0.0025 equivalents of the storage lobe 


in haemolymph lipid (hypolipaemia). Mean +s.e. of 12 assayed 
locusts. SS, Sub-threshold stimulation; MS, maximal! stimulation. 


the two nervi corporis cardiaca II(NCC I) which enter the 
storage lobe dorsally, close to the junction of storage and 


glandular lobes. We have recently demonstrated” that stimula-. 


tion of the NCC II causes the release of hyperlipaemic factors 
from the glandular lobe (see Fig. 1a, MS open bars). . 

During experiments on the pharmacology of the neuro- 
transmitters mediating the release of hyperlipaemic factors, we 
observed preparations which, when stimulated through the 
NCC I in the presence of the a-adrenergic blocking agent 
phenoxybenzamine, caused a reduction in the haemolymph lipid 
of the insects studied (Fig. 1a, MS, closed bars). We interpreted 
this finding as indicating the continued release of a hypolipaemic 
factor, evident only when the release of the hyperlipaemic 
hormone(s)'~* was inhibited by blocking the synapse between 
NCC 0 axons and the intrinsic cells of the glandular lobe to the 
CC. To substantiate this hypothesis we examined the hypoli- 
paemic activity in greater detail. 

AKH activity has been associated primarily with the glandular 
lobe*; therefore, it was expected that the source of the hypoli- 
paemic factor should lie elsewhere. Because incubation of the 
CC in phenoxybenzamine without nervous stimulation did not 
bring about release of hypolipaemic activity, it was assumed that 
its release was controlled by axons of the NCC I. Mason’ has 
shown that NCC H sends axons into both the storage and 
glandular lobes of the CC of Schistocerca. This was confirmed for 
Locusta by recording a propagated response from both storage 
and glandular lobes following stimulation of NCC HU. Two 
approaches were adopted to confirm the presence of a hypol- 
ipaemic factor in the storage lobe of the CC. CCs were carefully 
dissected from mature adult female locusts so as to retain as 
much of the NCC I and NCC H as possible. Next, the glandular 
lobe was dissected away leaving the NCC H attached to the 
storage lobe. As several workers have pointed out® that the 
boundary between storage and glandular regions is not discrete, 
we could not always be certain that all the glandular lobe had 
been removed. The storage lobe was placed in 100 pl of phy- 
siological saline’. The cut end of the NCC H was then drawn into 
a suction electrode and. stimulated with impulses of sub- 
threshold current intensities at 5 Hz for 10 min. The bathing 
solution was collected and the preparation replaced with 100 pl 
of fresh saline. The procedure was repeated but the level of 
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Fig. 2 Decrease in haemolymph lipid following injection of 
extracts of ventral lobe of the storage lobe of the CC or solutions of 
insulin (porcine). The resting level of lipid in the control insects for 
the storage lobe experiment was 10.1+0.8 g17', giving a maxi- 
mum hypolipaemic effect of 57% reduction in haemolymph Lipid. 
Resting level in the insulin expernment was 6 6+0 3 gl’, giving a 
maximum hypolipeemic effect of 56% reduction ın haemolymph 
lipid. The resting levels of lipid in the two sets of experiments 
reflect differences in the age and diet of the ‘assay locusts’. The 
horizontal lines at the top and bottom of the figure denote homo- 
geneous subsets formed by Student-Newman—Keul multiple range 
test (æ = 0.05) for storage lobe and insulin, respectively (results of 
one-way analyses of variance: for storage lobe, F = 6.23; d.f.=9, 
127; P<0.001; for insulin: F = 8.35; d.f. = 5,79; P<0.001). The 
points are mean-+s.¢. 





caused a significant diminution of haemolymph lipid and that the 
hypolipaemic effect increased as higher concentrations of 
storage lobe were used. 

In vertebrates, insulin decreases glucose levels in the blood 
and promotes lipid synthesis in the tissues. Several authors! ™”? 
have reported the presence of insulin-like molecules in insects. 
Furthermore, insulin has been shown to decrease the release of 
lipid from Hyalophora fat body in vitro’*. Antibodies against 
porcine insulin (Sigma) were generated in rabbits and used to 
localize insulin immunoreactive substances in sections of brains 
and CC of locusts using the peroxidase~anti-peroxidase 
method’*, Positive staining was detected in the ventral lobe 
region of the storage lobe and in median neurosecretory cells of 
the brain. The presence of insulin-like molecules in the CC 
prompted us to investigate the effect of insulin on the lipid levels 
in locust haemolymph. It can be seen from Fig. 2 that in jection of 
insulin caused a marked decrease in haemolymph lipid. The 
similarity in the effect of extracts of storage lobe of the CC and 
insulin together with the presence of anti-insulin immunoreac- 
tive molecules in this part of the CC suggest the locust hypol- 
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ipaemic factor and insulin have some common molecular fea- 
tures. 
Although the hypolipaemic factor has not been demonstrated 
in the haemolymph, the manner of its release from the CC 
suggests that the hypolipaemic factor in the storage lobe of the 
locust CC is indeed a newly discovered hormone. A slight 
hypolipaemia has been reported in cockroaches following 
injection of extracts of whole CC or corpora allata’ and 
Goldsworthy and Cheeseman’® suggested the possibility of such 
a hormone following the observation of slight hyperlipaemia in 
starved locusts in the absence of changes in AKH titre in the 
haemolymph. The physiological significance of the 
hypolipaemic factor could be to overcome the inhibition of 
glycolysis in flight muscle brought about by increased levels of 
diglyceride in the haemolymph or to restore haemolymph lipid 
levels to ‘normal’ following its dramatic increase during flight. 
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In man, sudden stretch of an actively contracting muscle evokes 
a classical monosynaptic spinal reflex followed by an automatic 
‘long-latency’ response, both evident as bursts of activity in the 
electromyogram (EMG)*. This long-latency response, exten- 
sively investigated in the human long thumb flexor, but present 
in many other muscles’, occurs too early to be voluntary and 
much indirect evidence suggests it represents the operation of a 
‘long-loop’, perhaps transcortical, stretch reflex mechanism*™”. 
Some investigators have found that the long-latency responses 
may be modified substantially by the subject’s intent, possibly by 
pre-setting of excitability levels within the central nervous 
system thereby influencing the ‘long-loop’ mechanism*”’. 
However, others have observed little effect of voluntary set on 
the automatic long-latency stretch response'”"'. It is notable 
that these studies, which have yielded conflicting results, have 
involved different muscles in a variety of experimental condi- 
tions. In some studies a warning signal preceded muscular 
stretch, while in others control trials were interspersed with 
stretches. To resolve the dilemma we have examined the 
influence of these variables, and found that the automatic 
long-latency response can be modified most strongly in condi- 
tions when the voluntary reaction time is shortest, for example, 
when the timing of the stimulus can be predicted accurately. We 
suggest that modification of a long-loop stretch response is not 
due to some central pre-setting process, but merely represents 
interaction between a reflex of long latency and a subsequent 
very rapid voluntary event, occurring early because of predic- 
tability of the stimulus. 

We have investigated the effect of voluntary intent on the 
long-latency stretch response in flexor pollicis longus (FPL) and 


biceps brachii of 10 normal volunteers. The experimental 
apparatus has been described previously'*. In the experiments 
on FPL, the thumb was clamped at the proximal phalanx and the 
subject maintained a constant position of the distal phalanx of 
the thumb against a background force (2.5 N) offered by a low 
inertia motor. For biceps, the subject rested his upper arm on a 
table top at chest height and maintained his semi-pronated 
forearm vertical against a constant force (8 N) exerted by means 
of a light chain attached to the motor and pulling on the wrist to 
extend the elbow. Surface EMGs were recorded by a PDP 12 
computer after being rectified and integrated. In each subject 
muscle stretch was produced every 10-20 s by sudden increases 
in motor force lasting 1s (to 5 N for FPL; 24 N for biceps). These 
disturbances were administered in three separate ways (a, b and 
c given in random order); (a) 500-650 ms after a warning bleep, 
the time being set by a pseudo-random generator; (6) a constant 
8 s after the bleep; and (c) as in condition a but with 50% of 
randomly selected controls (unrecorded) in which the bleep was 
not followed by a change in motor torque. Before each warning 
signal the subject was instructed in random sequence either to 
‘let go` by relaxing completely, or to ‘resist’ by flexing as hard as 
possible on perceiving the disturbance. It was stressed that he 
was to react to the stretch and not to the earlier bleep signal. The 
computer recorded each trial over a period of 250 ms before the 
disturbance. Sixteen ‘let go’ and sixteen ‘resist’ trials were 
averaged separately in each group. The duration of the long- 
latency response was measured from the rectified EMG records 
of the ‘let go’ trials in condition c. The size of the response was 
measured from the integrated EMG records as the percentage | 
increase in activity over control levels extrapolated from the first 
50 ms of the sweep. ` T Pe 

It has been shown previously that when a stimulus is preceded 
by a warning signal, the simple reaction time increases with the 
length and variability of the fore-period’*. Thus we expected the 
reaction time to be shortest in condition a in which the subject 
could predict the timing of the stretch stimulus most accurately. — 
It was in this condition that the subject could voluntarily 
influence the size of the long-latency stretch response most 
effectively (Figs 1, 2). The addition of control trials (condition c) 
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or increasing the length of the fore-period to 8s (condition 5), 
both of whic > the exact timing of the disturbance less 
certain, rë u fluence of voluntary intent on the stretch 
response amount. 

Interes re was a considerably greater effect of, 
voluntary é stretch response in biceps than in FPL. This: 





due to a difference in voluntary reaction time 
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Fig. 1 The effect of prior instruction on the automatic long- 
latency response to muscle stretch in flexor pollicis longus (left- 
hand traces) and in biceps (right-hand traces) in a single subject. 

The top records illustrate the angular position of interphalangeal 
joint of the thumb and the elbow, the initial positions of the joints 
being 10° and 90° flexion respectively. The lower three traces show 
rectified EMG. The motor torque was increased 50 ms after the 
start of each sweep and the subject was instructed before each trial 
to ‘resist’ (p) or ‘let go’ (1) on perceiving the disturbance. Each trace 
shows the average of 16 p trials superimposed on the average of 161 
trials. The three experimental designs, a, b and c, performed as 
described in the text, in the sequence b, c, a. Position traces (top) 
are from trial a. The duration of the long-latency stretch response 
(vertical dotted lines) was estimated from the ‘let go’ (1) trials in 
trace c. A vertical arrow marks the onset of a small spinal latency 
component of the response with a latency of about 25 ms in FPL 

and about 15 ms in biceps. 


of the EMG response to an auditory stimu- ` 
iceps than in FPL (biceps 151 ms +7.3s.e.m: 
1.7 (n =8); paired Student’s. t-test, P< 
that because of the low inertia of the distal 
mb, the stretch stimulus caused a relatively 
ange in length in FPL thus saturating the reflex 


Change in EMG over control values (°4) 





Change in EMG (%) 





Fig. 2 A, Average size ‘of the long latency stretch reflex (+1 
s.e.m.) in FPL and in biceps of 10 subjects in the three different 
experimental conditions a,: and:c (see text). Open bars indicate 
the size in the ‘resist’ (p) trials; hatched bars the ‘let go’ (I) trials. 
Size of reflex EMG was measured from integrated records and is 
expressed as a percentage of basal levels.of activity calculated for 
the same duration as t ut extrapolated | from the control 
period immediately bef ateh s. B, Mean per- 
centage change {+1 s.e.m.) in the size of ‘the stre t reflex during 
the ‘resist’ trials compared with the size in the ‘let go’ trials for ea 
experimental condition (see text), The t tal dott 

100% indicates a Pie reflexs size was s the sanie in| both conditions. 












output (see Fig. 1). However, when a smaller thumb disturbance — 
was given (increase in force from 2.5 to 3.0 N) in conditior a, the i 
influence of voluntary sét was reduced, presumab f- 
the increase in voluntary reaction time to the smal erst us, 
In a subsidiary experiment the smaller stretch was adminis- 
tered together with a simultaneous electric shock (60 V; 50 ws) 
to the contralateral median nerve at the wrist (voluntary reac- 
tion to the electrical stimulus alone was 100 ms +2.8s.¢.m.) so as 
to shorten the reaction time to a small non-saturating stretch 
stimulus. Now the influence of voluntary intent was enhanced to 
levels greater than observed in the conditions described pre- 
viously for larger stretches (Figs 2, 3). In contrast, a simul- 
taneous electric shock had no apparent effect on reflex size when 


given with a larger stretch when reaction time was already short 


(Fig. 3). 

In conclusion, the degree of voluntary modification o of the size 
of the long-latency automatic stretch response depends on- 
factors p whictt aoc reaction time. The relatively small effects of 
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Fig. 3 Average percentage change-(+1 s.e.m.) in the size of the 
tong-latency stretch reflex in FPL of ten subjects during the ‘resist’ 
and ‘let go’ conditions when the stretch stimulus was given alone or 
paired with a simultaneous electric shock to the contralateral! 
median nerve at the wrist. All trials performed under condition a, 
with a warning signal given 500-650 ms prior to the muscle stretch. 
Left bars, large stretch (from 2.5 to 5 N); right bars, small stretch 
(from 2.5-to 3 N). The electric shock was arranged tobe above 
threshold for thenar muscle contraction. 
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voluntary intervention seen ini FPL may, be: because it, is 
impossible to administer a stretch stimulus which is both easily 
and therefore rapidly perceived, and yet which does not saturate 
the stretch reflex mechanism. In contrast, the stretch response in. 
biceps does not saturate so easily (because the inertia of the arm 
precludes very rapid stretches with the apparatus used), so that 
the influence of rapid voluntary intervention i is seen more easily 
than in FPL. Prior instruction, rather than pre-setting exc- 
tability levels in the long- loop pathways, seems to influence the 
automatic long-latency response .to stretch’ by superimposing 
fast descending voluntary eae on the earlier automatic 
event. 
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Interaction of 
anaesthetics with electrical synapses 


M. F. Johnston, S. A. Simon & F. Ramén* 


Departments of Physiology and Anaesthesiology, Duke University 
‘Medical Center, Durham, North Carolina 27710 


Stadies of the interaction of amacsthetics with variocs prep- 
ne E E E 


thetics than are axons. The effects of anaesthetics on electrical 
synapece (gap-jumctions or nexus) have not previously been 


and invertebrate tissues. We report hete the effects of several 
anaesthetics on clectromic coupling between nerve. cells, and 
show that electrical symapecs are less sensitive to most anaes- 
thetics than are chemical synapses and axonal membranes. 
Experiments were performed on segmented giant axons of the 
nerve cord of crayfish (Procambarus clarkii). Each axonal seg- 
ment is coupled to its neighbours by bidirectional electrical 
synapses near each segmental ganglion®’ . Measurements were 
made at the second or third abdominal ganglion. Intercellular 
coupling was determined: by- injecting hyperpolarizing square 
pulses of current and measuring the voltage responses at both 
_ sides of the intersegmental septum with intracellular micro- 
electrodes. Septal resistance (R,) and axon membrane resistance 
(R,,)-were calculated from these measurements’ ®. Propagated 
action potentials (p. a.ps) were also recorded as they travelled 
through the septal region. Control values for resting membrane 
potential and action potential amplitude are 88.9+ 2.0 mV and 
SOE IN E ON Ca A Te ee SE Re EPO eNO See ee 
* To whom correspondence should be sckdressod - , i - 


123.843.8.mV (mean +s.d.}, NS E ce and 


membrane resistance averaged 40+ 17, KO and 188+18 KN, 
respectively. 


Axons were ‘bathed in a “modified van Harreveld solu- ’ 
tion containing 205mM NaCl, ‘13.5mM CaCl, 5.4mM 


KCl, 2.6 mM MgCl, and 5 mM’ HEPES, adjusted to pH 7.5. 


Anaesthetics, “with -the exception of -ketamine which was 


obtained from Patke—Davis, were purchased from Sigma. All 
drugs were added extracellularly unless otherwise stated. The 
standard internal solution (SIS) containéd 15mM NaCl, 


109 mM KF, 37 mM K citrate; 96 mM mannitol and 1 mM 


HEPES, adjusted-to -:pH’7.5. The more water-soluble anaes- 
thetics were added directly to the external solution. Octanol and 

_ nonanol were added to the external solution from 1M stock 
solutions in dimethylsulphoxide (DMSO). The final concen- 
tration of DMSO was always leas than 0.5% (v/v), which by 
itself had no effect on electrical behaviour. Drug concentrations 
were increased until the axon would no longer maintain a 

` propagated, schon potential. Experiments were performed at 


15°C. 
Figure 1 summarizes data obtained when heptanol (3 mM) 


was applied externally. This figure shows propagated action 
potentials and the voltage—current relationships of the septal 
region during control (a,-d), heptanol (6, e) and recovery (c, f). 
Data for other anaesthetics at various concentrations were 
obtained similarly. 


Figure 15 shows that 3 mM heptanol blocks propagation of 


action potentials’ across the septum. These effects of heptanol 


are reversible (Fig. 1c). Blockade of action potentials can be 


explained, from’ septal ‘V-I relationships, by an increase in 


resistance from 5qK0 (Fig, Id) to 600 KN (Fig. le). ‘In these 


data only the V-I. curves in the third quadrant (hyper- 
polarization) are: relevant. The nonlinearity.of the V-I rela- 
tionships seen in’ the first quadrant is due to changes in 
membrane resistance during axon depolarization. .Under 
voltage-clamp conditions the V—I relationships are linear over a 
voltage range of +100 mV*”: In Fig. 1g, the septal resistance 


obtained from the slope of the V-I relationships is plotted 
against time.’ Arrows at 30 and 80:minutes indicate the begin- 
ning and end of heptanol perfusion, respectively. . 

Table 1 summarizes the results obtained with local and 
general anaesthetics with regard to. their effect on p.a.ps (column 
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Table 1- “Effet of anaesthetics at the aan septal synapse 





"Cae 




















tration Effect at Reversi- 
Anaesthetic © (mM) onp.a.ps -~ synapse bility 
Procaine pa blocked normal +++ 
Benzocaine. © 3.0 blocked normal ++4+4 
Propranolol. = 10 blocked =. normal © ++ 
General — cas 
Ketamine = = . 20 delayed normal +444 
n-Hexan-1-o0 >- 100 blocked _ slightly ++++ 
Fai Be an raed 
n-Heptan-1l-ol | 3.0 blocked uncoupled ++++ 
n-Octan-l-ol 1.0 blocked uncoupled +++ 
n-Nonan-l+ohee)....0.3 blocked . -. slightly -+++ 
ae 2 decreased 



















Scale: + ++ +, completely reversible; +, irreversible. 


lly uncouple the axons (column 4), and 
). Table 1 shows that ketamine, procaine, 
ch exist in both the charged and neutral 
form at pH. zocaine (which is uncharged at pH 7.5), 
produced no significant changes in septal resistance despite their 
profound effects .a.ps. For the homologous series of n- 
alcohols, from hexano! to nonanol (C6-C9), the bulk 
concentrations correspond to approximately equal membrane 
concentratio: . Alcohols from C6 to C9, all of which block 
action potentials the. concentrations used, affect septal resis- 
tance with a marked dependence on alcohol chain length. 
Specifically, heptanol and octanol dramatically increased septal 
resistance whereas hexanol and nonanol produced only minimal 
changes (Fig. 2). For example, octanol applied externally 
increased junctional resistance from 40 KQ to 1.3 MN. All the 
anaesthetics redi ced the resting membrane potential by 2- 
10 mV, . | 


3), ability to elect 
reversibility (coh 
propranolol (a 





Control -—- Heptanol | 
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Fig. 1 Propagated action potentials (a-c) and voltage-current 
relationships {d-f) in the septal regions of an axon externally 
perfused with heptanol (3 mM). Data were obtained using three 
‘microelectrodes, one for current injection and the others for 
voltage measurements across the septum. Calibrations at c apply 
also to a and b, and those on f also to d and e. The small numbers 
beside the action potentials in a and the V-I relationships in d 
indicate (1) pre- and (2) postsynaptic recordings respectively. g 
shows septal (R,, circles) and membrane (Rm, crosses) resistances 
calculated from the V-I relationships in the hyperpolarizing 
direction. Arrows at 30 and 80 min indicate the beginning and end 
of heptanol perfusion. . 
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Fig. 2 Maximum septal resistance reached during external per- 
fusion with hexanol (10 mM}, heptanol Gm f EEN a mM) 
and nonanol (0.3 mM). Abscissa is alky 
alcohol. Results from two separate è 
i alcohol: The horizontal dashed line ; 
nr Fraineane 
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modulation at electrical. synap: jes om Table 1 itis clear aat 
electrical synapses are less sensitive to representative anaes- 
thetics than either chemical: synapses or axonal membranes, 

virtually eliminating them from the: scope of structures that 
might be involved in anaesthesia. (2) The lack of effect of certain _ 
anaesthetics on electrical synapses and the chain length effect 
exhibited by alcohols serve to exclude several possibilities 
regarding mechanisms responsib! coupling. Positively | 
charged molecules propranolol, x d procaine (at 
pH 7.5) and the neutral molecu d no effect on 
septal resistance. Thus, g ë hanges due to 
surface ae si ae , dipo ickness’*, tension? | 
j these molecules E 

























a manner consistent \ 


; lu bility i in iii This i is eo 
the case for axons’ = pi : 


$8-21 

“monolayers”, 
lominal ganglia oi 2 
: aa aynaps a 






k k apo 

for the a group aay othe: inate ota, in the unco 
mechanism. It would be of general interest to know, in ti 
current models of electrical synapses” pwo 
octanol act to uncouple these synapses. 
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Diffusion of acetylcholine in the 
synaptic cleft of normal ` ` | 
and myasthenia gravis human endplates 


S. G. Call-Candy, R. Miledi & O. D. Uchitel, 


Department of Biophysics, University College London, nee 
Gower Street, London WCIE 6BT, UE m 


When acetyicholinesterase (AChE) b inactivated the thne 
constant of decay of the miniature endplate current (74...) 
depends on the lifetime of the endplate channel and on the speed 


of clearance of acetylcholine (ACh) from the synaptic cleft’*. 


The latter will be influenced by the binding of ACh to 
hence by their density aud by the proportion of the ACh packet 


which attaches to them. By comparing T. »p. af various levels of , 


receptor density, for example, following 


normally attaches to the receptors’. We have estimated p'at the. 


normal buinan endplate’ and’ compared ‘this with miyastheaia 
gravis (MG) affected hunian endplates where, as a result of 
reduced receptor density, pi nese pe ine ra 
- endplate potential ‘(m.e.p.p.)* amd m.c.p,c. amplitudes™*, a- 
bumgarotoxin (Big) lod?” amd Ahern” The 
properties of the A induced chansels gre similar at normal 


and MG endplates’ and it is walikely that normal or MG. 
channel properties are markedly altered by the various drog . 


treatments used here, Therefore, at treated normal and at 


MG endplates any reduction in the time constant of decay of, 


m.c.p.cs indicates that the speed of clearance of the ACh 
the cleft is Increased. In the experiments here the 
proportion of the ACh packet, which’ binds is estimated to be. 


about 0.5 at normal human endplates. At MG endplates in the 
absence of cholinesterase actiyity m.e.p.cs decay more rapidly 


than osama aad the proportion of the ACH packet attaching ii 


reduced. 
Human intercostal nerve muscle was obtained from _myas- 
thenia gravis and control patients. The preparation of muscle 


bundles and electrophysiological techniques for intracellular’ 


recording and voltage clamping were as previously, described”. 

Application of neostigmine to human endplates increases the 
amplitude of the spontaneously occurring m.¢.p, ps by inhibiting 
cholinesterase activity. The amplitude of m.e.p.ps and the time 


constant of decay of the miniature currents have been studied. 


over a range of neostigmine concentrations to determine the 
optimum level required to inhibit cholinesterase. This was found 
to be 107’ to 5x 107 g ml™ neostigmine; higher concentrations 
reduce the m.e.p.p. and m.e.p.c. amplitude: Thé amplitude and 
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Fig. 1 Mie.p.cs recorded! from a slagle norduai human endplate In 
normal medium in the presence of neostigmine (5x107 gml” J 
(a) and aftet applicatiofi of tubocurarine and neostigmine: 
(5107 g mi‘) (b). In the presence of TC'the m.e.p.c. amphtude 
‘ reduced and the time constant'of decay of the m.e.p cs becomes’ 
briefer. M.c.p.cs are recorded under voltage clamp ( Va = -80 mV, 
T = 22°C) through a 500-Hz low pass filter.which prolongs the . 
rising phase and slightly attenuates the amplitude. The rising phase . 
. of m.c.p.ca is also prolonged by the presence of neostigmine. , 
_Tubocurarine is applied jontophoretically. Tetrodotoxin 
i gm’ ) was present throughout. 


t 


time courte of m. ę. p.cs were obtained’ at ‘normal ‘human end- 
plates equilibrated in neostigmine (5x107 g ml”). Tubo- 
curarine (TC) was then applied either iontophoretically or in the 
bathing mediym (10% g mI“). At this concentration TC has no 
appreciable 'effect on endplate ‘channel properties in frog 
muscle’’, In addition, in some experiments a-Btx (5x 


107g mi~ ') was used to block receptors partially, because even 


at doses higher than those used here it does not appreciably alter 
the characteristics of the remaining endplate channels’. M.e.p.cs 
were sampled during progressive block or during the recovery 


Figure 1 shows examples of normal m.e.p.cs in neostigmine 
and m.e.p.cs at the same endplate following’ iontophoretic 
application of TC (Va =—80mV). The reduction in m.e.p.c. 
amplitude, to less than one-third the normal size in this example, 
is accompanied by a decrease in Tamepo a8 previously reported 
for partially blocked endplates in other species*’**. 

The ratio of control to curarized Teepe, which in anti- 
esterase-treated endplates reflects the relative rates of clearance 
of ACh from the synaptic cleft, was obtained either from a 


semilogarithmic plot of the m.e.p.c. decay phase or from power 
_ ` density spectra of m.e.p.cs. Figure 2 illustrates power spectra of 


m.€.p.cs obtained from a single voltage-clamped human end- 
plate in normal medium (neostigmine 5x107 g ml") and after 
bath application of TE fà epo Ís obtained from the half-power . 
frequency, fa at which the spectral density is reduced to one-half 
of the zero-frequency asymptote, according tO Tmep.™ 
1/ (afa). In the examples in Fig. 2 the frequency shift from 


"27 Hz in normal medium to 35 Hzin TC indicates a decrease in 


Tm epo from 5:89 ms to 4.54 ms on partial curarization. 

It hds beeh suggested’ that if a fraction, p, of the ACh 
molecules in the cleft binds to receptors, diffusion will be slowed 
down by the factor 1/(1—p).' Then from the ratio of the time . 
constants ofthe control and curarized m.e.p.cs, 7/Trc, and the 
ratio of their ‘amplitudes, a, it is possible to obtain an estimate of 
P: t/ Tre (1~ap)/(1~p). 


= (tT ees) G= atre) 
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Several kinetic assumptions involved in this relationship have 
previously been considered'''*. The fraction of the packet which 
attaches is reduced to ap by reducing the number of available 
receptors, for example, during curarization or at the human MG 
endplate, where the density of receptors is reduced by an 
anti-receptor antibody (reviewed in refs 15, 16). Thus, when p is 
known at untreated endplates it should vary as ap for different 
levels of receptor block. In the experiment in Fig. 2 the fraction, 
p, of the ACh packet attaching to receptors is 0.41. The range of 
values for p, obtained by treating with TC or a-Btx, was 0.4-0.6 
at normal human endplates; the mean value for p was 0.56+ 
0.05 (+s.e., five endplates from three muscles). 

We have found no significant difference between Trey. at 
normal and MG endplates in normal bathing medium (that is, in 
the absence of esterase inhibitors) examined in four normal and 
four MG muscles (Table 1, see also ref. 10). On addition of 
neostigmine the decay time of both normal and MG m.e.p.cs 
increased markedly. For normal endplates Tm.ep.c. increased 
about three times whereas for MG endplates it was approxi- 
mately doubled. Therefore, in the presence of neostigmine MG 
m.e.p.cs decay more rapidly than normal m.e.p.cs: Tm.ep.c. 
(normal) = 5.56 ms and Tms pe. (MG) = 3.65 ms ( Va = —80 mV, 
T = 22°C). These values are significantly different, P< 0.001 
(see Table 1). The simplest explanation for such a difference 
between normal and MG m.e.p.cs is that the rate of diffusion 
from the cleft is faster at MG endplates as a result of the reduced 
ACh-receptor density. 

If we compare the mean value of Tmp.. for myasthenia gravis 
and normal m.e.p.cs in neostigmine (Table 1), where the ratio of 
the mean m.e.p.c. amplitudes, a = 0.35 (range of values for a at 
20 endplates, 0.17-0.46), the fraction of the packet attaching at 
the normal endplate is estimated to be p = 0.45 (range of values 
at 20 endplates, 0.38-0.60). This is assuming that the reduced 
amplitude and rapid time course of MG m.e.p.cs results mainly 
from a decreased receptor density at MG endplates. Further- 
more, the fraction of the packet, ap, expected to attach at MG 
endplates is about 0.16 (range of values, 0.08-0.20). We have 
recorded MG m.e.p.cs before and after treatment with TC or 
a-Btx. In these conditions m.e.p.cs become so small that 
accurate estimates of 7me pc. are difficult to obtain. However, it 
was possible to obtain values at five MG endplates at a clamp 
potential of —120 mV. This increased the amplitude of the 
m.e.p.cs and because of the voltage sensitivity of the channel 
lifetime’ caused a slight prolongation of 7,,¢.,.... Although there 
has been no detailed study on the dependence of p on membrane 
potential, from the information available no marked change is 


Table 1 Proportion of the ACh packet { p) attaching to receptors: a, for 

normal endplates by comparison of normal with myasthenic m.e.p.cs; 

b, for a normal endplate by curarizing normal m.e.p.cs; c, for a 
myasthenia gravis endplate by a-bungarotoxin treating MG m.e.p.cs 


Taepa (MS) 


Tmep.c,(Ms) (neostigmine) V,,(mV) a* p 


Normal 1.77+0.07 5.56+0.25 —80 
(n = 15) (n= 16) 
a 0.357 0.45 
Myasthenia 1.80+0.05 3.65+0.12 -80 
gravis (n = 18) {n = 20) 
Tm.e.p.c. (ms) Tm.e.p.c. (ms) Vin (mV) at p 
(neostigmine) (neostigmine + 
TC or a-Btx} 
b Normal 5.3 4.0 (TC) ~80 0.78 0.59 
c Myasthenia 6.12 5.40 (a- Btx) ~120 0.36 0.17 
gravis 





Values in a are mean +s.e., where n =no. of endplates examined. 
All measurements were made at 22°C. 

* a =MG m-.e.p.c. amplitude/normal m.e.p.c. amplitude. 

t a = treated m.e.p.c. amplitude/untreated m.e.p.c. amplitude. 








pone 


expected. Table 1 shows typical values from a myasthenic 
endplate treated with a-Btx in which p =0.17. The range of 
values of p obtained was 0.1-0.2; the mean value for p was 
0.16 +.0.03 (+s.e., five endplates in two muscles). 

Therefore, the similarity in estimates of p (in the absence of 
esterase activity) obtained by curarizing normal endplates or by 
comparing normal with MG miniature currents, indicates that 
the curarized normal endplate resembles the MG endplate in 
certain respects. The fact that MG miniature currents decay _ 
faster than normal miniature currents may be explained by a loss 
of ‘ACh binding sites’ which results in a more rapid escape of 
ACh from the synaptic cleft. This renders unattractive the 
possibility that at MG endplates there is a decrease in the 
number of functional channels without a concomitant decrease 
in ACh binding sites. The reduced fraction of the ACh packet 
attaching at MG endplates falls within the range expected from 
the reduction in receptor density estimated from measurements 
of m.e.p.c. amplitudes. This suggests that the affinity of the 
receptors for ACh is similar at normal and MG endplates. It 
therefore seems that the presence of anti-receptor antibody on 
the postsynaptic membrane’’’”* or changes in the endplate 
geometry associated with myasthenia’’” do not have a pre- 
dominant role in determining the time course of ACh diffusion 
out of the synaptic cleft. 

We conclude that the fraction of the ACh packet attaching at 
anti-esterase-treated human endplates is similar to that pre- 
viously reported for frog'?° and rat’? endplates. In addition, the 
fraction of the ACh packet attaching at MG endplates seems to 
be about one-third of that at the normal human endplate, due to 
a reduction in available ACh recepters. This results in a faster 
than normal clearance of ACh at the MG endplate. 
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Fig.2 Effect of tubocurarine on power density spectra of normal — 
human m.e.p.cs from a single voltage-clamped endplate. @, 

m.e.p.cs in normal medium, in the presence of neostigmine 

(2x 10°? gmi”’) at a clamp potential Vm =—80 mV, T = 22°C. 

Averaged spectrum of 12 individual m.e.p.c. spectra. Cut-off 

frequency indicated by arrow is f.= 27 Hz, hence Tmepe™ 
5.89 ms. A, m.e.p.cs treated with tubocurarine 0go m” 
applied in the bathing medium) in the presence of neostigmine 
2x10 g ml7'), Vin = ~80 mV, T = 22°C. Averaged spectrum of 
13 m.e.p.c. spectra. Cut-off frequency indicated by arrow is f= 
35 Hz, hence the pc. = 4.54 ms. The zero frequency asymptote is 
three times smaller for the spectrum of m.e.p.cs treated with TC 
indicating that the ratio: curarized m.e.p.c. amplitude/normal 
m.e.p.c. amplitude, a = 0.58, where the ratio of the amplitudes, a, 
before and after TC is obtained from the ratio of the square roots of 
the respective spectral densities. Hence, from the relationship, 

p=(t—-Trc)/(7 — arre), p = 0.41 for this particular case. 
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Erythroid developmental agglutinin is 
a protein lectin mediating specific 
cell—cell adhesion between 
differentiating rabbit erythroblasts 


F. Lynne Harrison & C. James Chesterton 


Department of Biochemistry, King’s College London, Strand, 
London WC2R 2LS, UK 


In many developmental systems ĝ -galactoside-specific protein 
lectins have been identified as components which appear at the 
cell surface in concert with an initial requirement for cell-cell 
adhesion during tissue formation’*. Although some of these 
lectins have been purified, there has been little direct evidence 
concerning their role in establishing specific cell-cell contact. A 
mammalian system where selective cell-cell adhesion is evident 
and which is amenable to study is that of erythroid differen- 
tiation in the adult bone marrow’. Here, the differentiation of 
erythroblasts takes place with the participants clustered 
together in the vicinity of a macrophage ‘nurse’ cell until the 
enucleation stage, when the immature reticulocyte is released 
and passes through the sinusoidal wall into the circulation. We 
show here that a small, 8 -galactoside-specific, protein lectin can 
be extracted from erythroblast-enriched marrow and purified to 
homogeneity. This factor, termed erythroid developmental 
agglutinin (EDA), exhibits properties which strongly suggest 
that it is responsible for inter-erythroblast recognition and 
adhesion in vivo. 

EDA, purified from lactose washes of erythroblast-enriched 
rabbit bone marrow (see Fig. 1 legend), shows 95-100% 
Coomassie blue staining in a single component after elec- 
trophoresis on native, urea or $DS-containing polyacrylamide 
gels, where it exhibits a molecular weight of 13,000. No staining 
is observed with Schiff-periodic acid reagent, and GLC analysis 
for sugars in EDA hydrolysates detected less than 1 molar 
equivalent carbohydrate. Completely pure EDA can be 
obtained by repeating the affinity chromatography step once or 
twice more. The lectin electrofocuses as a single component at 
pH 5-6. 

The specific location of EDA in vive was demonstrated by 
immunolabelling. The IgG fraction from anti-EDA antiserum 
raised in a sheep was absorbed out with that protein from an 
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Fig. 1 In vitro agglutination studies. The ability of EDA to mediate 
intercellular cross-linking was tested using cells which were washed twice in 
MESL and resuspended in buffered medium. In addition, fractions enriched 
for erythroblasts, immature myeloid cells and marrow reticulocytes were 
prepared by sedimentation through a Percoll gradient (experimental details 
will be published elsewhere). The cellular composition of the fractions used 
was determined by cytocentrifugation and histological staining to be: 90% 
erythroblast, 5% myeloid, 3% reticulocyte; 69% myeloid, 26% reticulo- 
cyte, 5% erythroblast; and 87% reticulocyte, 4% erythroblast, 9% myeloid, 
respectively. Cell suspensions (0.25 mi, 10° cells per mi buffered medium) 
were mixed at room temperature by end-over-end rotation (4 r.p.m.) in 
small plastic vials at various EDA concentrations. Aliquots were taken 
throughout the incubation, diluted fivefold with 0.2% trypan blue in 
butfered medium (to check viability) and aggregation was assessed by 
counting the number of single cells present in a haemocytometer. The points 
plotted represent single cells lost after 10 min incubation with EDA. In the 
absence of EDA no agglutination was seen. a, Agglutination of a mixed cell 
population: @, anaemic rabbit bone marrow; ©, erythroblasts for 
comparison. 4, Agglutination of cell fractions: @, erythroblasts; ©, myeloid 
cells; A, marrow reticulocytes; C), erythrocytes; &, Chinese hamster ovary 
cells. Erythrobiasts in the presence of: ©, 24 mM sucrose; W, 0.66 mM 
lactose; $, 0.32 mM thiodigalactoside. EDA was purified from the bone 
marrow of 20 rabbits made anaemic by phenylhydrazine injection'’. The 
tissue was gently disaggregated and the cells washed 3x in a total of 30 mi 
MESL. After centrifugation at 27,000g for 15 min followed by 120,000¢ for 
2 h, the washes were treated with 100% saturated (NH,),SO, and centri- 
fuged at 30,000g for 20 min . Pelleted protein was dissolved in MES (14 mM 
2-mercaptcethanol, 2 mM EDTA, pH 8, 150 mM NaC) and fractionated by 
gel filtration through Sephadex G-100. Fractions with haemagglutination 
activity’? were concentrated by ultrafiltration, applied to a column of 
Sepharose 4B (4.4 x 28 cm) and eluted with MES. EDA was eluted after the 
main protein peak, Active fractions were concentrated by ultrafiltration. 


EDA preparation which did not bind to the affinity column and 
yielded a single precipitin line in a double-diffusion test against 
EDA or crude lactose extract. This was used to locate the 
agglutinin by standard indirect immunofiuorescence techniques 
in whole marrow freshly obtained from healthy or anaemic 
rabbits. Fluorescence was detected only on the surface of eryth- 
roblasts and reticulocytes and this could be completely eli- 
minated by preincubation of the cells and antibody with purified 
EDA (Fig. 2). Washing the marrow with 0.3 M lactose removes 
all the cell-surface agglutinin detectable in the same batch of 
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unwashed marrow. Developing myeloid cells and the macro- 
phage ‘nurse’ cell were not labelled unless in contact with an 
erythroblast (Fig. 2). 

The agglutinin is capable of linking inert cells together by a 
mechanism blocked by B-galactosides. The assay used to moni- 
tor the lectin during preparation is a simple haemagglutination 
test with trypsinized rabbit erythrocytes'”. EDA also gives a 
positive haemagglutination reaction when such cells are fixed in 
glutaraldehyde, a procedure which chemically cross-links and 
inactivates surface protein. This activity was inhibited by 0.6 
mM lactose and 0.5 mM thiodigalactoside but was not affected 
by 230 mM sucrose, confirming previous observations on the 
behaviour of unfixed cells. 

The in vitro specificity of EDA was first tested on lactose- 
washed cells from anaemic marrow, a mixed cell population. 
With increasing concentrations of the lectin, two phases of 





Fig. 2 Detection of EDA in fresh bone marrow by indirect 
immunofluorescent labelling. The marrow was gently disaggregated in 
Gibco 109 medium buffered with 25 mM HEPES and the suspension of cells 
allowed to settle on to microscope slides precoated with polylysine or 
concanavalin A. The immobilized cells were incubated with preimmune or 
anti-EDA IgG (3.4 mg mi™') followed, after washing, by fluorescein- 
conjugated rabbit anti-sheep IgG. After washing again, the cells were 
mounted in 80% glycerol in phosphate-buffered saline and viewed with a 
Vickers M17 microscope using visible light under phase contrast (a) or 
incident fluorescent illumination (6). Fluorescent labelling was detected 
strongly on the surface of erythroblasts (E) and weakly on marrow reti- 
culocytes (R). No labelling was detected on the surface of myeloid cells (M). 
Furthermore, no labelling was seen in the following conditions: when IgG 
from a preimmune serum was substituted for anti-EDA IgG; if the cells and 
IgG were preincubated with 0.5 and 1.7 ug mi~’ EDA, respectively; or when 
the cells were prewashed with MESL (28 mM 2-mercaptoethanol, 2 mM 
EDTA, pH 8, 150 mM NaCl and 0.3 M lactose). x 1,155. 





Fig. 3 Effect of anti-EDA Fab on the agglutination of cells bearing 
cell-surface EDA. Lactose-washed erythoblasts were suspended in 
buffered medium at 5 x 10° cells ml~* and allowed to settle out in a glass 


cavity slide. They were incubated sequentia ly with 28 wg mi ` EDA and 
various concentrations of either anti-EDA Fab or preimmune Fab as 
described in the text. The cells were resuspended and allowed to settle out 
once more to allow assessment of agglutina ion. Fab fragments were pre- 
pared by pepsin (100 yg ml‘) digestion of IgG (10 mg ml ') for 18 h at 37°C 
in 70 mM acetate buffer, pH 4, containing 50mM NaCl. After adjusting the 
pH to 8 with Tris-base, crude (Fab), was separated from Fc and undigested 
IgG by gel filtration on G150 and reduced to Fab fragments by incubation 
with 0.01 M dithiothreitol at 22°C for 30 min followed by 10 min in the 
presence of 0.022 M iodoacetamide. The product was separated by repeat- 
ing the gel filtration step and its purity was checked by SDS-polyacrylamide 
gel electrophoresis. (The method was commenicated to us by M. Virji.) The 
photographs show erythroblasts after incubation with preimmune Fab (a ) or 
anti-EDA Fab (b), both at 5 mg ml*. x115 


aggregation were seen. Approximately 60% of the cells agglu- 
tinated at 5 wg ml ' EDA, and the remainder required a higher 
concentration (Fig. 1a). Phase contrest microscopy showed that 
the initial aggregates contained almost exclusively erythroblasts 
which stained preparations revealed constituted 67% of the 
marrow. The erythroid specificity suggested by these results and 
previously shown by immunofluorescent labelling was 
confirmed by the behaviour of different cell fractions in this 
assay. Lactose-washed erythroblas’s from either healthy or 
anaemic rabbits were agglutinatec by 2-8 pg ml’ EDA, 
whereas immature myeloid cells required three or four times 
more lectin to achieve 50% aggregation, and a Chinese hamster 
ovary cell line needed a level over fivefold higher (Fig. 1%). 
Erythroblast agglutination was inhitited by low concentrations 
of B-galactosides (Fig. 15). The intra-marrow concentration of 
EDA is not known, but an estimate can be made from the yield 
of agglutinin protein after purification. This s approximately 0.2 
mg per rabbit or 40 ug ml ' marrow from anaemic animals and 
0.05 mg or 10 ug mI from healthy ~abbits; thus, the affinity of 











a N 


EDA for the erythroblast surface which can be demonstrated in 
vitro seems to be adequate to account for the clustering seen in 
vivo. o : 

The presence of EDA is coincident with the requirement for 
adhesion in vivo. Erythroblasts at all stages of differentiation 
discernible in the marrow were strongly labelled by anti-EDA 
IgG but marrow reticulocytes showed a weaker surface fluores- 
cence (Fig. 2). Only faint fluorescence was observed on early 
circulating reticulocytes and none could be detected on late cells 
or erythrocytes. Erythroblasts, separated into fractions enriched 
for the various developmental classes by unit gravity sedimen- 
tation’, all showed a similar degree of agglutination by EDA in 
vitro. However, aggregation of bone marrow reticulocytes 
required higher levels of agglutinin and erythrocytes were not 
visibly affected apart from a transient clustering at high EDA 
concentrations (Fig. 1b). i 

The immunofluorescence studies described above demon- 
strate that anti-EDA antibody binding does not displace EDA 
from the erythroblast surface. Therefore, it is possible that if 
EDA mediated cell aggregation by triggering a secondary 
mechanism at the cell surface, cell-cell adhesion would not be 
affected by the binding of an antibody molecule. On the other 
hand, if an EDA bridging mechanism induces agglutination, the 
presence of bound anti-EDA IgG, rendered monovalent by 
conversion to Fab fragments, would almost certainly stearically 
hinder the process. The experiment was carried out using 
lactose-washed erythroblasts which had been allowed to settle 
out into a monolayer on the surface of a cavity slide. The cells 
adhere to the glass strongly enough for the surrounding medium 
to be changed without significant disturbance. In situ, the eryth- 
roblasts were loaded with agglutinin and subsequently 
incubated with either control preimmune Fab or anti-EDA Fab. 
After subsequent resuspension, the cells were allowed to settle 
once more to enable assessment of their state of aggregation 
(Fig. 3). In the presence of up to 14 mg ml” control Fab protein, 
normal EDA-induced agglutination was observed whereas anti- 
EDA Fab at 14, 10 or 5 mg ml™' completely blocked cell 
clustering; 2.5 mg ml“! produced an inhibition of about 50%. 
A second batch of both preparations gave similar results and 
we find the experiment reproducible with cells from different 
animals. | 

Using the experimental advantages of the erythroid system, it 
has thus been possible to demonstrate that many of the criteria 
required for identifying molecules which link cells together in 
vivo are fulfilled by EDA. In particular, the fact that this 
agglutinin will cross-link inert cells and that its action when 
bound to erythroblasts is blocked by monovalent antibody 
strongly suggests that a bridging mechanism is involved. EDA is 
a typical small, acidic, B-galactoside-specific, protein lectin. It 
may be, therefore, that all such animal lectins act as cell-cell 
bridging molecules. 

Perhaps the temporal role of the 8- galactoside-specific lectins 
in development is now clearer. The inter-erythroblast adhesion 
mediated by EDA occurs at an early stage of tissue formation 
and is reversible, the erythroblastic island being a transient 
structure. Examination of the relationship of other such factors 
extracted from embryonic tissue to the developmental pattern of 
the embryo reveals that in all cases activity is only observed at an 
early stage. It is possible that these have a similar role to that 
of the erythroid lectin. However, in most non-haemopoietic 
tissue, such links would be overridden by more powerful binding 
mechanisms. In the marrow, the cohesion is reversed and the 
maturing cell is lost irretrievably from its tissue of origin. 

We thank Tessa Beswick for technical assistance, Susan 
Godsave, David Wraith and Nicholas Parsons for help with the 
agglutination experiments and EDA preparation, Dr Elizabeth 
Hounsell for GLC analysis, Neill Spencer and Karen Wells for 
analysis of EDA by electrofocusing, Dr N. Totty for Chinese 
hamster ovary cells, and all in the laboratory for aid in preparing 
the manuscript. L.H. isa Cancer Research Campaign -supported 
research fellow and the work was additionally funded from the 
SRC and MRC. 
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Malignant transformation by mammalian RNA sarcoma viruses 
has previously been shown to involve a reduction in receptor 
sites for a well characterized 6,000-molecular weight (MW) 
growth-promoting substance, designated epidermal growth 
factor (EGF)'°. Although Abelson murine leukaemia virus 
(AbDLV) resembles sarcoma viruses in its ability to transform 
embryo fibroblasts in cell culture“, AbLV induces a rapid B-cell 
lymphoid leukaemia rather than fibrosarcomas in vivo*°. The 
major translational product of AbLV is a highly phosphorylated 
polyprotein”? of MW 120,000 which exhibits an associated 
tyrosine-specific protein kinase activity’ and probable trans- 
forming function’*“**. We show here that AbLV transformation 
resembles transformation by RNA sarcoma viruses with respect 
to the abolition of EGF-binding sites. EGF binding is restored to 
control levels following loss of polyprotein expression in 
morphological revertants of AbLV-transformed clones and 
remains uninfluenced in cell lines infected with transformation- 
defective (td) AbLV mutants encoding polyproteins deficient in 
protein kinase activity. These findings indicate that AbLV 
transformation involves a polyprotein-associated, . tyrosine- 
specific protein kinase activity which mediates its effect through 
a mechanism resulting directly or indirectly in the abolition of 
EGF-binding sites. — | . 

The wild-type (wt) and td mutant AbLV FRE Fisher rat and 
CCL64 mink cell clones analysed in the present study are 
described in Table 1. In contrast to the wt AbLV-transformed 
clones, each of the td AbLV mutant clones is highly contact 
inhibted (data not shown) and lacks the capacity for colony 
formation in soft agar. Moreover, none of five td AbLV mutant 
clones were found to be tumorigenic on inoculation into a 
syngeneic Fisher rat host. Each of the td AbLV non-produc- 
tively-infected clones express a 120,000-MW polyprotein, 
P120, at levels comparable with wt AbLV-transformed clones, 
but in contrast to the latter clones, the polyprotein expressed 
lacks detectable protein kinase activity. Two morphological 
revertants of one wt AbDLV-transformed mink clone, 64Ab2-2, 
lack detectable AbLV P120 expression, protein kinase and 
ability to grow in soft agar. This defect in expression of trans- 
formation is cellular rather than viral in nature as demonstrated 
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Fig. 1 Identification of amino acid acceptor residues phosphorylated in _ 
vitro by phosphatransferase activity. In vitro**P-labelled extracts of control 
FRE cells (a) or FRE cells infected with either wt AbLV (C1 4-4) (5) or td 
AbLV (2-112-F2} {c} were hydrolysed in 6M HCI at 100°C for 1h. 
Two-dimensional! separation was carried out by electrophoresis at $00 V for 
3h in acetic acid/formic acid/water (15: 5:80; pH 1.9) (horizontal dimen- 
sion) and chromatography in 0.5 M ammonium hydroxide /isobutyric acid 
(3: 3) (vertical dimension). fa vitro phosphorylated amino acid residues were 
identified by comparing their position relative to phosphoamino acid stan- 
dards stained with ninhydrin'?. These included phosphothreonine, phos- 
photyrosine and phosphoserine and co-chromatographed with spots 1,2 and 
: 3, respectively. : 


by the presence of AbLV genomic sequences measured by 
molecular hybridization (data not shown) and the rescuability of 
wt AbLV by appropriate type C helper viruses'*', 

The above findings do not indicate whether the lack of 
[y-**P]ATP-mediated in vitro phosphorylation of AbLV P120 
is a defect in the ADLV P120-associated protein kinase activity, 
or whether it reflects an inability of P120 expressed in td 
AbLV-infected cells to act as substrate. To resolve these possi- 
- bilities, we examined the levels of phosphotyrosine in represen- 
tative wt and td AbLV-infected cell clones. As shown in Fig. 1, 
Phosphotyrosine was not observed to a significant extent in 
control FRE rat cells but was readily detectable in a represen- 
tative wt AbLV-transformed cell line. In contrast, appreciable 


_ phorylation of AbLV P120 in td mutaat-infe 






levels of phosphotyrosine were not observed in td AbLV- 
infected cell lines. These findings suggest that the lack of phos- 
ed clones does 
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cells was ~20-fold lower than that by 
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Fig.2 Analysis of EGF-binding characteristics according to the method of 
Scatchard”. Mouse EGF (Collaborative Research) was labelled with Lat 
high specific activity (10-40 aCi per pg) according to previously published 
methods'”-'*. Cell lines were cultured at around 10° cells per well in 24-well 
cluster plates (Costar). After 48 h, individual wells were washed once with 
complete DMEM, incubated for 3 h at 37 °C in serum-free DMEM) and for 
an additional 4h at 4°C in 0.2 ml of HEPES-buffered (pH 7.4) DMEM 
containing 0.1% ovalbumin and concentrations of ‘*"I-labelled EGF rang- 
ing from 5,000 to 500,000 c.p.m. Cells were then washed three times in 
serum-free medium, dissolved in 1% SDS (1 ml) and their radioactivity 
measured in a y-scintillation counter. For cell number determinations; 
duplicate wells were stained with Sedi-stain (Becton-Dickinson). Results are 
based on triplicate determinations and are expressed as ng EGF bound per 
10° cells and as the ratio of bound to unbound EGF (B/F). Cell lines tested 
are described in detail in Table 1 legend and include a, RRE (0, Cl 4-4 (0), 
2-112-F2 (A), 2-109-F5 (MB), 2-112-RT2 (A), and.6, CCL64 (@), 20-1-F6 
(OQ), 64Ab2 (A), 9-104-7 (A), 64 Ab2-2 4D. 
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Table 1 Correlation between: ADLV P120 associated protein kinase activity, EGF binding and malignant transformation 








Phosphotyrosine 
Protein (% of total EGF receptor sites 
Growth in AbBLV P120 kinase cellular 
l , e i soft agar {pg per me cell pmol °P phosphoamino No. per cell Affinity 
Cell clone aoe AA) protein) incorporated acids) (x107%) (i mol x 1078) 
Rat A 
Control: : FRE . <0.01 <0.01 <0.3 341 
wt AbLV transformed: C14-4 16 0.7 F: 342 
2-9-T2 14 | 0.5 | 2+2 
td ADL infected: 34-F2 <Ü. < <6.3 341 
2-109-F5 <0.01 0.03 NT 341 
2-612-F3 <0.01 <0.01 NT 341 
2-622-F5 <(}.01 <0.01 <0.3 4+} 
2-112-F2 <0.01 0.02 NT 341 
Retransformed td AbLV 2-112-RT? (T3) 341 
mutant: | 
Mink 
Control: CCLE64 <0.01 <0.01 <0.3 15+3 3x1 
wt AbLV transformed: 64Ab2 i 0.3 6 0.1+0. 242 
20-1-F6 Lis 2? 
td AbLV infected: 9-104-7 <0.01 9.0 r] Ł 4+1 
9.124-2 <0.01 <0.01 <0.3 8+2 341 
9.70-1 <0.01 <0.01 NT 2243 3+1 
Revertant: 64-Ab2-2 <0.01 <0,01 <0.3 2744 2+1 
64Ab2-56 <0.01 0.01 NT 1342 21 








Cells were propagated in Dulbecco's modification of Eagle’s medium (DMEM) supplemented with 10% calf serum (Colorado Serum Co.). Details of the isolation and 
preliminary characterization of each of these cell lines have been previously reported’*'’. Plating efficiency in soft agar was determined as previously described", Results 
represent mean values from three separate determinations. Levels of AbLV P120 expression were estimated on the basis of competitive immunoassays for their p12 
structural components'*:'’. In vitro phosphotransferase assays were carried out as described previously”. Cells (1 x 107) were disrupted in 5 ml of 10 mM Tris-HCI buffer 
(pH 7,2) containing 100 mM NaCl, 5 mM MgCl, 0.1% Triton X-100, by repeated aspiration through a 19-gauge needle. Extracts were preabsorbed overnight with normal 
goat serum (50 ul} and 0.5 mi of a 10% v/v suspension of protein-A—Sepharose (Pharmacia), and clarified by centrifugation of 40,000g for 90 min. Immunoprecipitation 
was by addition of Syl goat anti-Moloney-MuLV and 50 pl protein-A-Sepharose (10% v/v suspension) to I ml extract, agitation overnight and collection of 
immunocomplexes by centrifugation at 2,000g. Protein kinase reactions were carried out by resuspension of immunoprecipitates or aliquots of total lysates in Tris-HCl 
buffer (pH 7.2) containing 5 mM MgCl,, 1 pCi [y-7 P]ATP 100 Ci mmol™' (NEN) and incubation for 10 min at 30°C. Samples were washed in ice-cold 10 mM sodium 
phosphate buffer (pH 7.2), 0.9% NaCl, 1% Triton X-100, 0.5% sodium deoxycholate and 0.1% SDS, collected by centrifugation at 2,000g for 10 min, transferred and 
collected on glass fibre filters (GF/C, Whatman) with 10% trichloroacetic acid containing 1 mM AMP. Incorporated radioactivity was quantified by liquid scintillation and 
results expressed as pmol °*P incorporated into trichloroacetic acid-insoluble precipitates and corrected for nonspecific radioactivity at zero reaction time. Determination of 
phosphotyrosine as a percentage of total cellular phosphoamino acids was determined by scraping individual **P labelled phosphoamino acids from TLC plates; 
radioactivity was quantified by liquid scintillation. Results are expressed as the ratio of **P-labelled phosphotyrosine to total *?P label in all three phosphoamino acids. NT, 
Not tested. The number of EGF-binding sites per cell and binding affinities are estimated on the basis of Scatchard binding plots prepared according to the method of 
Scatchard? and illustrated in Fig. 2. Results:represent average values of two to four separate determinations+s.e.m. As recently discussed by Norby et al?®, values 


obtained by this means may represent slight overestimations of the actual binding site numbers. 


infected with each of eight td AbLV mutants examined, exhi- 
bited similar numbers of EGF-binding sites and binding 
affinities to the uninfected control cell lines from which they 
were derived. Moreover, as shown in Table 1, restoration of 
AbLV P120-associated protein kinase activity following 
retransformation of a representative td AbLV mutant clone by 
wt AbLV was associated with a reduction in the number of EGF 
receptors. Thus, the defect in transforming potential by td 
AbLV mutants is associated with simultaneous loss of protein 
kinase activity and an impairment in the process resulting in 
EGF-receptor site abolition. 

As described above, morphological reversion of AbLV 
transformation is associated with loss of detectable levels of 
AbLV P120 expression, Thus, if AbLV P120-associated protein 
kinase activity is necessary for the abolition of EGF-receptor 
binding sites in AbLV-transformed cells, we would predict that 
such sites would reappear and that cellular phosphotyrosine 
levels would be reduced to those characteristic of nontrans- 
formed cells in revertant clones. To test this possibility, several 
morphological revertants of AbLV-transformed mink clones 
were analysed with respect to EGF-binding properties and 
levels of cellular phosphotyrosine. These clones are of particular 
interest because the transformation defect seems to be cellular 
in nature and to occur at high frequency’*'®. As shown in Table 
1, in both of the revertant cell clones examined, phos- 
photyrosine levels were reduced to control levels. Moreover, in 
both cell lines, EGF binding was restored to levels comparable 
to that exhibited by uninfected control cells. 

To test the generality of restoration of EGF binding after 
morphological reversion of transformation, levels of EGF bind- 
ing by uninfected control, Gardner feline sarcoma virus (FeSV)- 
transformed cells and morphological revertants of FeSV-trans- 
formed mink cells were examined. The Gardner FeSV trans- 
formation system was chosen because of its resemblance to 
AbLV in that FeSV has also been shown to encode a high 


molecular weight phosphorylated polyprotein translational 
product’”’’® with associated protein kinase activity’. In fact, we 
have more recently shown that this activity also has specificity 
for phosphotyrosine acceptor sites and have demonstrated ele- 
vated levels of phosphotyrosine in mink and rat cells following 
FeSV transformation’’. As shown in Table 2, EGF binding was 
over 10-fold lower in FeSV-transformed than uninfected 
control mink cells. Following reversion of one such clone to a 
nontransformed phenotype, EGF binding was restored to 
control. levels. Thus, an undefined mechanism resulting in 
simultaneous loss of expression of viral polyprotein expression 
and phenotypic transformation also leads to restoration of 
EGF-binding capacity. 7 

The present findings establish an association between AbLV- 
induced transformation and reduction of EGF-binding sites and 
suggest that both depend on the presence of tyrosine-specific 
protein kinase, either intrinsic to, or associated with, AbLV 
P120. The fact that EGF binding by td AbLV mutant-infected 





Table 2 EGF binding by uninfected control, FeSV-transformed and morpholo- 
gical revertant cell clones 





EGF receptor sites 
No. per cell | Affinity 

Cell clone (x1074) imot x 1074 
Rat ; | 

Control: . FRE | 20,5 = 341 

FeSV transformed: FeSV-NPC14 0.1+0.1 241 
Mink 

Control: CCL64 1543 321 

FeSV transformed: 64-FeSV-14 0.321 2+1 

Revertant: 64-FeSV-14-1 12+4 3+1 


maae 

The isolation and preliminary characterization of these cell lines have been 
previously reported'**, EGF receptor site numbers and binding affinities were 
determined as described i in Table 1 legend. 
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cell lines is equal to that exhibited by uninfected control cells, 

despite levels of AbLV P120 expression comparable to those in 
wt AbLV transformants, suggests that if AbLV does directly 
interact with EGF-binding sites, its expression in the absence of 
protein kinase activity is not sufficient for transformation. For 
instance, phosphorylation of one or more tyrosine acceptor sites 
within the EGF receptor, AbLV P120 itself, or in some 
undefined cellular regulatory protein may be involved in the 
process. Alternatively, reduction of EGF binding associated 
with AbLV P120 protein kinase activity may be due to activa- 
tion of one or more cellular growth-promoting factor(s) analo- 
gous to sarcoma growth factor (SGF) described by Todaro and 
colleagues**, 

Our results do not resolve the problem of whether the reduced 
EGF-binding activity associated with AbLV transformation is 
directly attributable to AbLV P120 protein kinase activity or 
whether loss of EGF binding represents a secondary 
phenomenon resulting from expression of the transformed 
phenotype. The previous demonstration, however, that EGF 
binding is reduced only partially i in avian sarcoma virus-trans- 
formed cells and remains essentially unaltered in cells 
morphologically transformed by DNA viruses such as SV40 and 
polyoma, argues against the latter possibility. This difference in 
effect on EGF receptors by RNA and DNA tumour viruses of 
mammalian origin is somewhat surprising in view of results 
indicating that transformation by : SV40 and polyoma may also 
involve protein kinase activities”! 

Activation of growth factor regulatory systems may represent 
one of several mechanisms for spontaneous and chemically and 
virally induced. malignant transformation. In particular, the 
transforming function associated with acquired cellular 
sequences represented within recombinant genomes of certain 
RNA tumour viruses, such as ADLV, may be mediated by this 
pathway. A major advantage of the AbLV system for studies of 
the role of the growth-promoting factors in transformation 
relates to the fact that an AbLV-encoded protein with tyrosine- 
specific protein kinase activity and probable transforming 
function has been identified. In addition, many td AbLV 
mutants and morphological revertants have been isolated and 


characterized in some detail. AbLV transformation thus pro- 


vides an excellent model system for further elucidation of the 
molecular events involved in malignant transformation. 

We thank K. A. Seese and G. T. Blennerhassett for technical 
assistance. This work was supported by NCI contract NOI-CO- 
75380. 
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For cytoplasmic glucocorticoid-receptor complexes to enter and 
accumulate in the nucieus a temperature-dependent event, 
‘activation’ is required’. Activation can be achieved in oiiro by 
increased ionic strength, dilution or gel filtration’ and is 
manifested by an increased affinity of steroid—receptor complex 
for DNA**’* and an altered elution profile from ion-exchange 
resins™™, Munck and Foley have shown’? that activated 
complexes isolated from thymocytes elute from DEAE-cellu- 
lose in a manner identical to complexes activated in vitro. We 
report here that DEAE-cellulose chromatography of steroid- 
receptor complexes from CEM-C7, a cloned human leukaemic 
T-cell line sensitive to the cytolytic action of glucocorti- 
coids’***, and its steroid-resistant subclone 4R4 demonstrated 
that steroid receptors of clone 4R4 cannot form stable activated 
complexes. This defines a new defect in recepto ac ion, activa- 
tion lability (r*act'), which is unlike either ther rat’, orr nf 
phenotypes previously described for mouse ly nphoid vari- 
an tgh, 

Both the glucocorticoid-sensitive clone (C7) and the steroid- 
resistant subclone (4R4) contain specific, high-af inity binding 
sites for “H-dexamethasone, although the 4R4 sites display a 
somewhat lower affinity for dexamethasone than do those of its 
sensitive parent (Table 1). The source of this difference, which in 
itself cannot account for the total resistance of 4R4 to 10°°M 
dexamethasone, may be clonal variation, or it may actually 
reflect subtle differences in the receptors. Since subsequent 
experiments indicate that glucocorticoid-receptor complexes of 
4R4 are labile in the conditions of the whole cell binding assay 
(37°C), the higher Kz obtained may result from non-equili- 
brium conditions. In fact, binding data obtained using cytosol 
assays performed at 0-4°C suggest that both C7 and 4R4 
receptors have the same high affinity (3x10°°M) for 
dexamethasone (data not shown). A more striking difference in 
the properties of the receptor complexes of the two clones is 
their relative ability to translocate to the nucleus.in physiological 
conditions (Table 1). No glucocorticoid—-receptor complex was 
detected in the nucleus of 4R4 after incubation for 1 hat 37°Cin 
the presence of 5x 107° M *H-dexamethasone, although 40% 
of the receptor complexes of clone C7 were detected in the 
nucleus in identical conditions. In contrast to the rnt” mouse 
variants which generally display decreased but detectable 
nuclear accumulation of receptor complex (40% of the sensitive 
$49 wild type)'*'’, clone 4R4 exhibits no nuclear transfer. 

Since glucocorticoid-receptor complexes of clone 4R4 could 
not be detected in the nucleus we examined the possibility 
that these receptor complexes were either unable to be acti- 
vated (r’act”) or were labile (r*act') in ‘activating’ conditions. 
DEAE-cellulose chromatography of glucocorticoid-receptor 
complexes from several cell types resolves these complexes into 
two forms: a high salt-eluting form which does not bind to DNA, 
nuclei or chromatin and probably represents the ‘unactivated’ 
form of the complex, and a low salt-eluting form which does bind 
to DNA, nuclei and chromatin, and we has been asept to 
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represent the ‘activated’ form of the glucocorticoid—receptor 
complex'''?, Figure 1a depicts the time course of activation of 
C7 cytoplasmic receptors which were pre-incubated for 2h at 
0-4°C with 5x 107° M [1,2,4(n)-*H]triamcinolone acetonide 
(?H-TA) and then activated at 20°C in the presence of 0.2 M 
KCI for 0-30 min. Immediately after the 2h incubation and 
removal of unbound *H-TA by gel filtration, most receptor 
complexes were eluted from DEAE-cellulose by 0.22 M potas- 
sium phosphate, that is in the ‘unactivated’ form (peak II). After 
_ activation for 15 min or 30 min there was a progressive shift of 
specifically bound *H-TA to a form which was eluted at 0.05 M 
potassium phosphate (peak I), so that after 30 min 50% of the 
total bound radioactivity was found in peak I with a proportional 
loss from peak II. The salt concentrations at which peak II and 
peak I were eluted are essentially the same as those for cyto- 
plasmic receptor complexes detected in rat liver, HTC cells, 
LA9 cells, rat brain and adrenalectomized rat thymus (Y. 
Sakaue and E.B.T., unpublished data), and only activated 
receptor complexes from CEM cells bind to DNA-cellulose”’. 

Figure 1b depicts the time course of attempted activation of 
4R4 cytoplasmic receptors. Again the glucocorticoid-receptor 
complexes in the unactivated cytosol were eluted predominantly 
in peak II (0.21 M potassium phosphate). After activation for 
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Fig. 1 Time course of activation (20°C, 0.2 M KCI) of cytoplasmic [ 


and 4R4 (b) (O, unactivated control; A, 15 min activation; (3, 30 min 
excess of ice-cold Hanks’ BSS, and homogenized in 5 mM potassium p 
with a Ten Broeck ground glass homogenizer. Cytosols were isolated af a 
centrifuge. Cytosolic protein concentrations were determined by the method of Lowry et ai. 





Table 1 Characteristics of binding of *H-dexamethasone by sensitive 
(C7) and resistant (4R4) CEM cells 








Binding — %o Nuclear 
Clone (sites per cell)* Ka” translocation” 
C7 20,000 1.2x10°°M 40 
4R4 5,900 7.3x10°M 0 





Cells were grown in suspension in RPMI 1640 (NIH Media Unit) 
containing 10% heat-inactivated fetal calf serum (North American 
Biologicals) at 37 °C in a humidified atmosphere of 95% air, 5% CO}. 
Clone 4R4 is one of 54 spontaneously derived steroid-resistant sub- 
clones of CEM-C7 selected in 107° M dexamethasone’. For the whole- 
cell binding assay cells were collected in mid-logarithmic phase and 
resuspended in Tricine-buffered RPMI 1640 at approximately 10’ cells 
per ml. Aliquots (980 pl) of the cell suspensions were added to a series of 
borosilicate culture tubes (Fisher Scientific) which contained 10 yl of 
various concentrations of [1,2(n)° Hidexamethasone (38 Ci mmol‘; 
Amersham/Searle) in 95% ethanol plus either 10pl of ethanol 
(uncompeted) or 10 pl of 5 x 1077 M nonradioactive dexamethasone in 
ethanol (competed). Cell suspensions were incubated at 37°C for 1h. 
Following the incubation, 3 ml Hanks’ balanced salt solution (BSS) at 
22 °C were added to each tube, and the tubes were then centrifuged for 
i min at 1,200g in a clinical centrifuge. The cell pellets were then 
washed three times in 3 ml of BSS at 22°C. Final cell pellets were 
resuspended in 1.6 mi BSS and 1.0 ml was added to 10 mi Aquasol 
liquid scintillation cocktail (NEN) and radioactivity was determined ina 
Beckman LS 9000 counter. A 0.2-ml aliquot of the cell suspension was 
counted (Coulter Model ZB) to determine final cell recovery. The 
difference between the total d.p.m. and the noncompeting d.p.m. 
represents specifically bound 7H-dexamethasone and was expressed as 
sites per cell. Kg values and sites per cell were determined by analysing 
the data by the method of Scatchard’. For determination of nuclear 
translocation a minor modification of the procedure of Munck and 
Wira?’ was utilized. 

* Values represent means of at least two determinations. 
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1,2,4n-*H]triamcinolone acetonide-receptor complexes of CEM-C7 (a) 
activation). Cells (1 x 10° cells per ml) were collected, washed once in an 
hosphate buffer containing 0.5 mM dithiothreitol, pH 7.3 {KPD} at 4°C 
ter centrifugation for 1 h at 100,000g in a Spinco Model L refrigerated 


and were 6 to 9 mg ml *. Cytosols were incubated 


for 2 h at 0-4 °C with approximately 5 x 107° M [1,2,4(2)-*H]triamcinolone acetonide (29 Ci mmol '; Amersham/ Searle) before activation. 
Following activation (20 °C, 0.2 M KCI) free steroid and salt were removed by passage over G25 columns (PD 10; Pharmacia) pre-equilibrated | 
with 5 mM KPD buffer. 700 pl of the post-G25 cytosol were then loaded on to a DEAE-cellulose (DE52; Whatman) column (3 mi bed volume) 
which had been pre-equilibrated with 5 mM KPD. Bound radioactivity was then eluted by a linear 5 mM to 400 mM KPD gradient and 1.0-ml 


fractions collected. All chromatographic procedures were performed at 4 


°C, Aliquots (400 pl) of each fraction were added to 10 ml of Aquasol 


eee i É i | ao ae ae is 

and assayed for radioactivity. Salt concentrations were measured with a Radiometer electroconductivity meter. In similar experiments cytoso. 

sabe’ with a 1,000-fold excess of nonradioactive TA failed to reveal any "H-TA bound to DEAE-cellulose columns. Since these lymphoid 

cells are devoid of progesterone receptors (J.M.H. and T.J.S., unpublished data) the binding of “H-TA can be assumed to be to glucocorticoid 
receptors. | 
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Fig. 2 DEAE-cellulose chromatograms depicting activation (30 min at 20°C, 0.2 M KCI) of cytoplasmic [12 Ain) *H triamcinolone 

acetonide-receptor complexes of CEM-C7 (a) and 4R4 (b) in the absence (©) and presence (A) of molybdate. Cell cytosols were pre- 

pared, incubated with °H-TA, and activated as in Fig. 1 with the exception that half of.each cytosol was activated m the presence of 50 mM 
molybdate. 


15 min there was a significant depletion in the radioactivity 
associated with peak IT as seen for the wild type, but only a very 
small increase in the radioactivity associated with peak I (0.05 M 
potassium phosphate). Continued exposure to activation condi- 
tions for 30 min resulted in a further reduction of peak I with no 
further increase in the small amount of bound radioactivity 
eluted in peak I so that the total bound radioactivity was reduced 
by approximately 50%. These data clearly suggest that gluco- 
corticoid-receptor complexes from 4R4 are labile in activation 
conditions. The small increase in peak I seen in the time course 
of activation of 4R4 receptor complexes after 15 min (Fig. 15) 
suggests that at least some activation is possible. The subsequent 
disappearance of this peak after prolonged (30 min) activation 
suggests that it may be the activated form of the receptor 
-complex which is labile. This instability could result from actual 
< denaturation of the receptor protein or from dissociation of the 
steroid from receptor. 
Sodium molybdate (Na,MoO,) inhibits the activation of 
= glucocorticoid receptors from rat liver, rat thymus, mouse L cells 
and human leukaemic cells (T.J.S., unpublished data)**”", It also 
inhibits the activation of avian oviduct progesterone recep- 
tors’’?’, When 50mM molybdate was incubated with C7 
cytosol receptors during activation, the characteristic shift of 
steroid~receptor complex from peak II to peak I was not obser- 
ved (Fig. 2a), demonstrating the ability of this compound to 
inhibit the activation of human lymphoid receptors. Attempted 
activation of 4R4 steroid-receptor complexes in the presence of 
50mM molybdate produced the result shown in Fig. 2. In 
contrast to the loss of binding in the absence of molybdate, all of 
the binding was retained and eluted in peak II. This retention of 
binding most probably reflects the failure to generate a labile 
activated form of the 4R4 steroid—receptor complex in the 
presence of the inhibitor of activation, molybdate. Alternatively 
_ molybdate may have another, as yet undefined effect, whereby it 
-~ iscapable of stabilizing an otherwise unstable ‘unactivated’ form 
~ tof the steroid—receptor complex. 
. Mouse lymphoid variants of $49 and W7, resistant to the 
eviolytic action of glucocorticoids, either lack receptor (r`) or 
have receptor with diminished ability to enter the nucleus with 


reduced affinity for DNA-cellulose (r*nt?) or receptors which 


paradoxically bind more avidly to DNA cellulose (rnt). In 


the case of the rnt” and rnt phenotypes it is presumed that 
activation is normal since it is the afinity of steroid-receptor 
complexes for DNA and not their ability to bind which is altered. 
We have identified a new phenotype, r°act’, in a steroid- 
resistant variant of a human leukaemic cell line. DEAE-cellu- 
lose chromatography of the glucocorticoid—receptor complexes 
of this resistant variant failed to demonstrate the formation of- 
stable activated complexes. This result explains our failure to 
detect *“H-dexamethasone-receptor complexes in 4R4 nuclei in 
physiological conditions and indicates an additional mechanism 
for the acquisition of steroid resistance. These results suggest 
that the predominant mechanism(s) of steroid resistance in 
human and mouse lymphoid cell lines may differ and the steroid- 
resistant variants of CEM-C7 may prcvide a more useful model 
system for the study of glucocorticoid resistance in human T-cell 
leukaemia. 

This research was supported i in par: by an NIH Postdoctoral 
Fellowship (1F32 CA05447-02) awarded by the NCI to TIS. 
We thank Mrs Jean Regan for editorial assistance. 











Received 16 Noveme 1979; accepted 9 May 1980. 


. Munck, A, et al. J. Steroid Biochem. 3, 567-578 (1977), 

. Rousseau, G. G., Baxter, J. D., Higgins, $. J. & Tomkins, G.M. £ molec. Biol 7%, 339-834 
{1973}. i 

. Baxter, J.D. Proc, nam. Acad. Sci. USA. G69, [R9*-1 R986 IRTIR 

. Higgins, S. J, Rousseau, G. G., Baxter, J. D. & Tomkins, G. M. L bol Chem 248, a 
5866-5872 (1973). 

5. Milgrom, E., Atger, M. & Baulieu, E-E. Biochemiztry 12, 3198-8208 (1973). 

6, Kalimi, M., Beato, M. & Feigelson, P. Biochemistry 12, 3465~3371 (1973). 

7. Goidi, J. A.. Cake, M. H., Dolan, K. P., Parchman, G. L. & Litwack, G. Biacheminry 16, 

2125-2130 (1977). 

8. Cidlowski, J. A. & Munck, A. Biochim. biophys. Acta $43, 545-5455 (1972). 

9. Atger, M. & Milgrom, E. Biochemistry 18, 4298-4304 (1976), 

10. Parchman, L. G. & Litwack, O. Archs Biochem. Biophys: 184, 374-382 (1977 

il. Sakaue, Y. & Thompson, E. B. Biochem, biopiys. des. Commun Th $33. 541 ETR 

12. Munck, A. & Foley, R. Nature 278, 752-754 (1978), 

13. Norman, M, R. & Thompson, E. B, Cancer Res, Ya 3785-3791 GOTH 

14. Harmon, J. M., Norman, M. R., Fowlkes, B. J. & Thompson, E. B, J. cell. Phvsiol, on, 
267-278 (1979), 

15. Harmon, J. M., Norman, M.R.& Thompson, E, Bie Steroid Recopiez and the Management 
of Cancer (eds Thompson, E. B. & Lippman, Mo 113-ERICRE Press, Boca Raton, 
Florida, 1979}. 

16, Sibley, ČH. & Tomkins, G. M: Cell 2, 213-220 1974), Sibley, C. F & Tomkins, G. M. Cell 

2;221-227 (1974): . 


fd pee 


P w 


A A a aa rte E TO O RTT aE 
> 


510 





17. Yamamoto, K, R., Stampfer, M. R. & Tomkins, G. M. Proc. aam, Acad. Sci. USA. 71, 
3901-3905 (1974). 

18. Bourgeois, S., Newby, R. F. & Huet, M. Cancer Res. 38, 4279-4284 (1978), 

19, Pfahi, M., Kelleher, R. J. & Bourgeois, S. Molec. cell Endocr. 10, 193-207 (978). 

20, Seatchard, G. Aan. N. Y. Acad. Sci. 84, 660-6772 (19495, 

21. Munck, A. & Wira, C. Meth. Enzym. 36, 255-264 (1975). 

22. Lowry, O. H., Rosebrough, N. J, Farr, A. L. & Randall, R, L J. biol, Chem, 193, 265-275 

(1951). 

23. Harmon, J. M. et al. iin preparation). 

24. Sando, J., Hammond, N. D., Stratford, C. A. & Pratt, W. B. J. biol. Chem. 284, 4779-4789 
(1979) 

25. Leach, K. L.. Dahmer, M. K., Hammond, N. D., Sando, J.J. & Pratt, W, B.J bioi Chem, 
254, 11884-11890 (1979). 

26. Toft, D. & Nishigori, H. J. Steroid Biochem. 11, 413-416 (1979). 

27. Moudgil, V. K. Nishigori, H., Essalu, T. E. & Toft, D. D. in Molecular Mechanisms of 
Steroid Hormone Action (eds Clark, J. H, & Roy, A.) (Springer, Berlin, in the press). 


s z 


Insertion of E. coli photoreactivating 
enzyme into V79 hamster cells 


Betsy M. Sutherland & S. G. Hausrath 


Biology Department, Brookhaven National Laboratory, Upton, 
New York 11973 


Photoreactivating enzyme mediates the specific repair of UV 
light [220-300 nm, (UV)]-induced cyclobuty! pyrimidine 
dimers in DNA’. It binds to dimer-containing DNA, and on 
absorption of light in the wavelength range 300-500 nm 
monomerizes the dimer, restoring biological activity to DNA’. 
The specificity of the enzyme for pyrimidine dimers in DNA 
allows its use as an analytical tool. If UV-induced biological 
damage is photoreactivable, dimers are probably a major cause 
of that damage. Thus dimers have been implicated in producing 
death and mutation in prokaryotes and in simple eukaryotes’. 
Although this photoreactivation test has great potential value in 
assessing the role of dimers in UV-induced damage in mam- 
malian cells, its use in cultured mammalian cells has been limited 


by the dependence of photoreactivating enzyme levels on the — 


cell species*, genotype’ and culture medium®’. We have 
developed a method for insertion of Escherichia coli pho- 
toreactivating enzyme into mammalian cells, and show here that 
the inserted bacterial enzyme can mediate photoreactivation of 
pyrimidine dimers in V79 rodent cells. 

We selected V79 Chinese hamster cells as a mammalian cell 
line with minimal endogenous photoreactivating enzyme 
(rodent cells contain no more than about 10% as much photo- 
reactivating enzyme as do human cells*; also, V79 cells undergo 
excision repair very slowly®”'”), Cells were grown in a minimal 
essential medium known to be unfavourable for 
photoreactivating enzyme production®. We also required an 
effective insertion agent which did not inactivate the E. coli 
enzyme. Polyethylene glycol (PEG) 6000 proved satisfactory in 
all these respects. 

We first examined dimer monomerization in V79 cells treated 
with PEG, E. coli photoreactivating enzyme and visible light. 
Cells were grown in 60-mm plastic culture dishes overnight; the 
medium was removed, the cells were washed twice with 2 ml 
phosphate-buffered saline (PBS; 0.171 M NaCl, 3.4 mM KCl, 
10.1 mM Na ,HPO,, 1.9mM KH,PO,), and 1 ml PBS was 
layered over the cells. They were exposed to UV light from a low 
pressure mercury bulb; UV exposures were measured with a 
Jagger meter'’ calibrated against a Yellow Springs Instrument 
Company radiometer. All procedures were carried out under 
Sylvania F40G0 safe lights. After exposure to UV light, the PBS 
was removed, and the cells treated for 2 min with 3 ml of 
insertion mixture’? [prepared by mixing 30g of PEG 6000, 
Biological Laboratories (which had been autoclaved for 30 min) 
with 60 ml of medium without serum at 45 °C. The mixture was 
then cooled to 37 °C]. The insertion mixture was removed, the 
cells drained briefly, rinsed with 1 ml PBS and 0.1 ml (1.1 mg) of 
partially purified photoreactivating enzyme from E. coli W 3350 
A phr (ref. 13) [fraction III (ref. 14), specific activity ~600 
units mg ``] was layered over the cells. The cells were allowed to 
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stand at room temperature for 15 min, then either exposed to 
photoreactivating light from a 60-W incandescent bulb, or kept 
in the dark. Small amounts of PBS (~0.2 ml) were added to the 
dishes as required to prevent drying of the cells. Cells were 
collected by scraping into PBS, and centrifugation; their DNAs 
were extracted, then treated with the Micrococcus luteus dimer- 
specific U V-endonuclease (which makes a single-strand scission 
adjacent to each dimer)’*, and the relative sizes of the resulting 
DNAs determined from their electrophoretic mobilities in 
alkaline agarose‘. 

Figure 1 shows the result of such an experiment. Trace a 
represents DNA from unirradiated cells. Exposure of the cells to 
10 J m™ of UV radiation (trace b) produces UV endonuclease- 
sensitive sites (dimers) in the DNA, and thus a reduction in the 
size of the DNA after endonuclease treatment. After UV- 
irradiated cells were treated with insertion mixture and E. coli 
enzyme, followed by photoreactivating light, almost all of the 
UV endonuclease-sensitive sites disappeared, implying 
substantial monomerization of dimers (trace c). Treatment of 
the cells with insertion mixture plus photoreactivating enzyme in 
the absence of photoreactivating light did not affect the dimer 
content of the DNA (trace d), nor did incubation in the light of 
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Fig.1 Alkaline agarose gels of DNA from V79 cells which were: 
a, unirradiated; b, exposed to 20 J m” of 254-nm radiation after 
treatment with PEG and photoreactivating enzyme and killed 
immediately; c, UV irradiated and treated with PEG, photoreac- 
tivating enzyme, then 60 min of photoreactivating light; d, UV 
irradiated, treated with PEG, photoreactivating enzyme and kept 
in the dark for 60 min; e, UV irradiated, treated with PEG (but no 
photoreactivating enzyme) and then 60min photo- 
reactivating light; f UV irradiated and treated with photo- 
reactivating enzyme (but no PEG) and 60 min photoreactivating 
light. Cells were collected by scraping into PBS, centrifuging at 
5,000 r.p.m, in the SE12 rotor of the Sorvall RC2B for 5 min, 
resuspension in 0.25 ml buffer A-1 (SO mM Tris, pH 8, 10 mM 
EDTA, 0.4 M NaCl) and addition of 6 pl of freshly prepared 5% 
sodium lauryl sulphate, followed by 0.25 ml of redistilled phenol 
equilibrated with buffer A-1. The samples were rotated gently for 
30 min, centrifuged, the upper layer removed and ethanol-pre- 
cipitated. The precipitated DNA was centrifuged for 2 min in a 
Brinkman Microcentrifuge, drained briefly and resuspended in 
20 pl of reaction buffer (30 mM Tris pH 8, 40 mM NaCl, 1 mM 
EDTA), To samples (10 wl) of the mixture was added 15 ug of a 
M. luteus dimer-specific endonuclease preparation". The mixture 
was incubated at 37°C for 20min. A stop mixture (2 pl of 
0.5N NaOH, 25% glycerol containing 0.125% bromocresol green) 
was added, and the mixture applied to a 12 x 14cm agarose gel 
containing 0.29 g agarose, 59 mM NaOH and 4 mM Na3EDTA. 
The gels were electrophoresed at 16V for 22h, neutralized in 
500 mi 0,1 M Tris, pH 8, stained in 0.1 M Tris pH 8 containing 
0.5 pg m! * ethidium bromide. The gels were photographed using 
Polaroid type 55 positive /negative film, and the negatives scanned 
using a Joyce-Loebl densitometer. | 
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Table 1 Fate of dimers in UV irradiated V79 cells 








% Radioactivity in dimers 


Treatment (TT +UT)x1 0? /total] 


+UV, 90 min illumination 0.562, 0.713 
No UV, 90 min illumination 0.02 
aT ADATTE a 
V79 cells were labelled for 24h in a minimal essential medium 
containing 10% dialysed fetal calf serum (inactivated at 55°C for 
30 min), and 2pCiml' *H-thymidine (specific activity 60 mCi 
mmol™'), Cells were washed with PBS, exposed to 500Jm “ from a 
germicidal lamp with most of its emission at 254nm, then killed 
immediately, kept in the dark or exposed to photoreactivating light from 
a 100-W incandescant bulb at 20 cm. Cells were collected by scraping 
into PBS and centrifuging at 15,000 r.p.m. in the Sorvall SE-12 rotor. 
The DNA was hydrolysed with 88% formic acid, chromatographed on 
silica gel thin-layer plates in ethyl acetate/HO/n-propanol (4:2: 1)”, 
sliced and counted in a LKB scintillation counter. Similar deter- 
minations for cells exposed to 50 J m~? gave no indication of substantial 
excision or photoreactivation in the times used in the PEG insertion 
experiments. 


1 No UV 0.009, 0.005 

2 +UV, kill immediately 0.740 

3 +UV, 90 min incubation in dark 0.722, 0.682, 0.702, 0.621 
4 +UV, 40 min illumination 0.670, 0.650 

5 

6 


cells treated with insertion mixture (but without photoreac- 
tivating enzyme) (trace e) or incubation in the light of cells 
treated with enzyme and photoreactivating light (but no PEG) 
(trace f). 

As these experiments showed the apparent monomerization 
of cellular dimers by exogenous E. col! photoreactivating 
enzyme, it was important to show that the cells did not contain 
endogenous enzyme which might be mediating the reaction. We 
thus examined cellular photoreactivation and photoreactivating 
enzyme in three series of experiments. We first labelled the cells 
with *H-thymidine, and collected them without irradiation 
(Table 1, line 1), exposed them to UV (Table 1, line 2), kept 
them in the dark (line 3) or exposed them to photoreactivating 
light (lines 4, 5). Dimer photoreactivation in V79 cells grown in 
minimal essential medium was not detectable after either high 
(500 J m°) or low (50 J m™*) UV exposures. We also examined 
the loss of UV-endonuclease sensitive sites in V79 cells 
untreated with insertion mixture or photoreactivating enzyme in 
experiments similar to those in Fig. 1. Exposure of UV light- 
irradiated cells to photoreactivating light did not affect the 
number of endonuclease sensitive sites in the DNA, thus 
indicating an absence of detectable endogenous photoreac- 
tivation. We also tested cell extracts directly for the presence of 
photoreactivating enzyme activity. No enzyme activity could be 
detected in standard photoreactivating enzyme assays’. We 
thus conclude that it is likely that the disappearance of dimers 
seen in Fig. 1 is mediated by E. coli photoreactivating enzyme 
inserted into the cells rather than by endogenous V79 enzyme. 

This method for inserting E. coli photoreactivating enzyme 
into mammalian cells extends the range of cells in which 
photoreactivation of pyrimidine dimers can be examined. 
Several types of cells are especially suited for these studies. For 
example, rodent cells, in which excision and post-replication 
repair have been studied extensively'’, contain low levels of 
endogenous photoreactivating enzyme and have thus not been 
amenable to photoreactivation studies. In addition many cell 
strains derived from patients with xeroderma pigmentosum are 
deficient in  photoreactivating enzyme and cellular 
photoreactivation’*’. Finally, even those mammalian cells 
which are capable of producing photoreactivating enzyme 
(presumably Phr’) must be grown on suitable medium for 
expression of the Phr gene. The development of this method lifts 
this restriction and should allow examination of photoreac- 
tivation in a variety of media. Insertion of an enzyme which can 
specifically reverse pyrimidine dimers will allow a determination 
of the role of dimers and of other photoproducts in the induction 
of cellular damage. 


Two other systems have been developed for insertion of 
exogenous repair enzymes. Smith and Hanawalt studied the 
action of the phage T4 endonuclease V in isolated nuclei of 
human cells’. Tanaka et al. used Sendai virus to insert the T4 
endonuclease into intact human cells~**. They both increased 
unscheduled DNA synthesis and survival (about a fivefold 
increase) on addition of Sendai virus plus the endonuclease. 

Our attempts to insert E. coli photcreactivating enzyme into 
V79 cells with UV light inactivated Sendai virus were unsuc- 
cessful; we thus developed the PEG insertion method | Yarosh 
(personal communication) has usec a similar method for 
insertion of M. luteus UV endonuclease into V79 cells], which 
has several advantages: (1) PEG is available commercially, and 
is stable, (2) it is not a potential biohazard and does not yield 
productive or latent infection of treated cells, and (3) it is gentle 
to the photoreactivating enzyme, which is inactivated by many 
reagents. Finally, because the E. coli photoreactivating enzyme 
is larger (monomer molecular weight 35,000; the enzyme also 
aggregates to form higher multiples) than enzymes inserted by 
the Sendai method (the molecular weight of the T4 
endonuclease is 20,000), it may offer a general method of 
insertion of enzymes into mammalian cells. 
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Intracellular freezing during the cooling of living cells is repor- 
ted to reduce or abolish their recovery on thawing’. In miero- 
scopical and microprobe studies, low-temperature techniques 
may induce intracellular ice artefacts’. The amount of intracel- 
lular ice can be reduced either by selecting a slow cooling 
procedure that allows extracellular crystallization and cellular 
dehydration before the intracellular ice forms or by the ultra- 
rapid cooling of very small samples te minimize the nucleation 
and growth of ice’. However, a few reports suggest that in some 
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conditions intracellular ice may be either innocuous’ or even 
sometimes beneficial® for the survival of function. We have 
therefore used here the technique of low-temperature light 
microscopy to examine the relationship between intracellular 
freezing and cell injury. We followed the morphological 
appearance of eight-cell mouse embryos during cooling and 
warming in medium containing dimethyl sulphoxide (DMSO; 
1.5 M) and correlated it with their functional survival after 
thawing. Unexpectedly, we found that ice formed in the cyto- 
plasm of embryos during slow warming in conditions when it did 
not form during cooling. Death of embryos, however, did not 
correlate with the temperature during slow warming at which 
intracellular ice appeared (—85 °C). The occurrence in some 
conditions of freezing at these low temperatures during warming 
has important implications both for the preservation of function 
of cells and for the preservation of morphology in electron 
microscopy. 

The mouse embryo system was chosen because of the 
availability of a stringent in vitro survival assay (development to 
expanded blastocyst)° and the ease of observing the large blas- 
tomeres during cooling and warming on the low-temperature 
stage of a light microscope’. The embryos were cooled slowly 
(~0.5 °C min™') to —-40°C and then rapidly to <—150°C. In 
these conditions, they exhibit high survival after rapid warming 
(~500°C min™') but are dead after slow warming 
(<20°C min™')’. Injury following slow warming is believed to 
be associated with the migratory recrystallization of intracellular 
ice that formed during rapid cooling’. 

Figure 1 shows the typical microscopical appearance of two 
eight-cell embryos in DMSO (1.5 M) during cooling and warm- 
ing. The formation of intracellular ice is usually characterized by 
the sudden blackening or ‘flashing’ of the cytoplasm when 
viewed using phase contrast optics’. This blackening is believed 
to result from the scattering of light by the surfaces of ice crystals 
and possibly gas bubbles'®. During the slow cooling of the 
embryos to ~40 °C (Fig. la—1/), extracellular freezing occurred 
and the blastomeres shrank as reported for other cells". 
During the subsequent rapid cooling to ~ — 150 °C (Fig. 1g), the 
appearance of the embryos did not change, indicating the 
absence of visible intracellular ice. However, when the embryos 
were then warmed slowly, they ‘flashed’ (Fig. 1/), suggesting the 
formation of intracellular ice when the temperature reached 
~85°C. On continued slow warming, a complex series of 
phenomena was observed. Changes included: the gradual 
appearance (~85 to —70 °C; Fig. 1/-/) and disappearance (—70 
to —40 °C; Fig. 1/-q) of a dark crystalline material outside the 
zona pellucida and perhaps within the perivitelline space, an 
abrupt increase in the mobility of this material at -70°C (not 
visible in Fig. 1, but discernible in videotape recordings), the 
sudden appearance of the zona pellucida at —65 °C (Fig. 1m), a 
second darkening of the cytoplasm at —55°C (Fig. lo) and 
finally, the disappearance of the dark intracellular material at 
—40 °C, After thawing, the embryos appeared morphologically 
abnormal (Fig. 1r). When similarly cooled embryos were 
warmed rapidly (~250 °C min™') from —120°C or below, both 
videotape and visual observations revealed none of these. 
changes in appearance during warming. Furthermore, if slow 
warming was converted to rapid warming at ~-—75°C, the 
second darkening of the embryos was not observed. In both 
these instances, the embryos were morphologically normal after 
thawing. 

The critical temperature range associated with injury during 
slow warming was found from parallel survival studies. The 
embryos were cooled slowly to ~40°C and then rapidly to 
~196°C. They were first warmed slowly (~2°C min`’) to 
various temperatures and then rapidly (~500 °C min’ ')to 20°C 
(Fig. 2). The data demonstrate that the embryos survived slow 
warming providing conversion to rapid warming was done 
before the temperature reached —70°C. Slow warming to 
—60°C or above resulted in the death of the embryos. 
Functional injury therefore only occurred if slow warming was 
continued some 15-20°C above the temperature (—85 °C) at 
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Fig. 1 Microscopical appearance of two eight-cell mouse 
embryos during cooling and warming. Embryos were flushed from 
the oviducts of superovulated TO (Cre: TO) or MF1 (Ola: MF1) 
female mice that had been mated ~64h earlier with TO males. 
Embryos were collected and handled as described previously’. 
The embryos were placed into phosphate-buffered saline (PB1)'? 
containing DMSO (1.5 M) for at least 20 min at ~20°C to allow 
complete permeation of the DMSO”. Approximately 10 embryos 
were then placed into a small drop of the PB1-DMSO solution on a 
13-mm diameter coverglass and immediately covered with another 
coverglass. A hole reinforcer for loose-leaf paper (WEB self- 
adhesive reinforcements, Westwood Stationery) on one of the 
coverglasses prevented the embryos from being crushed. The 
coverglass sandwich was then placed onto the temperature- 
controlled slide of a low-temperature microscope stage”, The 
appearance of the embryos was recorded on time-lapse videotape 
and photographed onto Ilford Pan-X film using phase-contrast 
optics on a Leitz Ortholux II microscope. The embryos were cooled 
slowly (~0.5 °C min”) from +4 to —40 °C and photographs b-f 
were taken at the indicated temperatures. Photograph b shows the 
extracellular ice front as it passes the embryos. The embryos were 
then cooled rapidly (~250°C min *; photograph g). 
Subsequently, the embryos were warmed rapidly to —120 °C and 
then slowly (~2°C min‘) to ambient temperature (photographs 
h-r). Scale bar, ~50 um. 


Fig. 2 Survival of eight-cell mouse embryos cooled slowly to 
—40 °C and then rapidly to —196 °C as a function of the tempera- 
ture at which slow warming was converted to rapid warming (see 
insert diagram). Embryos were collected as noted in Fig. 1 legend, 
and 10-15 embryos were transferred into glass test tubes (10 x 
75 mm) which contained 0.1 ml PB1. The embryos were held at 
~20 °C and an equal volume of PB1 containing DMSO (3.0 M) was 
added and mixed (final DMSO concentration 1.5 M). The embryos 
were held at ~-20°C for 20 min to allow complete permeation of 
the DMSO”. The samples were then placed into a —7 °C bath and 
2 min later were nucleated with an ice crystal. After ~5 min, the 
samples were transferred into an alcohol bath at —7 °C that was 
cooling at ~0.5 °C min™' (ref. 18). When the temperature of the 
bath reached —40 °C, the samples were quickly transferred into 
liquid nitrogen (~ 196 °C) and held for 15 min to 48 h. The samples 
were warmed either by direct transfer into a +37 °C water bath 
(~500°C min”) or by transfer into stirred alcohol (300 ml in a 1-1 
beaker) initially at ~-—110°C and allowed to warm in air 
(~2°C min” '). At different temperatures, samples were removed 
and warmed rapidly in a +37°C water bath until the ice disap- 
peared. After thawing the samples were diluted rapidly” and the 
embryos were washed in PB1 and cultured in Brinster’s BMOC-3 
medium’. Survival was measured as a percentage of cultured 
embryos developing to the expanded blastocyst stage in 48 h. 
Approximately 90% of the embryos frozen were recovered and 
cultured. Temperature was measured using copper~—constantan 
thermocouples and a potentiometric recorder. Each data point 
represents five replicate tubes. 
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which intracellular ice was first observed.to form. We also 


examined whether the functional injury was reversible, by- 


repeating the experiments described in Fig, 2 legend, except that 

-instead of warming the embryos rapidly from various tempera- 
tures during slow warming, they were recooled. rapidly from 
those temperatures into liquid nitrogen and then rewarmed 
rapidly in a +37 °C water bath. The survival was not significantly 
different from that in Fig. 2. This suggests that the injury 
resulting from some event that occurs during slow warming 

could not be reversed by a return to a lower temperature betore 
rapid warming. 


These results indicate that the absence of intracellular freez- | 
ing during cooling is no guarantee that freezing will not occur. 


within the cells during warming. This finding has important 
implications for those using low-temperature techniques for 


‘preservation of either structure or function. The initial forma- 


tion of intracellular ice at —85 °C during slow warming clearly 


did not result in cellular injury, as injury occurred only when | 
slow warming was continued for a further 20°C (to about 


—65 °C). Furthermore, the embryos were injured before the 


second darkening of the cytoplasm at —55 °C and the melting of © 
~40°C, If the three events of flashing at 


the intracellular ice at 
~85°C, darkening at —55°C and disappearance of the dark 
crystalline material in the cytoplasm at —40°C correspond, 
respectively, to devitrification (crystallization)'*"*, 1S migratory 
recrystallization’” and melting of ice in the cytoplasm, then our 
data showing injury at ~ —65 °C do not support a correlation of 
injury with these phase transitions of intracellular ice. This 


conclusion contradicts previous suggestions of the mechanism . 


by which intracellular ice injures. Mazur has suggested that 
injury from intracellular ice and its migratory recrystallization is 


a direct physical consequence of the ice and the effect is on 


intracellular membranes”'*. If this were so, the injury should 
occur at the same temperature as, or soon after, migratory 
recrystallization. Farrant has suggested instead that injury 


results from osmotic forces mediated by the imbalance between | 


the melting of intra- and extracellular ice"; with this idea most 
injury should occur after the intracellular ice melts. Three 
alternatives may account for the discrepancy between our 
survival data and the phase changes of intracellular ice. First, an 
invisible event may occur at -65°C (for example, recrystal- 
lization of ice) that leads to injury. Second, one of the visible 
changes of intracellular ice (recrystallization at —55 °C) may be 
the damaging event and become inevitable once slow warming 
reaches —65 °C. Finally, the presence of intracellular ice may be 
innocuous and functional injury result from a change i in another 
component of the system. 

We thank Dr C. R. Coid for providing research facilities and 
Miss C. Evans for the. photographic | processing. 
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i Precursor complement protein (pro-C4) 


is converted in vitro 
to native c4 by plasmin 


Gabriel Goldberger & Harvey R. Colten 


Division Cell Bidlogy, Department of Medicine, the Ina Sue Perlmutter 
Cystic Fibrosis Research Center, Children’s Hospital Medical Center 


and the Department of Pediatrics, Harvard Medical School, Boston, 
Massachusetts 021 15 : | | 


Te fourth component of emptenent (C4) is a constituent of 
the classical serum complement pathway, one of the principle 


effectors. of inflammatory reactions. A single chain protein 
(molecular weight (MW) 200,000), presumed to be the pre- 
cursor of C4 (pro-C4), was first identified as a product of 
cell- free translati yn on polysomes from guinea pig | liver homo- 


| genate’. Pro-C4 has ince been detected in human*” and guinea 
pig plasma and. ini 
cultures’, Native C4is composed of three polypeptide chains of 
— unequal size and linked by disulphide bridges—the a, 8, and y 
chains whic 


tracellularly in macrophage* and liver 








+h have MWs of approximately 95,000, 75,000 and 
31,000 respectively (ref. 6). Kinetic studies of C4 biosynthesis in 
tissue culture, a comparison of peptide maps from tryptic 
digests’ and identity of the amino-terminal segments of guinea 
pig pro-C4 with B chain of guinea pig and human C4 (ref. 8) 
suggested that pro-C4 was a precursor of C4. However, con- 
version of pro-C4 to native C4 has not been demonstrated 
directly. We now report that the addition of plasmin to 


radiolabelled pro-C4 (in cell lysates of guinea pig macrophages) 


generated a protein with the characteristic size and subunit 
structure of native C4, establishing the precursor—product rela- 
tionship between these proteins. These data also suggest that a 
plasmin-like enzyme is responsible for. post-translational. con- 
version of this procomplement (pro-C4) protein to C4 in vivo. 


Another enzyme, the Cis subunit of the first component of 


complement, cleaved pro-C4 at a single site, distinct from the 


plasmin cleavage sites, to generate fragments of approximate 


MWs 112,000 and: 91,000. This experiment indicated that 
B-a-y is the sequence of subunits in pro-C4. 

A previous study, using a microradiosequencing method, 
showed that the 8 chain is the amino-terminal segment of 
pro-C4; the carboxy-terminal segment had not been ascer- 
tained. Hence, a preliminary study of pro-C4 structure was 
required to interpret results of experiments designed to convert 


, the procomplement protein to native C4.: Guinea pig macro- 


phage cultures from. starch-induced peritoneal exudates were 
incubated for 5 hin medium containing *°S-methionine. The cell 
monolayers were then washed extensively and the intracellular 
radiolabelled protein containing pro-C4 was recovered in the 
supernatant following 100,000 centrifugation of a 0.5% Triton 
X-100 lysate of the cells. Culture medium served as the source of 

radiolabelled native C4. 
The Cis subcomponent of the first eaponel of complement 
zyme that cleaves. the amino terminus of a-chain of 





~ native. C4 ata a single site, liberating a fragment of MW 9,000 


(C4a). To test whether this enzyme would be of use in deducing 


the sequence of subunits in the precursor protein, purified Cis 
_ was mixed in excess with radiolabelled pro-C4 in cell lysate or 
with 2°S-methionine-labelled native C4 secreted by macro- 


phages in culture. After incubation for 60 min at 37°C the 
products were subjected to SDS-polyacrylamide gel electro- 
phoresis (Fig. 1). In confirmation of: published data®, Cis 





"treatment of native C4 resulted in alteration of the mobility ofa 


chain (generation of a’) due to loss ofa 9,000-MW. fragment. 
There was no apparent change in. mobility of either 8 or y chain. 
Cis also cleaved pro-C4 at a single site to generate two poly- 
peptides of approximate MWs 112, 000 (a'~y) and 91 000 (B 
chain + 9,000-MW 9 K) senor ofa. Cam, no free a’ chain 
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Fig. 1 Cleavage of pro-C4 
and native C4 by Cls. Cell 
lysate (as a source of **S- 
methionine-labelled pro-C4) 
prepared as described in Fig. 
3 legend and medium from 
the same cultures (as a source 
of radiolabelled native C4) 
were each mixed with purified 
Cis (140yugmi™' final 
concentration)? and the 
mixtures were incubated at 
37°C for 60 min. Controls 
consisted of lysate or medium 
incubated in identical condi- 
tions except that Cis was 
omitted. C4 antigen was iso- 
lated by precipitation’andthe 4-9Ka 


products of Cis action on pro- 1S A 
C4 and C4 were analysed by Tiron. PT C ; 
1% SDS/9% polyacrylamide ] 

gel electrophoresis'’. Lane 1, 

pro-C4; lane 2, pro-C4 

treated with Cls; lane 3, 

native C4; lane 4, native C4 

treated with Cls, The two l 2 3 4 

fragments generated from . 

pro-C4 by C1 cleavage were stable on prolonged incubation with the Cls enzyme. Their sizes (MWs 112,000 and 91,000) were estimated in a parallel experiment on 
cylindrical 1% SDS/5.6% polyacrylamide gels as described by Fairbanks er al.'*. A, Cls cleavage site. 


ee = 













Pro-C4 
NH, | 
$M “Plasmin” 
a -— 
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Fig. 2 Model of Pro-C4 with 8 chain (@) as the amino-terminal segment 

linked to æ chain (©) followed by y chain (O) at the carboxy terminus. 

Conversion of pro-C4 to C4 mediated by plasmin or a plasmin-like enzyme 

according to data in Fig. 3 legend. The position and number of disulphide 
bridges are not known. 


Fig. 3 Kinetics of pro-C4 

cleavage by plasmin. 

Confluent cultures of macro- 

phages from starch-induced 

peritoneal exudates in =- p 
Hartley guinea pigs were +g 
established by plating 3 x 107 PRO-C4 =— =- = 
cells in 100-mm plastic Petri ' 

dishes (Falcon Plastics) with a-y} 

10 mi Medium 199 containing 

10% heated fetal bovine - e 
serum (FBS), 50Um!™' ; 
penicillin and S0Oyugml' 

streptomycin (P/S). After 2h B c. .& 
incubation at 37°C in 
humidified 5% C0,/95% air 

atmosphere, the monolayers 

were washed thrice with + 
Hank’s balanced salt solution (% a) — 
(HBSS) then fed with 6 ml of 

supplemented (10% dialysed 

heated FBS, P/S and gluta- 
mine 2mM) Dulbecco's y ° o w yt 30 K 
modified Eagle's medium 

in which ~**S-methionine 

(>500 Cimmo!l™') 85 aCi 

mi~’ was substituted for the 

corresponding unlabelled 5 es — 

amino acid. Culture medium 

was removed after 5 h and the 

cells were washed extensively l 2 3 4 5 6 7 R 9 

with HBSS then lysed in 6 m! 

KC1 100 mM, Tris 50 mM, pH 7.5 buffer with 0.5% Triton X — 100. Following one freeze-thaw cycle, the lysate was centrifuged at 180,000 g for 2 h at 4 °C and the’ 
supernatant stored at —90 °C. The cell lysate (1.7 ml) was mixed with 34 yl plasmin stock solution prepared as described below. An alquot (300 yl) was immediately 
removed, mixed with benzamidine (20 mM final concentration) and stored at 0°C. The remainder was incubated at 37 °C and at timec intervals 300-\l aliquots were 
removed, benzamidine added and the samples stored at 0 °C. Controls consisted of lysate alone stored at 0 °C, and lysate alone incubated at 37 °C for 55 minutes. 
Sodium EDTA (2 mM final concentration) and a pseudoglobulin fraction of guinea pig serum’ were added to each sample, then the mixture was centrifuged 10,000 g 
for 5 min at 4 °C. C4 antigen was precipitated from 250 ul of the supernatant according to the method in ref. 9. The precipitates were washed, dried and dissolved in 
50 ul of a solution containing 10 mM Tris, 1 mM Na,EDTA, 1% SDS, 10% glyerol, 60 ug pyronine-y, 4% 2-mercaptoethanol, boiled for 4 min then applied to a 1% 
SDS/9% polyacrylamide gel and electrophoresed'*, The gel was stained, fixed and dried and an autoradiograph developed after 2 weeks at —70 °C. Lane 1, lysate 
untreated; lanes 2-6, lysate treated with plasmin at 37 °C for 0, 5, 10, 20, 55 min, respectively; lane 7, lysate incubated at 37 °C for 55 min in the absence of plasmin; 
radiolabelled native C4 from medium (see Fig. 1 legend) in lane 8 and MW markers in lane 9. Note the disappearance of pro-C4 folowing plasmin treatment and 
appearance of a, 8 and y chains of native C4. Note also the 130,000- and 50,000-MW fragments. Plasminogen (2 mg mi~') purified on lysine Sepharose'* was 
activated by incubation with urokinase (Abbot) 10% w/v for 30 min at room temperature. Plasmin activity was measured spectrophotometrically by hydrolysis of 
chromogenic substrate S-2251 (Ortho Diagnostics); 5 ul of the stock solution liberated 4.7 mM s~. MWs (K = x 10°) are given on he right-hand side. 
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was seen. These data are consistent with the model of pro-C4 
shown in Fig. 2 with 8 chain, the amino-terminal segment, then 
a chain and y chain at the carboxy-terminus. 
Enzymatic conversion of pro-C4 to native C4 was accom- 
plished in the following experiment. Plasmin (human plas- 
-minogen and plasminogen activator) was mixed with 
radiolabelled cell lysate and incubated at 37 °C. At timed inter- 


vals, aliquots were removed and the reaction stopped with — 


benzamidine (20 mM final concentration). C4 antigen was pre- 
cipitated’, and the precipitates were washed, dissolved and 
subjected to SDS-polyacrylamide gel electrophoresis in reduc- 
ing conditions (Fig. 3). Treatment with plasmin resulted in a loss 
of pro-C4 protein and the appearance of disulphide-linked 
peptides with electrophoretic mobilities identical to the mobili- 
ties of the a, B and y chains of unlabelled carrier C4 protein, 
_ mixed and co-electrophoresed with the samples. In addition, a 
protein of approximately 50,000 MW, interpreted to be a 
fragment of a chain (1/2 a), appeared. This interpretation was 
supported by the observation that the intensity of the a-band 
decreased, whereas 8 and y chains were stable during plasmin 
treatment. An additional protein fragment consistent in size 
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(MW 130,000) with an ay segment was also’ generated. The 
rate of cleavage of pro-C4 by plasmin was a function of enzyme 
concentration and temperature, and was inhibited by benza- 
midine (20 mM). Cleavage of pro-C4 was not observed in cell 
lysates alone, that is, those lacking plasmin, nor in the presence 
of plasminogen activator (human urokinase) alone. Moreover, 
the Cir subcomponent of C1, properdin factor D and urinary 
kallikrein each failed to generate C4 protein from pro-C4. 
Trypsin extensively degraded pro-C4 to a mixture of small 
molecular weight peptides. 

The possibility thata plasmin-like enzyme converts pro-C4 to 
C4 in vivo is of interest in view of evidence that levels of 
plasminogen activator in monocytes’? and macrophages"’ are 
modulated by a variety of stimuli, thus providing a potential 
mechanism for post-translational control of complement 
production. . 
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A specific enzyme is not necessary for 
vanadate-induced oxidation of NADH 
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It has recently been found that ortho- or metavanadate can 
effectively block (Na*+K*)ATPase’“ and that it loses its 
blocking potency when reduced to the vanadyl (VO**) ion’. The 
question arose whether vanadate could be involved (reduced) in 
an NAD-linked enzymatic redox system of the cell. Here we 
have studied the effect of vanadate on malate dehydrogenase 
(MDH, EC1.1.1.37) catalysed oxidation of NADH during the 
formation of malate from oxalacetate in vitro. The MDH 
reaction was accelerated by vanadate, but we found that 
vanadate does not require the presence of any specific enzyme or 
substrate to mediate NADH oxidation. 

Unless otherwise stated, the reaction medium contained 
1x107* mol l? NADH and 8x 107* mol 1° Na; VO, [stock 
solution: 500mg of NaVO,(Merck) dissolved in imi of 
1 mol 1”' NaOH] at the beginning of each experiment. | 

The rate of the MDH reaction (MDH 0.033 U ml’), 
measured continuously on an Eppendorf photometer at A 366 as 
the amount of NADH lost in 0.1 mol I” Tris-HCI buffer (pH 


7.2) at 37 °C, was accelerated in the presence of vanadate. The | 


loss of NADH was, however, observed even without MDH, if 
only -vanadate and NADH (and oxalacetate 0.5 mmol 1") were 
present in the reaction medium. The vanadate-accelerated 
_ MDH reaction (loss of 4.14 pmol of NADH per min) is thus the 
- result of the sum of the MDH reaction (loss of 1.75 pmol of 
NADH per min) plus the vanadate-NADH (loss of 2. 29 pmol of 
NADH per min). Yanadate can thus induce the oxidation of 
NADH (probably by accepting electrons itself), and this process 
does not require any further enzymatic support. According to 





our preliminary observations in the UV spectrophotometer, 
vanadate immediately forms a complex with NADH, within 
which the NADH reduction. subsequently proceeds. This redox 
system might be masked in biochemical experiments in which 
buffers with EDTA (or biological samples containing this 





| 


| 


Fig. 1 Effect of vanadate on NADH oxidation in 0.1 mol 17? 
phosphate buffer (pH 7.3) at 37 °C, Abscissa, concentration of 
vanadate [Na,VO,] in mol t', Ordinate, the rate of NADH- 
vanadate reduction expressed as loss of NADH in pmol min`’ (see 
Erdmann et al. , Fig. 1). Inset, pH- dependence of NADH loss (in 
pmol NADH per min, ordinate) in 0.1 moll” | phosphate buffer at 
37°C. Concentrations of vanadate and | NADH at the beginning of 
experiments were 8x 107 4 and 1x 10* mol I”', respectively. All 
results presented here are the means of 5-10 experiments. The 
s.e.m. values were always smaller than 5% of the mean and are 
therefore not indicated. 


NADH-vanadate reduction (umol NADH min”) 


074 1074 1073 


[Na,VO,] (mol 17!) 
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Table 1 The rate of NADH oxidation in the presence of gx10~ 








mol r an vanadate i in different reaction media 
mol 1! TCC) pH — -ANADH 

Na-phosphate 0.1 17 7.3 2.18 
Na-phosphate.  _ Ol 27 Ta 2.41 
Na-phosphate ~~~ 0.1 37 7.3 3.84 
Na- ee OL 37 7.0 6.15 
Tris-HCl 2 5# 0.1 37 7.2 5:20- 
HEPES-NaOH = 00 37 7.0 -1.70 
Liley’s solution >= > 37 7.3 0.92 
Histidine-NaOH 0.01 37 FA 0.09 

7.0 0. 00 


Imidazole-HCl_ 0.01 37 


The rate of NA DH oxidation is expressed as 3 the loss of NADH in 
pmol min™', ~ANADH, The concentration of NADH at thë Beemning 
of experiments was 10°* mot 1’ 

The comp osition of Liley’s s solution? was (mol 1” h; Na’ 149.8; 
K* 5.0; Ca? 2.0; Mg™ 1: 0; cr 148.0; HCOZ 12.0; HPO; 1.0; 
glucose 11 0. S 








chelating apound ic used: in the presence of 1x10? mol 
I? EDTA no oxidation. of NADH was observed, probably 
because inactive con plexes are formed with vanadate’. _ 

A recent report’ “desc tibed the vanadate-NADH reductase 
activity of cardiac. cell membranes. Because these authors 
claimed that there was no vanadate-induced NADH oxidation 
unless membrane proteins were present, we looked for the 
probable sources of this discrepancy. The only difference 
between our experiments and those of Erdmann et al.’ was the 
buffer used in the reaction medium. When we started the 
vanadate-NADH_ reaction in a 0.01 mol I”’ imidazole-HCl 
buffer’, we also found no oxidation of NADH. Contrary to the 
findings of Erdmann et al.’, we observed no vanadate-depen- 
dent oxidation of NADH in the presence of membrane fractions 
isolated from rat and golden hamster heart? and other tissues 
(skeletal muscle, brain and liver). Subsequently, we checked 
several other buffers used for biochemical experiments (Table 1) 
and Liley’s extracellular medium’. With the exception of the 
imidazole and _histi fer, the vanadate-NADH reaction 
proceeded in all med ig 











The vanadate-NADH reaction in Tris-HCl medium was. 


slowed to 50% by either 2.5 mmol I~’ Ca** or 20 mmol 1” Mg”*. 


The presence of Ca** and Mg” might therefore explain the 


rather slow rate of. NADH oxidation in Liley’s medium. The 


reaction is dependent on the concentration, pH (Fig. 1) and. . 


temperature (Table 1). 
Similar results were obtained in tke NADPH-vanadate 
reaction medium. Thus, 2.95 umol NADPH was oxidized 


within 1 min in the presence of 8 x 107* mol I”! vanadate and | 


7x 107° mol NADPH at 37 °C in the Tris-HCI buffer. 
Further examples can be presénted concerning the more 
generalized role of vanadate in living redox systems. Vanadate- 
NADPH reduction was accelerated by 80% after the addition of 
1 pmol I! b- hydroxy-ß-methyl-glutaryl-CoA (HMGCoA). 


However, it is not clear whether the reduction of HMGCoA to 


mevalonate is triggered in this particular case by vanadate in the 
absence of hydroxylmethylglutaryl CoA reductase or. whether 
HMGCoA only accelerates the transfer of electrons from 
NADH to vanadate within the complex. Whatever the explana- 
tion, this effect of vanadate might be of particular interest 
because the HMGCOA reductase is generally considered to be 
the rate determining enzyme for the conversion of acetate to 
cholesterol’, 
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Microtubules (MTs) are intrinsically. . 


models for the mechanism of MT-me : port and 
mitosis postulate an important role for M because 
a symmetric fibre could not generate fo e divection along 


its surface. The lack of a convenient me 
polar orientation of cellular MTs has ! 
testing of these ideas. We report here a 
visualizing MT polarity based on condit 
in vitro whereby MT elongation. occ 
formation of hooked, protofilament appe 
(see Fig. 1). There is polarity informa 
between MT walls’; our method rev: 
cellular MT by the handedness of the heo 
in cross-section (Fig. 1). ns 
Microtubule protein (MTP) was prepared fron 
by the method of Shelanski et al'®. After three cycles of 
polymerization, the protein was resuspended in 0. 5M PIPES 
pH 6.9, 2.5% dimethyl sulphoxide, 1 mM EDT, ) 
and 1 mM GTP (hereafter called polymeriza ti 
0°C and spun at 250,000g for 3 h. The polym 
in PB is similar i in its irene and on ay req 


d to determine the 




















the] polarity of the 
appendage as seen 






buffer (PB)) at 
zation of MTP 
ment and in its 
which occurs in other 
polymerization buffers” MTP sia assem ble to the same extent 
in PB in the presence of a strong detergent mixture, 1% Triton 
X-165, 0.5% deoxycholate, 0.2% SDS. M P o in PB 
also shows the biased polar growth charset 
assembly conditions™™'®, One end of- 
ciliary axonemes elon gated about twice 
protein concentrations tested. Elon 
axoneme was about three times.as fas 
able end i in a 0. 1 M PIPES buffer. . | 




























polymer usually has an eviden 
protofilaments join the MT ¥ 






handedness of hook predor nates 
from basal bodies. The MTs of the b 






from the celf. When lysed and deciliated Tetrahymena were 
used to nucleate the assembly of MT? in PB, polymerization 
occurred largely as elongation from the basal bodies (Fig. 2a). 
Pellicles in MTP fixed before polymerization was initiated 
showed no MT growth (Fig. 2b). After polymerization, the 
organized geometry of basal bodies.in the pellicle allowed us to 
observe the elongated polymers in known orientations with 
respect to the basal bodies that initiated them (Fig. 2c). We 
found that about 95% of the newly grown M' T's had the hook- 
shaped appendages. Figure 2d is a composite of several such. 
images as seen looking toward the basal body from outside the 
pellicle. Figure 2e shows MTs growing inward as seen from the 
basal body. We confirmed both in longitudinal sections and by 
negative staining that the hooks are protofilament sheets which 
make a junction with the MT wall. The cross-section images 
demonstrate that when the elongated MT is viewed from its fast 
growing end or ‘+end’ towards its slow growing end or 
‘—end’(ref. 8) the hooks are commonly right handed. On poly- 
mers growing outward from the basal body (hose initiated at a 
fast end) we counted 562 MTs with right-handed hooks and 62 
with left-handed hooks when viewed ‘rom +end to —end. On 
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Fig. 1 Different associations of MTP. The tubulin dimer is 
pictured as having six dissimilar surfaces. +and —correspond to the 
distal and proximal ends, respectively, of a flagellar MT?” I and O 
are the surfaces which would be on the inside and outside of a 
normal MT, L and R are the two surfaces which associate laterally 
in the wall of a normal MT. The numbers 1 and 2 denote the 
different subunits of the tubulin dimer. The intradimer bonds are 
suggested by dashed line, interdimer bonds by solid ones. a, The 
head-to-tail association of dimers to form protofilaments. b, 
Protofilaments have associated laterally to form MT wall (L-R 
interactions) or in two alternative geometries to form junctions 
between MT walls, which also occur naturally’*'**. Wall junctions 
and concomitant hooks of two possible hands are made by asso- 
ciating either the R or L surface of a protofilament with the O 
surface. A tacit assumption is made that the protofilament polarity 
of the hook wall is the same as that of the tubule itself. c, In our 
conditions neurotubulin adds in vitro to a cellular MT to form 
predominantly right-handed hooked MTs. The polarity orien- 
tation of a MT end can be determined from the observed hook- 
handedness of newly grown MTs. 
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Fig.2 Tetrahymena pellicles were used to nucleate growth of 1 mg ml ' microtubule protein in PB at 37 °C for 6 min, then fixed by addition of 
an equal volume of 2% glutaraldehyde in 0.1 M PIPES. Fixed pellicles were allowed to settle onto polylysine-coated slides and were then treated 
with 0.2% tannic acid, rinsed in phosphate-buffered saline, post-fixed in 4% OsO, for 2 min, dehydrated in 2-methoxyethanol and flat embedded 
in Epon. Individual pellicles were excised, serially sectioned and stained with uranyl acetate and lead citrate. Microscopy was performed ona 
Phillips 300 equipped with a goniometer stage to facilitate orientation of the tubules. a Is a Nomarski image of MT polymerization from such a 
pellicle after 6 min at 37°C, x600. b Was fixed at 0°C (no growth), x55,000. c Is 6 min of growth. The orientation of the growing MTs may be 
deduced from pellicle geometry, 55,000. d Isa composite of MT images seen looking from the outside of the pellicle towards the basal body. 
e Shows MTs growing inward from the basal body; d and e, «92,000. 
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Fig. 3 Microtubule polarity in the mitotic aster of the HeLa cell. a, Nomarski image of a metaphase-arrested HeLa cell lysed in 
detergent-containing PB with 2 mg ml‘ MTP, x750. b, An electron micrograph from a section approximately at the centre of an aster. Note that 
MTs are generally of normal morphology. c, The periphery of an aster in a section ‘before’ the aster centre. Nete that most MTs have 
right-handed hook appendages. d, The periphery of an aster in a section ‘beyond’ the aster centre. The hooks are now left handed: however. the 
apparent observation point for these hooks is now proximal to the centre, in contrast to the distal vantage point of £; b, c and d, x40,000. 


MTs growing inward from the basal bodies, viewed from the 
same direction, we found 135 MTs with right-handed hooks and 
25 MTs with left-handed hooks. Eight MTs displayed hooks of 
both handedness. 

We next studied the polarity of mitotic MTs by using a 
remnant of the mitotic apparatus from HeLa cells. Hela cells 
stably blocked in metaphase with 0.04 ug ml ~' of the micro- 
tubule poison nocodazole’’ contained large numbers of MTs 
with typical mitotic organization®®. Lysis of nocodazole- 
poisoned cells in PB containing the detergent mixture described 
above preserved metaphase aster structures approximately 
5 um in diameter surrounded by a thin, fibrous cell remnant. 
These asters consisted of normal MTs, presumably those which 
existed in the drug-poisoned cell. Inclusion of 2 mg ml-' MTP in 
the PB lysis buffer produced asters up to 20 um in diameter (Fig. 
3a). In these large asters, 85% of the MTs were normal within a 
5 um radius of the aster centre (Fig. 34). In the area beyond a 
5 um radius, 80% of the MTs displayed the hooked appendages 
(Fig. 3c,d). Our interpretation is that exogenous brain tubulin 
added to the distal ends of pre-existing HeLa MTs to form 
hooked MTs. Serial sections from four such asters reveal pre- 
dominately right-handed hooks when viewed looking toward 
the aster centre: 1752 MTs showed only right-handed hooks, 
121 MTs bore only left-handed hooks and 66 MTs displayed 
hooks of both handedness. 

Close to 90% of all hooks on neurotubules elongated from 
both basal body and astral MTs displayed a consistent handed- 
ness relative to the MT on which they formed. As the same 
predominant handedness of hook was seen on MTs growing in 
both directions from the basal body, we conclude that our 
method reveals the molecular polarity of a MT, not its direction 
of growth. For the same reason, we infer that the MTs which 
grew from the basal body have the same polarity as the A 
subfibre in the basal body itself. Hook handedness on the 
elongated MT therefore reflects the polarity of the MT which 
nucleated elongation. The preponderance of right-handed 
hooks on MTs extending from both asters and basal bodies 
indicates that the astral MTs have the same polarity relative to 
the mitotic centre as do the outer nine flagellar MTs relative to 


the basal body. That is, the fast or +end of the HeLa MT is distal 
to the mitotic centre. This is the same polarity as that of 
neurotubules initiated from the mitotic centres of lysed CHO 
cells’’**. This agreement supports our assertion that hook 
handedness is a valid marker of MT polarity. The observed bias 
toward right-handed hooks on MTs grown from both basal 
bodies and asters was strong (about 9:1) but not complete. 
Further, MTs with hooks of both hands were occasionally 
observed, so we conclude that left-handed wall junctions are not 
excluded. Our method reveals and uses a biased formation of 
right-handed wall junctions to visualize the molecular polarity 
of the MT. 
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Wild barley (Hordeum spontaneum ) and the wild diploid wheat 
Triticum boeoticum were possibly the first plants cultivated by 
early man’, giving rise to the domesticated forms Hordeum 
vulgare L. and Triticum monococcum L. In addition, T. boeoti- 
cum may have contributed the A genome to polyploid wheats, 
including common bread wheat (Triticum aestivum)’ which is a 
hexaploid with genome composition ABD. Hordeum seems to 
be the older genus, having diverged from some common ances- 
tor before the divergence of Triticum and other genera of the 
subtribe Triticinae’. Prolamins constitute the major storage 
protein fraction of both barley and wheat; they are located in the 
endosperm of the caryopsis and are soluble in alcohol—water 
solutions*. Barley and wheat prolamins (hordeins and gliadins, 
respectively) contain large amounts of glutamine and proline, 
which together make up 50-75 mol per cent of total amino 
acids**, The hordeins and gliadins are complex mixtures of 
components” that seem to be encoded by clusters of duplicated 
genes that have diverged to produce many distinguishable pro- 
tein components. Despite the complexity of the gliadin mixture, 
the components retain considerable homology in their N- 
terminal region’’’ and this has been reported for zeins, the 
prolamins of maize (Zea mays)", as well. Here, we report that a 
purified C-hordein component from barley is homologous in 
amino acid sequence with a purified w-gliadin component from 
T. monococcum at 23 of 27 residues at the N-terminus. This 
result is in accord with the close relationship between the two 
species and indicates that, despite the propensity of prolamin 
genes to tolerate mutations, a significant portion of their 
sequences can be conserved over a period of time, which, 
although not accurately known, probably amounts to millions of 
years. 

Prolamins were extracted from barley (H. vulgare Julia) and 
T. monococcum (from the University of Manitoba) as described 
previously '’"'*. The C-hordein component was obtained by ion 
exchange chromatography of the hordein mixture on CM- 
cellulose followed by gel filtration on Sephacryl S—300 (ref. 12). 
The w-gliadin component from T. monococcum was obtained by 
ion exchange chromatography of the gliadin mixture on CM- 
cellulose according to the procedure of Booth and Ewart'* 
except that the gradient ranged linearly from 5 to 43 mM in 
sodium acetate; this component was not purified further. Elec- 
trophoretic patterns of the purified components in aluminium 
lactate buffer, pH 3.2, where separation is based on net charge, 
are compared with those of the prolamin mixtures in Fig. 1. We 
estimated molecular weights of 57,000 for the C-hordein and 
44,000 for the w-gliadin by SDS polyacrylamide gel electro- 
phoresis’. 

Amino acid analyses were carried out on a Durrum analyser, 
model D-500. Hydrolyses were for 24 h, tryptophan was not 





* Permanent address: Biochemistry Department, Rothamsted Experimental Station, 
Harpenden, Herts ALS 2JQ, UK 

+ Permanent address: Institut National de la Recherche Agronomique, Laboratoire de 
Technologie des Cereales, 9 Place Viala, 34060 Montpellier, France 


determined, and no corrections for destruction of labile amino 
acids were applied. Averaged results from duplicate analyses are 
given in Table 1. Both components were notable for their high 
glutamine and proline content (although glutamic acid only is 
shown in Table 1, this amino acid is present in C-hordein’’ and 
probably in the w-gliadin'* almost entirely in its amidated 
form'*"*). The C-hordein had more proline and less glutamine 
than the w-gliadin, but the sum of these two amino acids was 
close to 70 mol per cent for both components. Both components 
had about 9 mol per cent phenylalanine, only trace amounts of 
cystine/2, and lysine was absent from the C-hordein and present 
in the w-gliadin in an amount corresponding to only about 0.5 
residue On a molar basis. Low percentages of basic amino acids, 
combined with equivalent low percentages of free carboxyl side 
chains'*’'*, indicate that these proteins will have few charged 
side chains at any pH. 

Automatic amino acid sequencing’ was carried out with a 
Beckman sequencer, model 890B, and DMAA peptide pro- 
gram 111374 (w-gliadin) or 0.1 M Quadrol programs 011576 
and 121178 (C-hordein). Duplicate analyses were carried out 
for each protein. In the first analysis of the w-gliadin, 
identification of the phenylthiohydantoin (PTH) amino acids 
resulting from the Edman degradation’* was by gas chromato- 
graphy” only; this method was supplemented in the second 
analysis by TLC on polyamide sheets’’ and silica gel plates‘? and 
by hydrolysis to the free amino acid followed by analysis on the 
Durrum analyser. PTH amino acids from sequencing of the 
C-hordein were identified by HPLC’, which clearly resolved 
and quantified all the PTH amino acids found in the first 28 
cycles. The N-terminal sequences obtained are compared in Fig. 
2. Initial yields in sequencing ranged from 50 to 76% of molar 





Fig. 1 Polyacrylamide gel electrophoresis” of purified protein 
components and the whole prolamin mixtures from which they 
were prepared, aluminium lactate buffer, pH 3.2, 3M urea, 
migration from left (+) to right (—): a, prolamin mixture from T. 
monococcum; b, purified w-gliadin from T. monococcum, c, 
purified C-hordein; d, prolamin mixture from barley (var. Julia); e, 
same as c; f, same as a; g, same as b; h, same as c; i, prolamin 
mixture from barley (Julia), but treated with 2% 2-mercap- 
toethanol to dissociate B-hordeins. The a-, B-, y- and w-regions 
(top) correspond to the usual assignments of electrophoretic 
mobilities for gliadin patterns of common wheats and the B- and 
C-regions (bottom) correspond to the hordein patterns. 
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Fig. 2 N-terminal amino acid sequences of the w- gliadin component from T. monoceccum (œ) and the C-hordein comaponent from barley (C). 
Sequences are ordered from the first arginine residue to emphasize homology. Glycine was a minor residue at cycle 1 in the sequence of the 
w-gliadin. Positions where the w-gliadin and C-hordein sequences differ are marked. 


amounts applied. The highest yield of 76% for one of the 
C-hordein analyses indicates there was no significant N-terminal 
blocking. 

No important minor residues were noted in sequencing the 
C-hordein, but three amino acids were identified in the first cycle 
of the w-gliadin sequence and two amino acids at each 
subsequent cycle. Alanine was the major residue at cycle 1 inthe 
w-gliadin, but glycine and arginine were clearly identified; in 
subsequent cycles it became clear that the second sequence 
appearing at about half the level of the major sequence was the 
same as that of the major sequence displaced by one cycle. It 
evidently resulted from a protein component without the 
terminal alanine (or glycine) residue. Electrophoresis of the 
purified w-gliadin did not show any minor components in 
sufficient amount to account for the second sequence; however, 
it is unlikely that a component differing by only one neutral 
amino acid would be resolved. The extra residue could mean 
that at least two genes code for the proteins in our preparation, 
but post-translational modifications might modify a single 
component in such a way as to produce the 2:1 ratio of 
components we observed. 

Comparison of the amino acid sequences of our two 
components (Fig. 2) shows that they differ only at four positions 
if we do not consider the N-terminal alanine residue that is 
present in part of the w~gliadin preparation. This demonstrates 
a close relationship between H. vulgare and T. monococcum. No 
fossil evidence provides a measure of the time since divergence 
of Hordeum and Triticum. If we assume for purposes of specu- 
lation, however, that the rate of evolution of the N-terminal 
regions of our proteins is equivalent to that of one of the fastest 
evolving peptide systems characterized so far, the fibrinopep- 
tides (9.0 amino acid substitutions per site per 10° yr)”, then the 
time since divergence of our two species would be 16 Myr. 





Table 1 Amino acid compositions (mol%) of the w-gliadin protein 
from T. monococcum and the C-hordein protein from barley (var. Julia) 








w~-Gliadin C-hordein 
Asp 1.18 0.83 
Thr a 4 1.08 0.99 
Ser AL # 4.89 2.61 
Glu a*%. 452 41.1 
Pro w 2 =, 26.2 31.9 
Gly BG Fo “ogo 0.41 
Ala SUS? 1s 0.69 
Val ae 080 1.11 
Met £F Lf on 0.22 
Ile (fs 22 3.02 
Leu ~2* 4.70 4.31 
Tyr -A z 1.17 2.29 
Phe fk 8.09 9.03 
His | 0.56 0.60 
Lys 0.13 0.0 
Arg 1.04 0.84 
Cys/2 Trace Trace 





The similar sequences we obtained fo~ our C-hordein and our 
w-gliadin from T. monococcum show little homology with any 
other N-terminal sequences reported for a-, 8- or y- ghadins of 
common wheat™'®?'?| rye prolamins'’ or maize prolamins’'. 
Our sequence is the first reported, however, for any w~gliadin 
component. Autran et al." did not nete evidence of our w- 
gliadin sequence in sequencing of the whole prolamin mixture 
from the same accession of 7. monococcum, but this is not 
surprising as w-gliadins probably constitute less than 10% of the 
total mixture. Our C-hordein sequence is closely similar to 
sequences recently obtained for the total hordein mixture”, the 
C-hordein mixture** and a partially purified C-hordein 
component’. 

In common bread wheat, which is hexaploid (genomes A, B 
and D), gliadin proteins are encodec by genes located on 
homoeologous (partially homologous, but non-pairing in the 
polyploid) chromosomes 1 and 6 cf each genome”, 
Shepherd”? has suggested that all gliadin genes were located 
originally on one chromosome and that translocation of part of 
this chromosome to another gave rise to the common ancestor 
that, in turn, differentiated into the progenitors of the common 
wheat genomes A, B and D. This common ancestor must have 
already differentiated from the line that gave rise to Hordeum as 
all the prolamin genes of barley are located on chromosome 5 
with the B-hordeins and C-hordeins being coded by two 
separate, but linked, loci. Our resu'ts suggest that the C- 
hordein locus of barley and the w-gliadin loci located on homo- 
eologous chromosomes of group 1 m common wheat are 
homologous. It is also possible that he B-hordein locus is 
homologous with the gliadin loci coding tor a-~, B- and y- gliadins 
that are located on homoeologous chramosomes of group 6 in 
common wheat but this is more difficult to establish as B-hordein 
is blocked at the N-terminus”, 

We thank A. Noma for amino acid analyses, B. J. Miflin for 
barley samples, and B. L. Jones for the sample of T. monococ- 
cum. P. R. Shewry and J.-C. Autran ere visiting scientists in 
receipt of NATO postdoctoral research fellowships. Reference 
to a company or product name by the Department is only for 
information and does not imply approval or recommendation to 
the exclusion of others that may also be suitable. 
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Ferredoxins are iron—sulphur proteins with either one or two 
[4Fe-4S] clusters or one [2Fe-2S] cluster and they function as 
electron carriers in diverse metabolic systems. Extensive 
comparative studies on the primary structures of ferredoxins 
with low oxidation-reduction potentials from a wide variety of 
organisms have provided information on the structure-function 
and evolutionary relationships of these proteins’. In addition, 
the three-dimensional structure of Peptococcus aerogenes 
2[4Fe-4S] ferredoxin has been elucidated’. However, nothing is 
known about the three-dimensional structure of [2Fe-2S] fer- 
redoxins such as those of chloroplasts. Here we report the 
three-dimensional structure of a [2Fe-2S] ferredoxin of Spiru- 
lina platensis, a blue-green alga, determined by X-ray crystal- 
lography at 2.5 A resolution, and discuss the characteristic 
features of the molecule in relation to the molecular evolution of 
ferredoxins of this class. 

We will give only a brief description of our study, because full 
details of the analytical procedures and crystal structure of 
ferredoxin will be reported elsewhere. The crystals were 
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orthorhombic with a space group C222, of a = 62.32, b = 28.51, 
c=108.08A and Z=8. Intensity data, including both 
reflections of each Friedel pair, were collected for native and 
uranium derivative crystals on a Rigaku  four-circle 
diffractometer with Ni-filtered CuKa radiation by an w scan 
procedure. After correction for absorption® and radiation 
damage, the intensities of equivalent reflections were averaged. 
The heavy-atom parameters’ were refined by the Fang method® 
with empirically determined values of the real/imaginary scat- 
tering ratio to give an R value (R= Fure—fa/ } Fine!) of 
0.398 for 1,956 reflections (55% of total reflections). The best 
phase angle was calculated by the single isomorphous replace- 
ment method’ coupled with the anomalous dispersion method’, 
where the anomalous dispersion effect of the two iron atoms was 
taken into account. The mean figure of merit at 2.5 A resolution 
was 0.58 for 2,182 reflections (61% of total reflections). A 
Kendrew-type skeletal model was built up using a Richards box” 
on the basis of the best electron density map. The molecular 
structure is shown in Fig. 1. 

The sulphur atoms of Cys 41 and Cys 46 coordinate to one 
iron atom, and those of Cys 49 and Cys 79 to the other tron 
atom”. The coordination geometry around each iron atom is 
tetrahedral, judging from the electron density distribution 
around the atoms. The cluster is located near the molecular 
surface and is mainly surrounded by hydrophobic residues, 
leaving only one side, the sulphur atoms of Cys 41 and Cys 46, 
exposed to the solvent. In P. aerogenes ferredoxin and Chroma - 
tium HiPIP, electron transfer was suggested to be achieved 
through aromatic side chains in close contact with the [4Fe-4S] 
cluster’'’. However, in S. platensis ferredoxin there are no 
invariant aromatic side chains in close contact with the [2Fe-25S] 
cluster. An alternative possibility is that electron transfer may 
occur via the orbitals of cysteiny! sulphur atoms, as these 
residues are directly bonded to the cluster and two of them are 
located outside the molecule, as described above. Comparison 
of the amino acid sequences of various chloroplast-type fer- 
redoxins’® shows that several ferredoxins, particularly those of 
higher plants, have deletions at positions 10 and 14 and, in this 
case, proline at position 11. The segment of residues 9-14 in S. 
platensis ferredoxin without the two deletions corresponds to 
the loop at the end of the antiparallel B-sheet. The overall 
structure of this region is probably very similar in the two types 
of ferredoxin, because the segment in ferredoxin without the 
two residues may take a 3,, turn by forming a hydrogen bond 
between the CO of residue 9 and NH of residue 13. In other 
words, the change in chain length of this region merely shifts the 
nature of turn without causing any major structural variation, 

Figure 2 shows variations in the 26-amino acid sequence of 
chloroplast-type ferredoxins*. The substitution frequencies of 
amino acids among 26 chloroplast-type ferredoxins are plotted 
against the distances between each a-carbon atom and the 
cluster, and Fig. 3 demonstrates that the carbon atoms distant 
from the cluster have higher substitution frequencies. 


Fig. 1 The polypeptide chain of S. platensis fer- 
redoxin shown by stereo pair drawing. The cluster ts 
located at the top of the molecule. Residues 3-9 and 
14-20 form an antiparallel B-sheet, and residues 5-8 
and 87-89 form a parallel B-sheet. A short helical 
segment occurs at residues 25-31. There is a rela- 
tively large cavity in the interior of the molecule 
surrounded by the -sheets and helix. The heavy- 
atom binding site is at Asp 36. 
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There are 22 invariant and 14 variant positions, defining a 
variant position as a site occupied by more than 6 different 
amino acid residues in various ferredoxins. Structurally and 
functionally essential portions of the molecule must be occupied 
by invariant residues. For example, the four cysteine residues, 
Cys 41, Cys 46, Cys 49 and Cys 79, binding the two iron atoms 
are invariant and are most important in electron transfer 
function. The sites of the other invariant residues in the three- 
dimensional structure of S. platensis ferredoxin are shown in 
Fig. 4. As can be seen, most of the invariant residues are around 
the [2Fe-2S] cluster. The segments from Pro 38 to Cys 49 and 
from Thr 78 to Ala81 must be important in stabilizing the 
cluster cavity. Note also that the segment from residues 65 to 69 
consists almost entirely of invariant and semi-invariant residues 
(that is, chemically similar amino acid residues) located near the 
cluster. These observations suggest that invariant and semi- 
invariant residues surround the cluster cavity, making an evolu- 
tienarily conserved environment for the cluster in all the widely 
divergent ferredoxins isolated from various organisms, includ- 
ing blue-green algae and higher plants, which diverged more 
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Fig.2 The amino acid sequence of S. platensis ferredoxin™ ' and 

the distribution of various amino acid residues present in chloro- 

plast-type ferredoxins. The sequence of S. platensis ferredoxin (top 

row) is shown by the one-letter code. The different amino acid 

residues found in the sequences of 25 other chioroplast-type 

ferredoxins are shown below the sequence. —, Represents a 
deletion. 
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Fig. 3 The relationship between the number of amino acids 
substituted in 26 chloroplast-type ferredoxins and the distances 
between each a-carbon atom and cluster. 
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Fig. 4 The distribution of invariant and variant positions in 

ferredoxin sequences in the three-dimensional structure of S. 

platensis ferredoxin. @ And @ represent invariant and variant 
positions, respectively. The [2Fe-2$) cluster is not shown. 


than 15 billion years ago. Some of the invariant glycine residues 
are located at the corners of the main chain: Gly 13, Gly 56 and 
Gly 74 must be necessary for chain fclding. 

There is no remarkable feature cbout the distribution of 
variant positions in the primary structure, except that they are 
not near the functionally important cysteine residues. However, 
as shown in Fig. 4, it is obvious that they occur in the lower part 
and on the surface of the three-dimensonal structure, producing 
a remarkable compartmentation between variant and invariant 
positions in the molecule. We have given a brief account of the 
relationship between the three-dimersional structure and vari- 
ation in the amino acid residues in te-ms of evolution based on 
preliminary results on the structure’. 
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Amber suppressible genes have been introduced into vectors’ 
and proposed for use in recombinant DNA studies. Such genes 
can be expressed only in a host bacterium with amber suppres- 
sors. To assess the biological containment of this kind of muta- 
tion we have now examined the frequency of bacteria with 
amber suppressors in faecal samples from humans and animals 
in different environments. This approach allowed us to evaluate 
the number of individuals in an environment bearing bacteria 
with amber suppressor mutations and the frequency of these 
bacteria within the faecal samples of each individual. Of all 
individuals sampled 30.5% contained detectable levels of 
bacteria with amber suppressor activity. In >75% of these 
samples, the level of suppressor-containing bacteria was < 10%, 
about half of which were <1%. Most of these were Escherichia 
coli: however, Citrobacter and Klebsiella were also found. In 
three samples, essentially all coliforms had suppressor activity. 
Excluding these three samples, the estimated frequency of 
amber suppressors among faecal coliforms was 1.5%; however, 
if the data from these individuals were included, the overall 
frequency among faecal samples could be as high as 10%. By 
itself, the finding suggests that amber suppressor mutations in 
recombinant DNA vectors may not offer as great a safety feature 
as originally considered. These data, however, must be consi- 
dered together with the known low sensitivity of wild-type E. 
coli to laboratory phages’ and their low recipient ability for 
some plasmids. 

To perform these studies we required a genetic vector which 
could be introduced into wild-type host cells. Different phages 
proved unsuccessful. Because incP1 plasmids have a wide host 
range, we chose this as a vector for our study. We were greatly 
aided by the availability of plasmid pLM2 (ref. 5) (developed by 
Leonard Mindich) which contains amber suppressible muta- 
tions” in tetracycline and ampicillin resistance determinants 
while encoding a wild-type kanamycin resistance gene. 

Samples of intestinal coliforms were obtained from five 
populations: hospital patients, laboratory workers, urban 
residents, rural residents and farm animals. A fresh faecal swab 
(Culturette; Scientific) was obtained from each donor, inocu- 
lated on to a MacConkey agar plate (Mac) and diluted by 
two-dimensional spreading on to four quadrants of the plates. 
These ‘master’ plates were then incubated at 37°C overnight 
and refrigerated at 4 °C or tested immediately. 

For mating studies with these coliforms, two E. coli strains 
were used as donors of plasmid pLM2: Ca274° bearing pLM2 
(from L. Mindich)’ and D15-12, a bile-salt sensitive, ‘rough’ E. 
coli produced in our laboratory by mating pLM2 into our host E. 
coli DO-19. The use of minimal agar eliminated the auxotrophic 
Ca274 from matings, while D15-12 was removed due to its 
death on the bile-salt-containing Mac agar. 

The scheme for identification of endogenous suppressor- 
containing bacterià was as follows: a lawn of the donor 
organisms (Ca274 or D15-12) was inoculated on to a non- 
selective nutrient plate. The master plate, containing colonies of 
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coliforms from each faecal sample, was replica-plated’ on to the 
lawn of donor bacteria. After overnight incubation, the ‘mating’ 
plate was replica-plated on to media (minimal media for mating 
with Ca274; Mac agar for mating with D15—12) which would not 
allow the donor organism to grow and which con- 
tained either kanamycin (Kan) (40 ugm) or ampicillin 
(Amp) (50 pg ml`')+ tetracycline (Tet) (10 pg ml~')+Kan 
(40 pg ml”). 

The Kan replica plate assessed the efficiency of transfer of 
pLM2 to the wild-type coliforms; the Amp~Tet—Kan replica 
plate identified which of the recipient bacteria carried a 
suppressor mutation. Initially the master plate was replica- 
plated on to Mac+Kan (40 ygmi™') and on to Mac+Tet 
(10 pg ml”') + Amp (30 pg ml”') + Kan (40 ug ml”’) to identify 
endogenous coliforms with resistance to Kan and/or resistance 
to Tet+ Amp + Kan. Faecal samples bearing large numbers of 
bacteria resistant to Kan or a combination of Tet~-Amp—Kan 
were excluded from analysis. pLM2 mating using either Ca274 
or D15-12 showed 100% transfer efficiency of plasmid when 
known, good recipients were used in this replica-plating 
method. The observed frequency of transfer of pLM2 from both 
hosts was similar. Thus, the presence of any naturally occurring 
auxotrophic coliforms, which could have been missed in the 
Ca274 matings, was presumably small. The frequency of auxo- 
trophic wild-type E. coli has been recently reported at about 9% 
(ref. 4). | 

Bacterial colonies, positive (Su~) and negative (Su`) for 
suppressor activity, were picked from the master plate, purified 
and retested by the plate method with the same or an alternative 
donor organism to confirm the presence or absence of amber 
suppression. Furthermore, some of the identified suppressor 
strains containing pL.M2 were isolated and used to mate pLM2 
into DO-11, an Su’, Nal” strain (this laboratory} or into a Su’, 
streptomycin-resistant B40 (supD) strain. In all tests the 
intactness of the amber mutations on the plasmid was confirmed, 
with the exception of those few in which the presence of lytic 
phage prevented conjugation. 

Faecal samples from 190 individuals from the five populations 
were tested. Of these, 30.5% had Su” bacteria present, all 
among the lactose fermenters. Biotyping (Analytab, API 20E) 
of 36 Su” isolates identified 33 as E. coli, 2 as Citrobacter freundti 
and 1 as Klebsiella pneumoniae. Most (>75%) of the faecal 
samples containing Su” bacteria showed them at a frequency of 
< 10%; in about 30% of samples, Su” bacteria occurred even 
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Fig.1 Frequency of suppressor coliforms in faecal samples of four 
different human populations. The percentage of all samples 
containing any suppressor bacteria is represented by the whole bar. 
Frequencies (f) of suppressor occurrence within individual samples 
are shown by bar subdivisions as follows: open, 0<f< 10%; 
hatched, 10 < f < 50%; closed, f 2 50%. The number of individu- 
als sampled from each population was: hospital, 56; laboratory, 35; 
urban, 58; rural, 27. 
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more rarely (<1.0%). Six samples showed a high level (> 50%) 
of bacteria with suppressor activity (Fig. 1). Of note, we found 
three samples (from a laboratory worker and two urban 
dwellers) in which ~100% of the bacteria bore amber suppres- 
sors. Over 95% of the bacteria on these plates were recipients of 
the plasmid and Su”. 

The frequency of Su” bacteria in faecal samples from males 
and females showed equal distribution both overall and within 
environments. Su” bacteria occurrence, however, was twice as 
common in the human rural population as in humans tested in 
the other three environments. Fourteen non-human faecal 
samples were also teated (six fowl, five cows, one fly, one goat, 
one kitten). Of these, four (28.6%) showed the presence of Su* 
bacteria (at levels of <10%). This is in keeping with the 
frequency found in samples from the total human population. 

The frequency of Su* bacteria among the entire pool of faecal 
coliforms tested was estimated by dividing the approximately 
3.5-5 x 10° Su* bacteria identified by the estimated 3.5-5 x 10* 
transconjugants on the 190 plates examined. This calculation 
gave an estimated frequency of Su” E. coli of ~10%. This figure, 
however, is elevated considerably by the three individuals whose 
samples were essentially all Su”. By excluding these individuals, 
the estimated frequency drops to roughly 1.5%. 

The colonies that were not recipients of plasmid pLM2 
obviously could not be evaluated for suppressor activity; 
however, there is no evidence to indicate that Su” bacteria have 
a different recipient ability from Su” bacteria. Furthermore, the 
ability of the faecal bacterial colonies to mate with the test 
organism, in the conditions described, was generally high. In 
40% of the samples, 90% or more of the colonies accepted 
pLM2, allowing a relatively complete examination of the avail- 
able flora. In only 15% of the faecal samples were less than 20% 
of the total colonies able to receive the plasmid; in all cases, at 
least 10 colonies per sample were evaluable. 

Our data show that lactose-fermenting bacteria with amber 
suppressor activity are not uncommon in nature, and seem to be 
more frequent than has been previously recorded. All were 
lactose fermenters, E. coli being predominant. Using the same 
plasmid, Robeson et al.* found a level of about 0.4% suppres- 
sor-containing bacteria in 443 independently isolated wild-type 
E. coli from faecal and non-faecal sources. Our study, which 
examined whole faecal flora of different individuals, gave an 
estimated frequency of 1.5% in the majority of faecal samples. 
This value does not differ greatly from previous estimates‘; 
however, the finding of 3 in 190 individuals with large amounts 
of Su” bacteria suggests that a much larger pool of these bacteria 
may exist in nature. 

Given this frequency of Su” bacteria, the amber suppressor 
mutations in themselves, while providing some biological 
containment, may not be as effective as previously believed. The 
real effectiveness, however, must be considered in relationship 
to the actual ability of the mutant vector to propagate in 
wild-type coliforms. We and others have noted that some plas- 
mids are poorly maintained in wild-type coliforms. In the case of 
A vectors, the probability of vector rescue is greatly diminished 
because of the very low susceptibility of wild-type E. coli to this 
phage’. As an indication, we tested 27 isolates of our suppres- 
s0r-containing coliforms with A vir. None could be productively 
infected. Thus the degree of biological containment achieved by 
the introduction of suppressor mutations is greatly dependent 
on the choice of phage or plasmid vector used. 

This study was supported by NIH contract no. NO1AI72529. 
We thank Toni Keller and Stanley Miller for help with the 
analyses. 
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The biochemical and morphological differentiation of actino- 


powerin] new dimension to the analysis of these various aspects 
of actinomycete biology and would also facilitate the develop- 
ment of industrial strains with tucreased antibiotic yleld, or 
capable of making zew antibiotics“. For most of these purposes, 
cloning of gemes within and between actinomycetes is required 
to stedy the expression of particular genes in genetic beck- 
grounds defined by mutations of the characters under study. To 
achieve this, we have sow developed a method for molecular 
cloning involving the transfer of genes between unrelated strep- 


tomycetes. 

For initial interspecific cloning experiments we chose Strep- 
tomyces lividans strain 66 (ref. 5) as host, since no restriction- 
modification systems are known in this strain and because a 
potential plasmid vector (SLP1.2) was available for it; all 
cleavage sites for the restriction endonucleases BamHI and Pst] 
lie in a dispensable region of SLP1.2(ref. 6). Into these sites we 
attempted to insert resistance genes from two antibiotic- 
producing streptomycetes. Streptomyces fradiae, which makes 
neomycin, contains a neomycin phosphotransferase (APH) and 
a neomycin acetyltransferase (AAC) (ref. 7 and J. Davies, 
personal communication). Streptomyces azureus, which makes 
thiostrepton, contains a ribosomal RNA methylase capable of 
protecting ribosomes from binding thiostrepton’. 

Foreign DNA was inserted into the vector in two ways. The 
first approach used ligation of Mbol genomic DNA fragments, of 
length 2-20 kilobase pairs, into the BamHI site of SLP1.2 (ref. 
9). Mbol, which recognizes a sequence of only four base pairs 
(GATC), generates the same single-stranded termini (GATC) 
as BamHI (recognition sequence GGATCC). The numerous 
Mbol sites expected in Streptomyces chromosomal DNA (about 
1 per kilobase pair; unpublished data) allowed us to generate a 
suitably random population of donor fragments by partial 
digestion with Mbol (about 10% of the sites were cleaved). This 
seemed advisable as we knew nothing about the positions of 
restriction enzyme targets within genes or promotors, or about 
possible fragment size selection during ligation and trans- 
formation. The second approach used double digestion of 
SLP1.2 with BamHI and PstI to excise a 2.6-kilobase pair 
sequence of non-essential DNA and generate non-homologous 
single-stranded ends (one from the BamHI and the other from a 
Pst] site). Recircularization required the insertion of a segment 
of DNA having corresponding termini. Such fragments were 
generated by partially cleaving donor chromosomal DNA with 
Mbol to 5~28 kilobase pairs and then completely with PstI 
(giving an average of one Pst] cut per Mbol fragment). 

Ligation mixtures containing SLP1.2 and fragments of S. 
fradiae or S. azureus total genomic DNA were transformed into 
S. lividans protoplasts. The original procedure? was modified 
to increase the transformation efficiency approximately 20-fold. 
Transformation was indicated by the appearance of ‘pocks’ 
(circular zones of sporulation inhibition associated with plasmid 
transfer, sometimes called the /tz (lethal zygosis) phenotype" in 
the lawn of S. lividans growth arising from the regenerated 
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Method of construction 


Presence of Site at vector-insertion 


Size kilobase pairs Vector Donor DNA restriction junctions Enzyme 
Strain Plasmid Plasmid Insertion cleavage cleavage fragment F Ji J2 specified 
M130 SLPI2- 144 0 om a + = — None 
Ted piji 24.8 13.0 Psi/ BamHI Pstl/ Mbol om Not BamHI PstI AAC 
TCS pij? 17.8 3.4 BamHI} + BamHI BamHI APH 
TCY plj3 22.1 10.3 Psti/ BamHI PstI/ Mbol vee Not BamHI Pst] APH 
TCLO pli4 23.4 11.6 Pstl/ BamHI Pstl/Mbol = Not BamHI PstI AAC 
TCil plys 19.0 4.6 BamHI + Not BamHI] Not BamHI 238 rRNA 

; : methylase 
TCi4 pije 213 6.9 BamHI + BamHI BamHI 238SrRNA 
methvlase 





The recombinant plasmids were constructed by inserting genomic fragments containing genes for antibiotic resistance enzymes into SLP1.2. 
Neomycin resistance, due to AAC or APH, was cloned from S. fradiae (a variant of ATCC 10745 selected for high level resistance to neomycin and 
provided by Dr J. Davies); thiostrepton resistance (23S ribosomal RNA methylase) was cloned from S. azureus ATCC 14921, piJ1, plJ3 and pIJ4 
were generated from Pst] and BamHI cleaved SLP1.2 ligated to fragments of donor DNA double digested with Mbol and PstI; they therefore do not 
contain the small PstI fragment F of SLP1.2 (see Fig. 3). pIJ2, p1J5 and pIJ6 were constructed by ligation of SLP1.2 cleaved with BamHI to Mbol 
fragments of donor DNA. Plasmid and insert sizes (relative to the HindIII fragments of bacteriophage A: 23.5, 9.59, 6.76, 4.44, 2.28, 1.94 and 0.58 
kilobase pairs) were determined from the combined molecular weights of fragments in BamHI/ HindIl double digests, allowing for the presence or 
absence of fragment H (see Fig. 3). Insertion of DNA fragments having Mbol termini into the BamHI site of SLP1.2 reconstituted a BamHI site in four 
out of nine hybrid junctions (J1 and J2 in Fig, 3) as deduced from the presence of fragments D and/or E (Fig. 3) in BamHI/ HindIII double digests 
(reconstitution was expected on random grounds in about one-third of junctions since one-half of each hexanucleotide junction contains half the 
original BamHI sequence of the vector and the other half, coming from an Mbol site in 73% G+C DNA, has a 36.5% (73% x 0.5) probability of 
having BamHI specificity). The expected reconstitution of the PsrI site at J2 in plasmids pIJ1, pIJ3 and plJ4 was confirmed by the presence of 


restriction fragment G (Fig. 3). 





Fig.1 The isolation of a clone carrying drug resistance. S, azureus 
genomic DNA (2.5 yg) was partially cleaved with Mbol into 
fragments of 2-20 kilobase pairs; SLP1.2 (0.5 wg) was cleaved with 
BamHI. Vector and genomic fragments were mixed and ligated 
(4h at 10°C followed by 72h at 4°C in ligation salts which 
contained 66mM Tris-HCI (pH 7.5), 1mM EDTA, 10mM 
MeCl,, 10 mM 2-mercaptoethanol and 0.1 mM ATP) at a total 
DNA concentration of 40 pg ml”! with T4 DNA ligase (prepared 
according to ref. 16). Ligation products were introduced to 3 x 10” 
S. lividans strain 66 protoplasts (haemocytometer counts) by a 
modification (unpublished results) of the PEG-mediated trans- 
formation procedure” These protoplasts gave rise to 5x10’ 
colonies and 4x 10° Backs (see a) after regeneration on 20 plates 


of R2 agar’ ” containing 0.5% Difco yeast extract (R2 YE). When 


these lawns were replica-plated to R2 YE plates containing 
SO ugml' thiostrepton, two spots of drug resistant growth 
appeared (one is shown in 6). After purification of this strain, its 
plasmid DNA was isolated by CsCl-ethidium bromide centri- 
fugation ® and used,fo re-transform S. lividans protoplasts. Non- 
selected regeneration (c) followed by replication to thiostrepton 
(d demonstrated 100% correlation between pocks (c) and thio- 
strepton-resistant growth (d). 
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protoplast population (Fig. 1). When such lawns were replicated 
to plates containing antibiotic (50 ugml™' thiostrepton, or 
1 pg ml”! neomycin), patches of growth appeared correspond- 
ing to certain pocks on the regeneration plates (2 thiostrepton- 
resistant out of 40,000 pocks in an experiment with Mbol- 
generated fragments, 2 neomycin-resistant out of 10,000 pocks 
in a similar experiment, and 3 neomycin-resistant out of 10,000 
pocks when the donor DNA was cleaved with Mboi and PstI). 
The drug resistance and ltz phenotypes of these clones were 
transferred coincidentally at high frequency (10-100%) in mat- 
ings with genetically marked S. lividans derivatives, indicating 
that they contained drug resistance genes inserted into SLP1.2. 
This was confirmed by transformation using the CCC plasmid 
DNA which could be isolated from each clone; the plasmids 
conferred drug resistance (Fig. 1) on all (>95%) transformants 
(that is, pocks). 

Agarose gel electrophoresis of the hybrid plasmids revealed 
that each was larger than SLP1.2 (Fig. 2). HindIII digestion of 
each plasmid yielded SLP1.2 fragments B and C, as expected 
(Fig. 3). Hindi fragment A, which contained the cloning sites, 
was, however, invariably increased in size (Fig. 2). Since the 
inserted fragments came from DNA which had been only parti- 
ally digested with Mbol, they could not be excised in one piece 
with Mbol. Moreover, ligation of Streptomyces (73% G+C) 
Mbol fragments into a BamHI site should alter the sequence at 
about two-thirds of the BamHI-—Mbcl junctions to eliminate the 
BamHI site. The fact that a BamHI recognition site was found at 
four out of nine recombinant junctions (Table 1) confirmed this 
prediction, and will allow the precise removal of the neomycin- 
(APH) and thiostrepton-resistance genes from the recombinant 
plasmids pIJ2 and plJ6 for recloning purposes. The increased 
size of HindIII fragment A was used to calculate the amount of 
inserted DNA in each clone (Table 1). The sizes of the inserts 
(4-13 kilobase pairs) agreed with the molecular weight range of 
the donor DNA fragments. 

Interspecific gene transfer was confirmed biochemically. The 
four neomycin-resistant clones were assayed for APH and AAC 
activities; two contained APH and two AAC. Extracts from 
both thiostrepton-resistant clones were found to contain thio- 
strepton-resistant ribosomes and the expected ribosomal RNA 
methylase activity. Thus the availability of $. lividans clones 
containing the ribosomal RNA methylase of S. azureus 
confirmed its potential to confer thiostrepton resistance on the 
producing organism’. In the case of neomycin resistance, the S. 
lividans clones established that the presence of either of the two 
neomycin modifying enzymes of S. fradiae is sufficient to give 
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Fig.2 Agarose gel electrophoresis of recombinant plasmids and 
their cleavage fragments produced by HindIII. The DNA species 
were separated by electrophoresis in 0.8% agarose using a Tris- 
acetate buffer’? for 15h at 1 Vcm '. h and p, bacteriophage A 
DNA cleaved with HindIII; a, the parent SLP1.2 plasmid and b-g, 
the recombinant plasmids PIJ 1-6 respectively, uncleaved (the 
fastest migrating band in each track is the CCC plasmid species); i, 
SLP1.2 and j-o, pIJ1-6 respectively, cleaved with HindIII, Note 
the indistinguishable sizes of the two smaller HindIII fragments in 
SLP1.2 and the series of recombinant plasmids and the increased 
size of the largest fragment in each recombinant. 


resistance to neomycin. Comparable clones promise to be valu- 
able in understanding the resistance mechanisms of other anti- 
biotic-producing actinomycetes and perhaps the origins of 
clinically important drug resistance genes’. 

The results, in conjunction with those of Bibb ef a/.'* on the 
cloning of methylenomycin resistance from S. coelicolor into S. 
coelicolor and S. lividans, and our unpublished results showing 
that two randomly chosen genes for amino acid biosynthesis 
could be cloned from the chromosome of S. coelicolor A3(2) on 
to the SCP2* plasmid of that strain, indicate that molecular 
cloning in streptomycetes on existing plasmid vectors is quite 
practicable. We feel that our cloning of three genes conferring 





Fig.3 Restriction map of the SLP1.2 plasmid for enzymes EcoRI, 
HindIll, Pst! and BamHI® (continuous circle) and positions of 
insertions in recombinant plasmids pIJ1-6 (Table 1). 
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resistance, by known mechanisms, to stable and readily avail- 
able antibiotics augurs well for the further development of 
cloning vectors for streptomycetes. Possible resistance enzymes 
for many aminoglycosides’, macrolides’’, chloramphenicol” 
and other antibiotics are available im the actinomycetes. It 
should therefore be relatively straightforward to build a strep- 
tomycete vector bearing more than one resistance gene in order 
to: select for the presence of the vector’, detect clones by 
insertional inactivation’’, and achieve high level expression of 
cloned genes (highly efficient promoters for some of these genes 
are being sought among mutant strains showing increased drug 
resistance). Such a vector would facilitate, for example, the 
cloning of genes involved in antibiotic biosynthesis or differen- 
tiation, on which this laboratory is now embarked. 

We thank Dr Eric Cundiliffe for the 5. azureus strain and the 
RNA methylase assays, Dr Ken-ichi Komatsu for the assays of 
AAC and APH, Drs Keith Chater, Jalian Davies and Tobias 
Kieser for helpful discussions, and the National Research 
Development Corporation for financial support. 
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DNA cloning in Streptomyces: 

a bifunctional replicon 

comprising pBR322 

inserted into a Streptomyces phage 
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John Innes Institute, Colney Lane, Norwxh NR4 7UH, UK 





The Gram-positive, mycelial, differentiating streptomycetes are 
responsible for the production of many important antibiotics. 
The availability of gene cloning systems in this microbial group 
would have many industrial applicatiens’ besides allowing more 
penetrating study of the genetics of Streptomyces coelicolor 
A3(2) (which, as the best understood streptomycete genetically, 
serves as a model for much other Streptomyces genetics)’. 
Recent successes“ (see previous paper“) in introducing Srrep- 
tomyces DNA into S. coelicolor and Streptomyces lividans on 
plasmid vectors would be nicely complemented by the availabil- 
ity of Streptomyces bacteriophage vectors (discussed in ref. 5): 
for example, many phages have wide and easily defined host 
ranges; heat-inducible prophages might be used to give high 
copy number of cloned DNA; efficient phage promoters might 
be used to increase gene expression; there may be differentia! 
stabilities for particular DNA seqeences cloned in plasmids 
vis-a-vis phages; selective insertion of DNA, utilizing 
packaging constraints, may be possible with phages; and fn situ 
hybridization® of radioactive probes to DNA Tn plaques is likely 
to be simple. We describe here the use of the moderately wide 
host range temperate phage, C31’, for this purpose. 
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Although ®C31 DNA (39 kilobases) is not known to have 
single targets for any restriction enzymes, it possesses six EcoRI 
sites’ which might be used for inserting DNA. Viable deletion 
mutants have been obtained’ that should allow the insertion of 
fragments of foreign DNA without interfering with packaging of 
DNA into maturing phage particles. DNA of ®C31 efficiently 
transfects Streptomyces protoplasts in the presence of poly- 
ethylene glycol*. The particular phage strain chosen was 
®C31ctsA23, which has about 8% (3.25 kilobases) less DNA 
than the wild-type ®C31 (J.E.S. and K.F.C., unpublished 
observations). The small Escherichia coli plasmid pBR322 
(4.362 kilobases)”'°, which has single EcoRI, BamHI and PstI 
sites, was selected as the DNA for insertion. 

The ®C31ctsA23 vector DNA was treated'' with T4 ligase to 
close its cohesive ends covalently*'*, precipitated with ethanol 
and partially cleaved with EcoRI to give an average of about one 
cut per molecule. After a second ethanol precipitation, the DNA 
was ligated in the presence of a 25-fold molar excess of 
completely EcoRI-cleaved pBR322, and the DNA mixture was 
used to transfect S. lividans protoplasts". Of 1,500 plaques 
obtained with a sample of DNA mixture containing 
100 ng ®C31ctsA23 DNA (about 30-fold fewer plaques than 
expected for 100 ng ®C31 cts DNA in a normal transfection)? 
one hybridized to** P-labelled pBR322 probe DNA in a filter- 
hybridization test“. 

DNA was isolated from the purified presumed hybrid phage 
and analysed by digestion with restriction enzymes (Fig. 1). An 
EcoRI fragment of 4.36 kilobases, present in the hybrid DNA 
but not in DNA of ®C3lctsA23, co-migrated with EcoRI- 
cleaved pBR322. Single sites for BamHI and PstI, absent from 
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Fig. 1 Restriction enzyme analysis of DNA of ®C31 derivatives 
using électrophoresis in 1% agarose gels. Tracks a and k are 
molecular size standards of A DNA treated with SalPI (ref. 13). 
Phage DNA was prepared by conventional procedures (ref. 16). 
Note that the DNA in tracks c, d and e is indistinguishable from 
that in tracks i, j and h, but that (as expected) in the plasmid form of 
the hybrid DNA (track g), EcoRI fragment A’ (the fusion product 
of EcoRI fragmentsB and F, the cohesive ends of the phage DNA) 
completely replaces B and F. Fragment C 23 (3.4 kilobases (kb)) is 
the reduced form present in ®C31ctsA 23, of the wild-type frag- 
ment C (6.6 kilobases, absent from this gel) (ref. 5). 
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Fig.2 Structure deduced for C31ctså23-pBR322 hybrid DNA 

from data in Fig. 1, based on the EcoRI restriction map of ®C31 

DNA given in ref. 17. Letters above the map are EcoRI fragment 
designations. 


the control DNA, were present in the hybrid DNA, and were 
both within the novel EcoRI fragment (not shown). In digestions 
with single enzymes, the smaller BamHI fragment was 10.8 
kilobases, and the smaller PstI 7.4 kilobases. These data were 
consistent with insertion of pBR322 into ®C31ctsA23 in the 
position and orientation shown in Fig. 2. 

Wild-type ®C31 DNA contains no sites for the PstI iso- 
schizomer SalPI present in Streptomyces albus P: consequently, 
C31 is not restricted by S. albus P’*. However, phage from the 
plaque containing pBR322 sequence homology was restricted 
and modified by S. albus P: its efficiency of plating on S. albus P 
was 20-fold lower (data not shown) when the previous host was 
S. lividans than when it was S. albus P (using S. lividans as a 
standard host). A similar level of restriction by S. albus P was 
previously seen with phage R4, which has one Sa/ PI target site 
in its DNA”. Presumably, introduction of the PstI (=SalPI) site 
of pBR322 into ®C31 was responsible for the observed restric- 
tion. This property provided a supplementary way of identifying 
the hybrid clone. 

The EcoRI site of pBR322 is not within a region needed for 
plasmid replication or expression of its tetracycline or ampicillin 
resistance genes in E. coli. Therefore, assuming that the 
®C31DNA would be largely unexpressed in E. coli, the hybrid 
molecule should replicate in E. coli as a plasmid and express 
both drug resistances. This was found to be the case: very similar 
efficiencies of transformation’? of a recA derivative of E. coli 
803 (metB hsdS) to tetracycline resistance were obtained with 
supercoiled pBR322 DNA and ligated or non-ligated hybrid 
DNA. (The similarity between the efficiencies with ligated and 
non-ligated DNA probably reflects the high stability of hydro- 
gen bonding between the cohesive ends of C31 DNA*??.) The 
colonies obtained were all Met’ and resistant to both tetra- 
cycline (25 ug ml‘) and ampicillin (200 ug ml~') when tested 
by replica plating. Plasmid DNA isolated from nine colonies 
transformed with hybrid DNA gave an EcoRI digestion pattern 
which was distinguishable from that obtained with the original 
hybrid DNA isolated from phage particles only by the expected 
covalent joining of the cohesive ends of the phage DNA (Fig. 1). 
(Plasmid DNA isolated from two of the E. coli colonies trans- 
formed with pBR322 DNA was indistinguishable from pBR322 
using EcoRI digestion.) 

We next tested whether S. lividans protoplasts could be 
transfected by the hybrid plasmid DNA isolated from E. coli. 
About 250 ng hybrid plasmid DNA gave 1,100 plaques—a 
frequency 10-100-fold lower than that obtained with DNA 
isolated from the hybrid phage. DNA from phages obtained 
from five of these plaques was indistinguishable by restriction 
enzyme analysis from the DNA of the original hybrid (Fig. 1). 

The data reported here demonstrate the following: (1) the 
plaque hybridization technique® is applicable to the Strep- 
tomyces phage ®C31; (2) pBR322 DNA can be inserted into 
©C31ctsA23 DNA at an EcoRI site 6.35 kilobases from one end 
of the molecule without obvious effects on the ability of the 
phage to form plaques, proving the feasibility of using this phage 
as a DNA cloning vector and providing single dispensible 
BamHI and PstI target sites which will be important in the 
future use of derivatives of the hybrid as cloning vectors;(3) the 
presence of the PstI (= SalPI) site of pBR322 in the hybrid 
phage causes it to be restricted by S. albus P; (4) DNA of the 
C3 1ctsA23—pBR322 hybrid can easily be transformed into E. 
coli (even without ligation of the phage cohesive ends), and 
maintained there without any evidence of structural instability 
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during subculture for at least 30 cell generations; (5) the super- 
coiled covalently closed circular DNA isolated from E; coli- 
transfects S. lividans protoplasts at least moderately efficiently, 
suggesting the absence of a severe restriction barrier (which 
might have operated on DNA last propagated in E. coli); (6) the 
pBR322 sequence is stably inherited during propagation of the 
hybrid molecule as a phage in S. lividans. 

The ability of the hybrid DNA to inhabit either Streptomyces 
or E. coli will be invaluable in introducing some of the powerful 
genetic techniques (such as transposon mutagenesis)’* available 
in E. coli into the study of Streptomyces genetics. It may also be 
possible to turn to advantage the absence of packaging con- 
straints on the size of the molecule when it is replicating in the 
plasmid mode, isthe presence of such constraints during 
its growth as a phage... 3 

Dr A. G. Hepburn provided not only extensive technical 
advice but also labelled and unlabelled pBR322 DNA. We 
thank Professor D. A. Hopwood and Dr C. J. Thompson for 
invaluable comments on the manuscript, and Celia Bruton for 
technical assistance. J.E.S., on leave from the University of 
Oviedo, Spain, was the recipient of a grant fromthe Vicente 
Canada Blanch Foundation. 
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Supercoiling in eukaryotic cells can be explained by the 
_ packaging of DNA into nucleosomes in the presence of nicking- 
closing enzymes’. This does not, however, rule out the presence 
of a DNA gyrase. DNA gyrase’ is involved in the introduction 
and maintenance of supercoiling in prokaryotic cells** and in 
DNA replication in Escherichia coli**’. Novobiocin and cou- 
mermycin-A, inhibit prokaryotic DNA replication*’ by 
inhibiting the subunit of the gyrase responsible for its ATPase 
and energy transduction activities’*’*"*, The inhibition of 
DNA synthesis in a mammalian cell’ and in rat liver mito- 
chondria** by novobiocin suggests that a gyrase required for 
initiation of replication is inhibited. Because the presence of a 
gyrase in eukaryotic cells would be of great interest, I have 
examined this question in a well characterized model system, the 
replication of simian virus 40 in its host (monkey) cell. The 
results demonstrate here that novobiocin and coumermycin A, 
inhibit SV40 DNA synthesis in mammalian cells and inhibit 
DNA olymerase a, the replicative DNA polymerase in this 
` system’”""*, Novobiocin, but not coumermycin A,, reduces the 
degree of supercoiling of DNA ‘pulse-labelled in its presence, 
probably through its inhibition of protein synthesis. Thus the 
inhibition of SV40 DNA synthesis by novobiocin does not alone 
prove the involvement of a DNA gyrase. 






of control) 


A 


DNA synthesis (° 













0.02 0.05 0100.20 6.50 


Novobiocin (mg mi~') | 


synthesis in intact 
minimal essential 
CS}, infected with 
lave FCS as previously 

vas added from a stock 


Fig. 1 Novobiocin inhibition of SV40 DNA 
cells. CV-1 cells were grown to confi 
medium {MEM) with 10% fetal c 
$V40, and incubated in ME 
described”. Novobiocin (Boeh 
solution of 10mgml™ in 2.0.mM ° , PH 7.5, as noted. 
Radioactive labelling was terminated by removal of medium, two 
rinses with phosphate buffered saline, and extraction of viral DNA. 
by the method of Hirt’. O, Novobiocin was added 20h after 













infection, [P H]dT (1.8 pCi mi!) was added 75 min later, and 
incubation was continued for a further 34h. A, Novobiocin was 
added 18.5 h after infection, [“*C]dT (0.08 wCi mi!) was added 
90 min later and incubation was for a further 25 h, @, At 39 h after 
infection, the medium was replaced with fresh medium containing 
2% FCS and 12.5 mM HEPES (pH 7.1); 2 bh later novobiocin was 
added, and 120 min after drug addition [PHIdT (12 uCi mi”) was 
added for a 30-min pulse. 








The effect of novobiocin on SV40 DNA synthesis was studied 
by examining the incorporation of radio abel into viral 
DNA (selectively extracted from the ce he method of 
Hirt’? about 40 h after infection): Ass ,novobiocin 
dent manner; 


a ue 
|2 mg ml’ novobiocin. 













50% inhibition is achieved by ~0 


Inhibition of DNA synthesis by novobiocin is rapid (the steady- 
state level is reached within 90min) and reversible. The 
concentration of novobiocin required to inhibit $V40 repli- 
cation is about 100 times greater than that required to inhibit 
DNA synthesis in £. coli’. 


he effect of 
erase. We have pre- 
ponsible for SV40 





novobiocin, a concentration similar to that which inhibits repli- 
cation in cells. This inhibition would suffice to. explain the 
inhibition of SV40 DNA synthesis. Since the substrate in these 
Studies consists of short linear segments of DNA. which are 
extensively nicked and gapped, this inhibition cannot be related 
to a need to relieve supercoiling. DNA polymerase -y is also 
inhibited (50% at about 0.6 mg ml~'); DNA polymerase @ is not 
inhibited (data not shown). These results confirm reports that 
similar concentrations of novobiocin inhibit a crude DNA 
polymerase a of rat brain” and that high levels inhibit a human 
7S DNA polymerase”’, but do not significantly inhibit DNA 
polymerase 8737, | 

Closed circular SV40 DNA made during a 30-40 min pulse in 
novobiocin-inhibited cells (0.1 mg m!~* and above) has agreater 
density in CsCl-ethidium bromide density gradients than does 
SV40 DNA from control cells (Fig. 3), indicating that it is less 
negatively supercoiled****. This was confirmed by examining 
the dependence of sedimentation rate on ethidium bromide 
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concentration; the minimum sedimentation rate of SV40 
DNA extracted from control cells occurred at about 2 pg ml” 
ethidium bromide, while that of SV40 DNA made in the 
presence of 0.1-0.2 mg ml”' novobiocin occurred at about 1.0- 
1.5 pg ml™'. Novobiocin itself does not bind to DNA*, and 
would not directly alter the supercoiling. DNA made during 
long labelling periods in the presence of novobiocin is indis- 
tinguishable from that made in control cells (data not shown). At 
these levels of novobiocin, protein synthesis is also inhibited 
(data not shown) and the change in supercoiling could be a result 
merely of less packaging of the DNA into nucleosomes due to 
this inhibition of protein synthesis. 


DNA polymerase a (% of control) 
H ; 
& 


002 0.05 0.10 0.20 0.50 1.00 2.00 
Novobiocin (mg m` +) 


Fig.2 Novobiocin inhibition of DNA polymerase a in vitro. DNA 
polymerase a assays were conducted as previously described’”; the 
reaction mixtures contained (per 0.1 ml) 50 ug activated DNA and 
45g bovine serum albumin, in 0.05M Tris-HCl pH 8.5, 
7.5 mM MgCl, all four dNTPs at either 15 uM (O, A) or 25 pM 
(J); and PH]JdTTP (2 pCi). Two different preparations of 
DNA polymerase a were used, one partially purified through 
DEAE cellulose as previously described’’ (O) and an independent 
preparation purified in a similar manner and then further purified 
through phosphocellulose”® (A, C). Both preparations were shown 
to be sensitive to N-ethyl maleimide, and resistant to dideoxy- 
TTP? Incorporation was normalized to the value from reac- 
tions lacking drugs; 100% represénts 235 pmol (©), 340 pmol (A), 
or 180 pmol (O) of dTTP incorporated in 30 min. 


To clarify this situation, I examined the effects of coumermy- 
cin-A, (refs 10, 11) on SV40 DNA synthesis. Coumermycin-A, 
lyses monkey cells at concentrations above 0.01 mg ml7'; at 
slightly lower concentrations it inhibits SV40 DNA replication, 
and at slightly higher concentrations inhibits DNA polymerase a 
(50% at about 0.03 mgml”') and y (50% at 0.2 mg ml”). 
Coumermycin-A,, however, inhibits DNA replication without 
significantly altering the supercoiling of SV40 DNA, as tested 
both with equilibrium density gradients (Fig. 3c) and sedimen- 
tation rate measurements in the presence of ethidium bromide. 
These comparative data reinforce the suggestion that the 
difference in supercoiling seen with novobiocin is a secondary 
effect of the drug. | 

After submission of this manuscript, the presence of type II 
DNA topoisomerases in eukaryotic cells was reported**; no 
gyrase activity was reported. These topoisomerases are reported 
to be sensitive to high levels of novobiocin”, and the authors 
relied on the previously reported sensitivity of replication to 
high levels of novobiocin’* to argue that these topoisomerases 
might be the target enzymes. These conclusions are premature, 
since the data prasented here demonstrate that the effects of 
noevobiocin and coumermycin-A, on $SV40 DNA synthesis can 
be explained as the results of inhibiting DNA polymerase a and 
protein synthesis. The results presented here provide no direct 
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Fig. 3 Ethidium bromide-caesium chloride equilibrium grad- 
ients. Control $V40 DNA was isolated by the method of Hirt’? 
from infected cells incubated with ['*CldT (0.08 pCi ml!) from 22 
to 45 h post-infection (A). Pulse-labelled DNA was isolated in the 
same manner at 40 h post infection (©). a, Cells were incubated for 
20 min with PHI]dT (25 pCi ml”), in the absence of drug. b, Cells 
were incubated for 2h with 0.2 mg ml”! novobiocin, and then 
CH]dT (25uCiml™') was added for 35 min. c, Cells were 
incubated for 2h with 0.005 mg ml~* coumermycin-A, and then 
CHIT (25 pCi ml” '} was added for 40 min. The Hirt supernates 
were extracted with chloroform/isoamyl alcohol (24:1), aliquots 
of '*C-DNA (control) (A) were mixed with the "H-DNA (pulse) 
(©) from control or drug-treated cells, and each was adjusted to a 
refractive index of 1.388 with CsCl, buffer (0.01 M Tris-HCI pH 
8.0, 0.01M NaCl, 0.001M EDTA) and ethidium bromide 
(0.27 mg ml‘ final concentration). Centrifugation was for 42 h at 
38,000 r.p.m., 20°C in a Beckman SOTi rotor. Fractions were 
collected, carrier DNA was added, and the DNA precipitated with 
HCI and filtered through glass fibre filters, all as previously 
described”®. For a and b, 14C scales are the same, °H scales differ. 
| Density decreases from left to right. 


evidence for participation of a DNA gyrase in SV40 DNA 
replication, although they do not rule out the possibility. 
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Alexander and co~ kere! have developed a tissue culture cell 
line (PLC/ PRF/5) oin a primary hepatocellular carcinoma of a 
Mozambican. male with a positive serum for hepatitis B virus 
surface antigen (HBsAg). This cell line produces and secretes 
HBsAg but no other known viral protein’. PLC/PRF/5 there- 
fore contains at least part of the hepatitis B virus (HBV) genome 
in functional form. The 42-nm, spherical Dane particle in 
human serum is thought to represent the complete infectious 
agent of HBV*. The core of this particle contains circular 
double-stranded DNA in which one strand is ‘nicked’ (complete 
but not covalently closed) and the other strand is incomplete 
(lacking 15-45% of its sequence complement)**, Four proteins 
have been associated with the HBsAg, core antigen (HBcAg), e 
antigen and a viral DNA polymerase ; Several groups have now 
cloned Dane particle DNA in Escherichia coli**°, and both 
restriction maps and a complete DNA sequence have been 
determined. Various studies suggest that there is sequence 
heterogeneity in Dane particle DNA isolated from patients 
expressing the same or different viral subtypes, as well as 
sequence variation in different clones of Dane particle DNA 
obtained from a given individual’®’’. Other studies’ have 
reported HBV DNA sequences in DNA from liver cancer tissue. 
In none of these cases was viral DNA reported to be integrated 
into the host cell genome. With the improvement in techniques 
for characterizing viral DNA molecules, we have begun to 
analyse HBV genes and their expression in the PLC/PRE/5 cell 
line by molecular hybridization of cellular DNA and RNA to 
cloned *’P-labelled plasmid HBV DNA. We now present evi- 
dence in PLC/PRF/5 cells for integration of HBV DNA into the 
host genome and expression of three RNA molecules containing 
HBV-specific sequences. These findings are consistent with 
observations in several animal virus models in which integrated 
viral DNA is found during oncogenic transformation. 

HBV DNA contains a unique EcoRI site which was used for 
insertion of HBV sequences. Therefore, treatment of cloned 
recombinant A phage or plasmid pAO1 DNAs containing the 
complete sequence of fully double-stranded Dane particle DNA 
(3,250-3,300 base pairs) with EcoRI should release the entire 
sequence of HBV DNA as a single fragment, which can be 
identified by agarose slab gel electrophoresis, nitrocellulose 
filter transfer and hybridization to an appropriate **P-labelled 
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HBV probe (Southern blot)’*. Figure 1 shows the autoradio- 
graph of a Southern blot of recombinant A HBV DNA, A HBV 
DNA digested with EcoRI and A- HBV DNA digested with 
EcoRI followed by a second restriction endonuclease to 
generate additional HBV fragments. EcoRI generates a single 
HBV fragment of ~ 3,250 base pairs (lane b), EcoRI followed 
by BamHI generates two fragments of ~ 1,900 and 1,400 base 
pairs (lane c), EcoRI plus Bgl rates three fragments of 
~ 2,250, 700 and 100 base pairs (lane d), EcoRI plus Hincll 
yields four fragments of ~ 1,800, 800, 450 and 200 base pairs 
(lane e) and EcoRI plus Hindll (lane f) generates one 3,250- 
base pair fragment as found with EcoRT alone (that is, the HBV 
sequence in recombinant A phage DNA contains no Hindll] 
restriction site). In each case, the total. length of HBV restriction 
fragments is approximately 3,250 base pairs. For reasons which 
are unclear, in lane e the hydrization signal for the 1,800 base 
pair band was weak and this band rep céd poorly on the 
photograph. For subsequent studies, Fes i on enzymes EcoRI 
and Hindlll were used. 

Figure 2 shows the autoradiograph: 
PLC/ es 5 DNA digested with eithe E 
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Fig. 1 Restriction enzyme ahaha of-cloned A HBY DNA. Recombinant 
(Sug) A HBV DNA was digested with 5 units of EcoRI. restriction 
endonuclease. Digested material (1 jag) was further digested with I uni of 
BamHI, Bglll, Hincil or Hindlll, respective'y. AH digestions were carried 
outdn appropriate buffers at 38°C for 6-12 hy Aliquots (ugh of each 
digested sample were placed oma separate lane of @ 0.8% agarose slab gel 
and electrophoresis carried out in Peacock and Dingman buffer’ 450 Y for 
5-6 h. After electrophoresis, the DNA fragments were transferred to nitro- 
cellulose paper and the paper was hybridized with nick-transiated. "P 
labelled pAO1 HBV probe as described by Southern" Nick-translation was 
carried out according to a modified procedure of Rigby et ak, using E. goli 
DNA polymerase 1. Both “*P-dATP and *°P-dCTP (specifie ai 3 
800 Ci mmole™') were included in the reaction to obtain 
high specific activity (1-2 x 10" per DNA). After hybridization, the 
lulose paper was exposed overnight on Kodak XR-$ dim for autoradio- 
graphy. Lane a, undigested A HBV DNA, lane h, A HBV DN 
lane c, A HBV DNA+EcoRI+ BamHI lane d A BBV” 

Bglll; lane e, A HBV DNA- 1+ Hinell: lane f i : 
EcoRI + Hindit. The: position of restriction fragments of plasmid pBRI22 

run on a separate lane are shown on the left, 
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Fig. 2 Restriction enzyme analysis of total DNA from PLC/PRF/S cells. 
PLC/PRF/S5 cells were grown to confluence in monolayer culture using 
Eagle's minimal essential medium supplemented with glutamine, non- 
essential amino acids, 10% heat-activated fetal calf serum, penicillin, strep- 
tomycin and Fungizone. Trypsinized cells were lysed with detergent accord- 
ing to the procedure of Innis and Miller®’, nuclei were pelleted by centri- 
fugation at 5,000g for 5 min, and DNA and nuclear RNA were obtained by 
SDS-phenol extraction followed by ethanol precipitation. Nuclear DNA was 
purified further by ribonuclease A digestion, followed by SDS-proteinase K 
treatment and phenol/chloroform/isoamy| alcohol extraction. DNAs from 
other tissues were purified essentially as described above, except that the 
starting material was total nucleic acids. Aliquots of 20 ug of each DNA 
sample were digested with EcoRI or HindIII in appropriate digestion buffer. 
To ensure complete digestion, 20 units of restriction endonuclease were used 
and incubation was at 37 °C. After 12 h of incubation, 20 additional units of 
fresh enzyme were added and incubation continued for an additional 12 h. 
Electrophoresis of these samples, their subsequent transfer to nitrocellulose 
paper and hybridization to **P-labelled pA01 HBV DNA were as described 
in Fig. 1 legend. The autoradiograph was developed by exposing the 
nitrocellulose paper for 5-7 days on Kodak XR-5 film using intensifying 
screens (Picker Corporation). Lane a, HindIII-digested PLC/PRF/5 DNA; 
lane b, EcoRI-digested PLC/PRF/5 DNA; lane c, EcoRI-digested rat liver 
DNA; lane d, EcoRI-digested normal human liver DNA; lane e, EcoRI- 
digested salmon sperm DNA. The length (in base pairs) of specific labelled 
fragments was determined by comparison with restriction enzyme fragments 
of plasmid pBR322 used as standards. 
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The number and size of HBV restriction fragments suggest 
that more than one, but only a few, discrete host integration sites 
are involved. Although the lengths of fragments generated with 
HindIII are larger than those obtained with EcoRI, a more 
precise comparison cannot be made. This is especially true as 
HBV DNA integrated into different sites may contain deletions 
or rearrangements affecting the restriction pattern, and Dane 
particles from the original patient are not available for 
comparison. 

To study viral RNA expression in this cell line, total cyto- 
plasmic and nuclear RNAs were isolated and separated into 
poly(A)* and poly(A) fractions. RNA samples were applied to 
denaturing glyoxal slab gels, blotted to diazobenzyloxymethy] 
(DBM)-cellulose paper and HBV sequences identified by 
hybridization with **P-HBV probe'*. As shown in Fig. 3, total 
cytoplasmic poly(A)” RNA (lanes a and a’) reveals two bands 
containing virus sequences, 21.5S (3,050 nucleotides) and 19.5S 
(2,500 nucleotides). Total nuclear RNA (lane 4) shows three 
bands of 27S, 21.5S and 19.5S (the migration of all components 
in this fraction is retarded slightly by the presence of high 
molecular weight nuclear RNA). The 21.5S and 19.5S bands in 
nuclear RNA probably represent the same components as found 
in the cytoplasm. Cytoplasmic poly(A)” RNA (lane d) also 
shows a 27S band (4,700 nucleotides). Hybridisable material in 
the nuclear fraction is alkaline labile (lane c), ruling out the 
possibility of DNA contamination, and poly(A)” RNA from 
normal human liver (lane e) shows no distinct radioactive bands, 
demonstrating the specificity of our HBV probe. 

The biological activity and function of these viral RNAs are 
unknown. The presence of a poly(A)tail in the 21.58 and 19.5S 
RNA species suggests that they represent specific viral mRNAs. 
It has been reported that this cell line produces HBsAg’, anda 
recent DNA sequencing study of Dane particle DNA proposes a 
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*P_labelled HBV DNA as hybridization probe (specific activity 
2x10°c.p.m. per pg). Lane a shows four HBV restriction 
fragments with HindIII of sequence length ~6,650, 5,550, 
4,500 and 3,600 base pairs, respectively. The 5,550-base pair 
fragment reproduces poorly on this photograph but is present on 
all autoradiographs of this material. Lane b shows four HBV 
restriction bands with EcoRI, ranging from 2,100-2,200 to 
4,650 base pairs. EcoRI-digested rat liver DNA (lane c), normal 
human liver DNA (lane d) and salmon sperm DNA (lane e) 
show no bands hybridizing with **P-HBV DNA. As one frag- 
ment with EcoRI and four fragments with HindIII are larger 
than cloned full-length double-stranded Dane particle DNA, 
these results suggest that HBV DNA sequences are integrated 
into PLC/PRF/5 cell line DNA. The possibility cannot be 
excluded that host or other virus-related sequences are asso- 
ciated with extrachromosomal HBV DNA to produce some of 
these bands. However, as HindIII recognizes no internal 
cleavage site in HBV DNA, the presence of four large fragments 
with this enzyme strongly favours integration of viral DNA 
sequences. The band migrating at 3,250 base pairs after EcoRI 
digestion (lane b) could represent a small amount of extra- 
chromosomal (non-integrated) HBV DNA, and the 6,650-base 
pair band after HifdIII treatment (lane a) could represent a 
dimer or circular concatomer of HBV DNA. Further studies will 
be necessary to characterize these bands fully. 


ae 


Fig. 3 Identification of RNA molecules containing HBV sequences in 
PLC/PRF/5 cells. Nuclei and cytoplasm from 2 10* PLC/PRF/S5 cells 
were prepared as described in Fig. 2 legend. Isolated nuclei were resuspen- 
ded and lysed in 50 mM Tris-HCI pH 7.5, 2 mM NaEDTA, 150 mM NaCl 
and 1% SDS. Nuclear RNA and DNA were isolated by phenol/chloro- 
form/isoamy! alcohol extraction and nuclear RNA was recovered by 
repeated differential salt precipitation. Total cytoplasmic RNA was isolated 
from the post-nuclear supernatant fraction by SDS/phenol/chloro- 
form/isoamy! alcohol extraction followed by ethanol precipitation. Total 
cytoplasmic RNA was fractionated further into poly(A)* and poly(A)” RNA 
by oligo(dT)-cellulose column chromatography. 15-60 pg of RNA was 
denatured by a glyoxal procedure™ and electrophoresed on an agarose slab 
gel in Peacock-Dingman buffer” for 5-6 h at 50 V. RNA was blotted to 
DBM paper'* and hybridized to nick-translated **P-labelled PAO] HBV 
DNA. After hybridization, the DBM paper was exposed on Kodak XR-5 
film for autoradiography using intensifying screens. Lanes a-e were exposed 
for 3 days. Lane a’ is lane a of the same gel exposed to autoradiography for 
only 17 h. Lane a, 15 wg of cytoplasmic poly(A)” RNA; lane b, 50 pg of total 
nuclear RNA; lane c, 50 yg of alkali-treated total nuclear RNA; lane d, 
60 ug of cytoplasmic poly(A)” RNA; lane e, 20 ug of cytoplasmic poly(A)” 
RNA from normal human liver. The position of 18S, 25S and 28S ribosomal 
RNA markers determined in separate lanes is shown to the right. 
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892-base pair region as coding for this protein’; it is therefore 
surprising to find no viral RNA in the cytoplasm close to 1,000 
nucleotides. Most probably, either the 21.58 or the 19.5S 
poly(A”) viral RNA codes for HBsAg. The finished polypeptide 
(molecular weight 25,000) may be derived by post-translational 
processing of a larger precursor. As the PLC/PRF/5 cell line 
produces only one known viral protein (HBsAg), the role of the 
other two viral specific RNAs remains unclear. These RNAs 
may code for nonstructural proteins which do not become 
incorporated into the mature virion, as observed in other 
systems after viral infection’®. 

At present, the major evidence linking HBV to hepatocellular 
carcinoma is epidemiological”. A variety of virus—cell inter- 
actions have been described in oncogenic transformation and/or 
persistent viral infection in cultured cells, so the PLC/PRF/5 
line provides an excellent model for studying these phenomena 
as related to HBV gene expression. The ability of these cells to 
grow rapidly in tissue culture as well as in soft agar’®, and to 
produce tumours in athymic nu/nu mice’? (our unpublished 
observations), indicates a malignant phenotype. However, in 
considering the relationship between the presence of viral genes 
and tumorigenicity, it is important to remember that trans- 
formation may result from altered cellular gene expression 
rather than the function of HBV genes. Therefore, the mere 
presence of integrated HBV genes with limited expression of 
HBV proteins does not prove viral oncogenicity, although these 
findings are consistent with observations in other systems?” 
In spite of this limitation, evaluation of HBV genes and their 
expression in PLC/PRF/5 cells provides the first opportunity of 
studying the biology and pathobiology of HBV infection at the 
molecular level. 

In the present study, viral DNA is transcribed into three 
specific RNAs. Although the function of these RNAs has not 
been determined, two are poly(A)* (21.58 and 19.56) and 
presumably represent cytoplasmic viral mRNAs. The third viral 
RNA is poly(A)”, is found in both the nucleus and the cyto- 
plasm, and is larger than full-length Dane particle DNA. This 
suggests that the 27S RNA is derived by co-transcription of host 
and viral sequences from an integrated viral transcription unit, 
or that the full genome of hepatitis B virus in the cell is larger 
than that observed in Dane particles. Although other explana- 
tions are possible, evidence suggesting synthesis of small 
amounts of rapidly sedimenting RNA, containing viral and host 
sequences in molecules of larger apparent size than the viral 
genome, has been reported during integration of SV40 viral 
DNA***, In the present case, this material has been identified 
as a specific RNA molecule (27S or 4,700 nucleotides on 
agarose gel electrophoresis in strongly denaturing conditions) 
and represents a significant portion of viral sequences in both the 
nucleus and cytoplasm. The exact nature and role of 27S HBV 
RNA, as well as the other viral RNAs, remain to be determined. 

After this manuscript was submitted, Marion et al.” reported 
similar findings of integrated HBV-DNA in the PLC/PRF/5 
cell line. 
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cells and Dr Probir Sarkar for advice. Research was supported in 
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tutional grant IN-28U and the Sara Chait Memorial Foun- 
dation. D.S. is the recipient of an NIH John E. Fogarty Inter- 
national Fellowship. These studies represent part of a thesis by 
N. R.-O. to be submitted to the Sue Golding Graduate Division, 
Albert Einstein College of Medicine, in partial fulfillment of the 
requirements for the degree of D.Phil. 
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Hepatitis B virus (HBV) may be one of the agents involved in 
the aetiology of human primary liver cancer’. This hypothesis is 
supported by (1) the similarity between the geographical dis- 
tribution of chronic carriers of the viral surface antigen (HBsAg) 
and that of hepatocellular carcinoma (HCC); (2) the increase in 
the prevalence of HBV markers in serum of patients with 
primary liver cancer when compared with the general popi- 
lation’; (3) the observation that HBV infection precedes the 
development of the tumour’. Moreover, these epidemiological 
indications of an association between HBY infection and hepa- 
tocellular carcinoma are supported by the detection of HBV 
markers such as HBsAg” or viral DNA sequences, although in 
a non-integrated form** in tumour tissue. To study the rela- 
tionship between HBV and primary liver cancer further, we 
looked for the presence of free or integrated viral DNA in 
tumour tissue of human hepatocellular carcinomas and in a 
HBsAg-producing human hepatoma cell line“, Using the blot- 
transfer hybridization technique and cloned HBV DNA as a 
probe, we have now demonstrated that the viral DNA is 
integrated in the cellular genome both in tumour tissue and ina 
hepatoma cell line. 

Tumoral tissue was an autopsy sample obtained from a 53 yf 
old man who lived in the savanna in the Ivory Coast (Ethnie 
Bete). HBsAg (subtype undetectable) and Anti-HBc were 
present “in the serum {as tested by  radioimmuno- 


assay: AusRIA-II and Corab, Abbott Laborfitories), HBV e 
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antigen (tested by immunodiffusion) and anti-HBsAg (tested by 
radioimmunoassay: Ausab-Abbott Laboratories) were absent 
from the serum. Immunofluorescence, using anti-HBsAg and 
anti HBcAg labelled with fluoresceine isothiocyanate’, was 
negative in the tumour tissue. Normal liver tissue from this 
patient was not available. 

The cellular DNA was extracted as described in Fig. 1 legend. 
Non-digested DNA and restriction fragments were analysed by 
agarose gel electrophoresis (Fig. 1a). We chose the restriction 
endonucleases EcoRI and HindIII because EcoRI cleaves the 
HBV genome once and HindIII does not cut any of the HBV 
genomes so far cloned*’. Cloned P-labelled HBV DNA was 
used as a probe to detect viral sequences’. As shown in Fig. la, 
hybridization of non-digested cellular DNA with the HBV 
probe occurred only in the high molecular weight (MW) DNA. 
Hybridization of the HindIII restriction fragments revealed the 
existence of five bands (Fig. 1a). Three bands corresponded to 
DNA fragments which migrated more slowly than the HBV 
genome and had MWs of 25,000, 19,000 and 12,000 respec- 
tively. Two bands of weaker intensity were located at the 
position of DNA fragments of MWs 3,200 and 2,400. Hybri- 
dization of the EcoRI restriction fragments revealed the 
presence of several bands (Fig. 1a). Three bands corresponded 
to DNA fragments of respective MWs 14,000, 8,000 and 6,500. 
Another particularly intense band was located at the position of 
the HBV genome. A similar pattern was observed with DNA 
extracted from tumour tissue of two other patients (Ivory Coast) 
with hepatocellular carcinoma (data not shown). No hybridiza- 
tion signal was observed with DNA extracted from a normal 
liver as a control (data not shown). 

We analysed in the same way DNA from the hepatoma cell 
line PLC/PRF/5 (a generous gift from Dr J. Alexander) which 
was derived from a human hepatocellular carcinoma and which 
produced HBsAg (subtype ad)'’. At the 100th passage, HBsAg 
was produced in the supernatant at a concentration of 
50 ng ml’. Hybridization of non-digested cellular DNA occur- 
red only in high molecular weight DNA (Fig. 15). Analysis of 
HindIII restriction fragments revealed the presence of five 
bands of MWs 24,000, 17,000, 12,000, 6,500 and 4,200, 
respectively. Analysis of EcoRI restriction fragments revealed 
the presence of eight bands; one of these was intense and 
corresponded to a DNA fragment of MW 3,000 (Fig. 1b). The 
DNA pattern was identical at the 100th and 140th passages. 

Taken together, these results demonstrate the integration of 
HBV DNA sequences in the cellular DNA of both the tumour 
tissue and the cell line. Our results differ from those of another 
study of human tumour tissue in which only free viral DNA was 
detected**. However, our results obtained with the cell line 
PLC/PREF/5 are in agreement with those observed recently by 
Marion et al.'', although the number and size of the restriction 
DNA fragments are different. The presence of several sharply 
delineated bands in the HindIII pattern of the tumour tissue 
(Fig. 1a) suggests the existence of a limited number of integra- 
tion sites in the cellular DNA. These results are consistent either 
with the development of the liver tumour from one clone with 
several integration sites or with its development from a few 
clones each having particular integration sites. The difference in 
intensity of the bands could reflect a variability of the number of 
viral genomes or of the viral DNA length in the different 
integration sites. The very intense band located at the same 
position as that of HBV genome in the EcoRI pattern of the 
tumour tissue is not present in the non-digested DNA pattern. 
This result is consistent with the presence of two or more whole 
viral genomes inserted in tandem head-to-tail. The presence ofa 
very small quantity of free viral DNA cannot be ruled out by our 
experiments. 

The presence of integrated HBV DNA sequences in both the 
human hepatocellular carcinomas and in the cell line reinforce 
the interest of these two results. Indeed, the Alexander cell line 
produces HBsAg, possesses characteristics of malignancy” and 
induces tumours in mice that are similar to human hepatoma”. 
Demonstration of the integration of HBV genome in cellular 





Fig. 1 The liver tumorous tissue is a postmortem sample obtained 6 h after 
death and kept frozen in liquid N,. Tissue was pulverised in liquid N,, then 
transferred into lysis buffer (Tris-HCI 10 mM, pH 7.8, NaC! 10 mM, SDS 
0.5%, EDTA 10 mM) and digested with 500 pg ml ' of Pronase (Boeh- 
ringer) at 37°C for 2h. DNA was extracted with phenol/chioroform, 
dialysed, treated with 100 g ml‘ of RNase A (Boehringer) and dialysed. 
Cellular DNA of the cell line was extracted by the same procedure using the 
same lysis buffer. The extracted DNA had an average MW of 100 x 10°. 
Digestion with restriction endonucleases EcoRI (Biolabs) and Hindlll 
(Biolabs) was carried out at 37 °C for 8 h using 2 units of the enzyme for | pg 
of DNA and the appropriate reaction mixtures. Digestion products were 
precipitated with ethanol, dissolved in electrophoresis buffer (Tris-HCl, pH 
7.8. 40 mM, sodium acetate 5mM, EDTA 10mM) and 0.2% agarose 
beads'*, Electrophoresis was carried out in 0.8% agarose gels for restricted 
DNA and 0.4% gels for non-digested DNA using horizontal slabs of 20 cm 
long and 0.5 cm thick at 1 Vcm~' for 24 h. DNA was then transferred to 
nitrocellulose filter by a modification of the Southern technique described by 
Wahl er al.'*. The filter was hybridized using cloned HBV DNA* as a probe 
and the nick-translation procedure'®. [a-**P}dCTP (Amersham, 2,000 Ci 
mmol! and [a-"?P]d TTP (Amersham, 2,000 Ci mmol ') were used and the 
probe yielded a specific activity of 4 x 10* c.p.m. per ug. The hybridization 
procedure used dextran sulphate as described by Wahl et al. 15, 5 x 10° c.p.m. 
of probe was added to each filter. The nitrocellulose filter was autoradio- 
graphed with preflashed Kodak X-Omat R film in the presence of a Dupont 
Lightning Plus screen. a, Tumour tissue: lane 1, 30 ug of non-digested 
cellular DNA; lane 2, 80 pg of cellular DNA digested with HindIII; lane 3, 
80 ug of cellular DNA digested with EcoRI; lane 4, 30 yg of cellular DNA 
from normal liver cells mixed with 10 pg of cloned HBV DNA. b, Cell line 
PLC/PRF/5: lane 1, 20 yg of cellular DNA digested with HindIII; lane 2, 
20 wg of cellular DNA digested with EcoRI; lane 3, 10 pg of cloned HBV 
DNA; lane 4, 20 ug of non-digested cellular DNA. Cloned HBV DNA 
digested with BamHI and AplacScl857S7 DNA digested with HindIII were 
used as molecular weight markers. 


DNA is an additional argument for HBV as a factor in human 
hepatocellular carcinoma, Until now, integration of viral DNA 
in the genome of human tumours has only been confirmed for 
Epstein-Barr virus in Burkitt's lymphoma and some naso- 
pharyngeal carcinomas'*. Our observation is another example 
of such a relationship between a DNA virus and human cancer. 
However, the demonstration of integrated HBV DNA 
sequences is not sufficient to assert the role of HBV in the onset 
of human primary liver cancer. Additional studies should 
compare the pattern observed in non-tumorous and tumorous 
liver cells. 

We thank Professors Attia, Beda, Loubienes and Drs 
Carsuzaa, Condat and Soubeyran for providing autopsy 
samples, Professor Benhamou and Mr Roland Nageotte for 
helpful discussion, and Miss Michelle Fonck for technical assis- 
tance. 
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Hepatitis derived from hepatitis B virus (HBV) infection is 
endemic throughout the world, but it is particularly prevalent in 
Asia and Africa’. In these areas, demographic studies show a 
strong coincidence between HBV infection (assayed by HBV 
antigenic markers) and the incidence of primary liver cancer. On 
these grounds, a causal link between HBV infection and primary 
hepatocellular cancer has been proposed’. Recently, a human 
hepatoma cell line (PLC/PRF/5; Alexander cells) has been 
shown to produce hepatitis B surface antigen (HBsAg). We 
show here that the Alexander cell line contains at least six (four 
complete and two partial) hepatitis B viral genomes integrated 
into high molecular weight host DNA. An analysis using specific 
probes to fragments of the HBV genome suggests that integra- 
tion of the virus in most cases occurs at the nicked cohesive end 
region of the virus. Expression of viral sequences using Northern 
blots demonstrates the presence of RNA transcripts specific for 
the surface antigen sequences of HBV DNA and the absence of 
detectable transcripts corresponding to the hepatitis B core 
antigen. 

The study of the possible role of HBV in cell transformation 
has been hampered by the lack of an in vitro system for pro- 
pagation of the virus. However, with the Alexander cell, which is 
derived from a hepatoma obtained from a male individual from 
Mozambique, HBsAg accumulates in the media as characteristic 
22-nm particles”’. The HBsAg of Alexander cells is identical to 
that isolated from HBV carriers and contains the unglycosylated 
and glycosylated forms of HBsAg protein (molecular weights 
(MWs) 25,000 and 29,000, respectively)**. In contrast, the 
Alexander cells do not produce hepatitis B core antigen 
(HBcAg; MW 19,000"), the cryptic HBeAg™ or free virus 
(Dane particles)'', The presence of the endogenous Dane 
particle DNA polymerase that fills in the partially single-stran- 
ded region of HBV DNA to generate a double-stranded circular 
structure with cohesive ends'* has not been tested. These cells 
show typical epithelial cell growth and exhibit many of the 
functions of liver cells. They also induce HBsAg-positive 
tumours in nude mice”. 

We have examined the physical state and expression of the 
HBV sequences in Alexander cells using the techniques 
developed by Southern for DNA analysis'*, ‘Northern’ blots for 
RNA analysis'* and nick-translated cloned HBV sequences as 
probes’. Figure 1 shows the hybridization with the cloned HBV 
DNA probe to HindIII, EcoRI and HindIII—EcoRI digestions of 
high molecular weight DNA prepared from Alexander cells. 
The autoradiograph shows the presence of several large DNA 
fragments that hybridize with the probe. HindIII digestion (lane 
2) yields at least six hybridizing bands, ranging from 4.2 to >30 








1.4— Bondi 





Fig. 1 Hybridization of **P-labelled HBV DNA probe to EcoRI (lane 1), 
HindIII (lane 2) and HindI11-EcoRI (lane 3) digests of Alexander cell DNA; 
standards were derived from cloned HBV DNA (lane 4, 3,200 and 1,400 
base pairs), EcoRI-digested normal human liver DNA (lane 5), EcoRI- 
digested chronic hepatitic liver DNA (lane 6) and Dane particle DNA made 
double stranded by endogenous DNA polymerase reaction (lane 7). DNA 
was prepared from Alexander cells by suspending 0.5 ml of packed cells in 
5 ml of 10 mM Tris-HCI ( pH 7.4), 10 mM NaCl and 2 mM EDTA -Na,. SDS 
and proteinase K were then added slowly to 2.5% and 0.1%, respectively. 
The solution was incubated for 18-24 h at 37 °C, extracted once with phenol, 
once with chloroform/isoamyl alcohol (24:1) and precipitated with two 
volumes of ethanol. The precipitate was resuspended in 5ml of the same 
buffer, RNase A and RNase TI added to 40qgml°' and 10 up mi‘, 
respectively, and digested for 1 h at 37 °C. The phenol and chloroform/iso- 
amyl alcohol extractions were repeated, and the DNA precipitated with 
ethanol and resuspended in 10 mM Tris-HCl, pH 7.4/and 1 mM EDTA. 
DNA from liver samples was prepared in an identical manner except the 
tissue was homogenized briefly with a Teflon homogenizer before the 
addition of SDS and proteinase K. Dane DNA was made completely double 
stranded and extracted according to Landers er al.'*. Restriction enzyme 
(New England Biolabs) digests were carried out according to the manufac- 
turer's instructions, Completion of digests was monitored by addition of | ug 
of A DNA to a small fraction of the digest anc digested DNA was pre- 
cipitated with ethanol. The samples were run on 1% agarose gels. DNA was 
transferred to nitrocellulose filters according to Southern '* and hybridized to 
nick-translated’* HBV probe in the presence of 10% dextran sulphate**. 
Numbers on the left-hand side indicate the fragment sizes in kilobase pairs 


kilobases. The unit length in all six is greater than that of the 
HBV DNA (3.2 kilobases). As there are no HindIII sites in any 
of the cloned HBV sequences reported, the data suggest at least 
six different sites for the integration of HBV DNA into host cell 
DNA. There is no detectable free viral DNA at 3.2 kilobases: 
this is consistent with the lack of virus production of these cells. 
This pattern of hybridization is observed in Alexander cells after 
many passages in tissue culture and also in recloned populations 
of the cells. Thus, the multiplicity of bands does not reflect cell 
heterogeneity. 

EcoRI digestion (Fig. 1, lane 1) produces a series of 10 bands 
ranging from 2.4 to 9.5 kilobases with a particularly intense 
band at 3.0 kilobases. As HBV DNA contains a single EcoRI 
Site, it is expected that EcoRI digestion would give twice as many 
hybridizing fragments as HindIII-restricted DNA, Ten rather 
than twelve bands were observed. This discrepancy may be the 
result of overlap of bands at the 3.0 kilobase band, as an analysis 
using a more highly resolving gel system shows that there are 
multiple bands in this region (data not shown). Figure 1 also 
shows the results of a similar analysis of HBV viral DNA (lane 
7), normal human liver DNA (lane 5) and DNA from the liver of 
a chronic hepatitis patient (lane 6). No hybridization signal was 
detected in the DNA from normal liver; thys, there are no 
sequences closely related to HBV DNA in the normal human 
genome. Hybridization characteristic of free viral DNA was 
detected from the DNA of a chronic hepatitic liver. 


0028-08 36/80/3 10535—04$0 1.00 


© 1980 Macmillan Journals Ltd 


AAT OA RAEN RARE INTHE ANT HOMER EE tr ttt A te i ae bat treet a: 


Nature Vol. 286 31 July 1980 





To determine the fraction of HBV information retained in 
each of the six integrated viral sites, we hybridized Alexander 
DNA with fragments of HBV DNA. Cloned HBV DNA was 
digested with a combination of restriction enzymes to yield a 
series of fragments each representing roughly one-sixth of the 
viral genome. Figure 2a and b show the source of these frag- 
ments and their positions within the viral genome. These frag- 
ments were purified by polyacrylamide gel electrophoresis, 
individually nick translated and hybridized with HindIII-diges- 
ted Alexander DNA. Autoradiographs of these hybridization 
reactions are presented in Fig. 3a and summarized in Fig. 2c. 
Hind ill digestion generates the six fragments which presumably 
contain full-length integrated HBV sequences. Four of the 
bands (30, 27, 18 and 5.7 kilobases) hybridize with all the 
probes; thus, each contains a major fraction of the HBV 
genome. However, the 10-kilobase band HindIII fragment does 
not hybridize with the Bg/ 3 probe (see Fig. 2 legend) and the 4.2 
kilobase HindIII fragment does not hybridize with the Bgl 3 and 
Bgl 2 probes and therefore contain partial HBV genomes. The 
absent sequences of both partial genomes are in the region of the 
core antigen gene. The apparent deletion of HBV information in 
the 10- and 4.2-kilobase fragments could also be explained by 
the presence of additional HindIII sites in these two integrated 
copies. This would generate an additional HindIII fragment 
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Fig. 2 Source of HBV DNA fragment probes and summary of hybridiza- 
tion to Alexander cell DNA digests. a, Restriction map of cloned HBV DNA 
linearized by EcoRI'*,; b, fragment probes used in the hybridization reac- 
tions, Cloned HBV DNA was digested with BamHI and EcoRI, and the 
1,800- and 1,400-base pair fragments purified by agarose gel electro- 
phoresis and electroelution. The 1,800-base pair fragment was digested with 
Aglll to yield fragments Bg! 1-Bgi 3 and the 1,400-base pair fragment with 
Alul to yield Alu 1~Aly 3. Fragments derived from these digests were 
purified by polyacrylamide gel electrophoresis and individually nick trans- 
lated. The sizes of the various fragments (in base pairs) are: Alu 1, 714; 
Alu 2, 344: Alu 3, 242; Bel 1, 789; Bel 2, 584; Bgl 3, 421. c, Summary of 
hybridization of fragment probes to HindIII-digested Alexander cell DNA. 
The sizes (in base pairs} of Hindili fragments hybridizing to the entire HBV 
probe are given on the left. A solid bar represents a positive hybridization 
result and absence of a bar represents no hybridization to the same regions as 
shown in a and b. For example, the 10-kilobase HindIII fragment of 
Alexander cell DNA does not hybridize to the Bgl 3 probe. d, Summary of 
hybridization of fragment probes to EcoRI-digested Alexander cell DNA. 
Asinc, EcoRI fragment size is given on the left. A solid bar represents strong 
hybridization, a dashed bar weak hybridization. Two patterns of hybridiza- 
tion are evident. The 9.5-, 6.0-, and 2.4-kilobase bands hybridize from the 
EcoRI site through Me surface antigen gene with the Bg/2 region and the 
6.6-, 3.7- and 3.4-kilobase bands hybridize from the EcoRI site through the 
core gene into Bgl2. Anomalous hybridization is observed in the 3.9-, 3.0- 
and 2.4-kilobase bands. 


hybridizing to the apparently deleted regions. No such frag- 
ments were detected. 

The orientation of HBV DNA sequences within the Alex- 
ander genomic DNA has been studied by hybridizing the specific 
probes to EcoRI-digested Alexander DNA (Fig. 3). As there is 
a single EcoRI site in the viral genome and assuming that 
integration is not random with respect to the virus, two patterns 
of hybridization should be observed, one hybridizing to frag- 
ments of HBV from the HBV EcoRI site clockwise to the region 
of integration, and the other pattern going counterclockwise. As 
summarized in Fig. 2d , two such patterns are obtained. One 
hybridizes from the EcoRI site through the surface antigen gene 
to a region approximately 1,600 base pairs from the EcoRI site; 
the other hybridizes approximately 1,600 base pairs in the 
opposite direction. Thus, EcoRI cleavage essentially bisects the 
integrated genome. This places the integration site in the region 
of the cohesive end region of Dane DNA”. There are three 
exceptions to this general pattern. One is the 3.9 kilobase 
fragment that hybridizes to both sides of the EcoRI site in one of 
the integrated regions. Another exception is the 2.6 kilobase 
band hybridizing only to a small region of HBV. This probably 
arises from the integration of a partial HBV genome. Finally, the 
3.0 kilobase band apparently hybridizes with all regions of the 
genome. The hybridization intensity varies with different probes 
and is particularly weak with the Bgl 3 probe. The width of the 
band also varies, being nearly resolved into two bands using Alu 
1 as a probe and appeating as a single band using Bgl 1. As this 
band may be resolved into three bands, it is possible that the 
anomalous hybridization in this region is due to a multiplicity of 
bands representing a combination of fragments having the two 
hybridization patterns. Other possible explanations are tandem 
integration of the virus or the loss of an EcoRI site in one of the 
viral copies coupled with the presence of EcoRI sites flanking 
the viral sequences. 

The orientation of HBV integration may be responsible for 
the selective pattern of HBV gene expression in these cells. An 
analysis of the expression of HBV was carried out by hybridiza- 
tion of HBV probes to poly (A)-enriched Alexander cell RNA 
fractionated into size classes by electrophoresis in denaturing 
conditions'®. This RNA was transferred to diazotized paper as 
described by Alwine et al’*. and then hybridized with cloned 
HBV DNA probe (Fig. 4). The predominant hybridization 
signal is a high molecular weight RNA approximately the size of 
18S ribosomal RNA(~2,000 bases). This band hybridizes 
specifically to the Alu 1 fragment (see Fig. 2 legend) of the HBV 
genome that contains the surface antigen gene but includes 300 
base pairs 5’ to the gene (the Bgl A probe, see Fig. 4 legend) and 
700 base pairs 3’ to the gene (the Bgl B probe). This major 
transcript does not hybridize to the Bgl 1, Bgl 2 or Bgl 3 probes, 
demonstrating the absence of core antigen-specific transcripts. 
These studies suggest that at least 1,500 base pairs of the HBV 
genome hybridize to the transcript. As this is smaller than the 
total transcript, additional sequences may be contributed by 
transcription of sequences of the Alexander genomic DNA 
and/or by poly (A) addition. HBV probes also hybridized to 
larger and smaller RNA sequences than the major transcript. 
This hybridization is HBV-specific as negligible background is 
observed in the hybridization of HBV DNA to uninfected liver 
RNA (data not shown). The HBV-related RNA which is larger 
than the major transcript is obviously of considerable 
significance because it must represent either a precursor to the 
approximately 2,000-base major transcript or an independent 
transcript(s). The lower molecular weight material probably 
represents processing or degradation of the major transcript, as 
is seen in other systems. 

Others have previously investigated the question of HBV 
integration into the host cell genome. Summers et al.’ studied a 
series of six hepatomas using nick-translated HBV DNA. They 
concluded that some of the tumours contained HBV DNA but 
that none contained integrated virus. Marion ef al. have 
recently reported the integration of HBV in Alexander cells. 
They detected only three HindIII fragments hybridizing to total 
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HBV probe, roughly corresponding to the lower three bands 
found in Fig. 1, lane 2. The source of this discrepancy is 
uncertain; however, it is not a result of partial cleavage by 
restriction enzymes in our experiments. The present experi- 
ments demonstrate that HBV sequences are integrated into a 
minimum of six different sites in Alexander cell DNA. The 
results suggest that the nicked cohesive end region of HBV 
DNA coincides with the region of integration of at least several 
of the HBV fragments. A circular structure with terminally 
redundant ends has been suggested as the precursor to integra- 
tion in retroviruses, known integrating viruses*'**. Such a 
structure could be formed in HBV by repair of the nicked region 
with the endogenous polymerase activity, resulting in a structure 
that contains a terminally redundant sequence. 

Integration of HBV in a malignant cell does not imply that the 
virus is the oncogenic agent. However, viral transformation is 
usually associated with the integration of viral sequences into 
host chromosomal DNA. If HBV is an oncogenic virus, the 
transformation event producing the Alexander cell might have 
involved the gene product HBsAg or be some function of the 
integration of HBV. Analysis of the integration of HBV in other 
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Fig. 3 Hybridization of HindIII (a) and EcoRI (b) digests of Alexander 
DNA with probes representing fragments of HBV DNA. Digestion products 
were run on 0.8% agarose gels and blotted to nitrocellulose filters. Indivi- 
dual lanes were cut out and hybridized to probes derived from cloned HBV 
DNA. The various probes are described in Fig. 2a,b. pHBV represents probe 
prepared from the entire HBV sequence. These hybridizations are sum- 
marized in Fig. 2c,d. Fragment sizes are indicated in kilobase pairs, 
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Fig. 4. Hybridization of poly(A)-enriched Alexander cell RNA with ™*P- 
cloned HBV DNA fragments. RNA was isolated from Alexander cells by the 
method of Chirgwin et al.** and passed once over oligo(dT)-cellulose. This 
RNA was run on a methyl mercury agarose ge! and transferred to diazotized 
paper as described by Alwine ef al.**. Individual lanes were cut out and 
hybridized to the various probes as shown in Fig. 24. In addition, two other 
probes were used: Bgl A was derived from Bgl | and represents a 100-base 
pair fragment adjacent to the EcoRI site, and Begi B is derived from Bel 2, 
being 100-base pairs from the BamHI site. RNA lane shows an ethidium 
bromide stain of the gel before transfer 


hepatomas, as well as efforts to obtain the expression of the 
HBsAg gene in mammalian cells, may help to clarify this issue. 
However, the putative role of HBV in transformation itself will 
be greatly facilitated by the development of an in vitro cell 
system that is capable of propagation and integration of the 
virus. 
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Defective synthesis of specific polypeptide chains of haemoglo- 
bins is the hallmark of human disorders known collectively as 
the thalassaemia syndromes’. Genetic lesions intimately linked 
to or within the globin genes are responsible for these condi- 
tions. Recently, the molecular basis of several forms of thalas- 
saemia has been clarified by examination of the organization and 
structure of globin genes. Gene mapping studies using the gel 
blotting technique of Southern’ have revealed an array of 
deletions involving globin structural genes in thalassaemias*’” 
and nucleotide sequencing has identified a point mutation 
responsible for thalassaemia in one individual’®. In most æ- 
thalassaemias, deletion of entire a-globin structural genes has 
been observed’. In specific forms of 8 -thalassaemia in which 
-globin chain expression is affected (68 -thalassaemia, ydB- 
thalassaemia and hereditary persistance of fetal haemoglobin 
syndrome), various deletions within the cluster of closely linked 
y- 6- and B-globin genes occur*”. In some Asian Indian 
individuals with 8°-thalassaemia, an internal deletion in the 
DNA involving the 3'-portion of the B-globin gene has been 
described'*”, Lastly, in one Chinese patient with B°-thalas- 
saemia, a nonsense mutation within the B-sequence has been 
identified'’. We now report a new genetic lesion present in some 
individuals with a-thalassaemia: an extensive deletion of the 5' 
portion of the a-globin structural gene. This defect has been 
characterized by DNA sequence analysis of cloned a-thalas- 
saemia genes. 

in normal humans the a-globin structural genes are dupli- 
cated and closely linked’*. By gel blotting experiments these 
genes have been localized to a 22.5 kilobase fragment of 
genomic DNA generated by the restriction enzyme EcoRI. In 
a-thalassaemic DNA samples, several different alleles of the 
normal complex are observed. These include EcoRI fragments 
of 22.5, 18-20 and 2.6 kilobases in length’*'°. The 22.5- 
kilobase fragment, grossly normal by restriction mapping, 
contains two structural genes, one of which is presumed to be 
functionally abnormal on the basis of its presence in some 
individuals with HbH disease a-thalassaemia, a condition in 
which only one functional a-globin gene exists. The 18-20- 
kilobase fragment contains a single a -gene that most commonly 
arises due to non-homologous crossing-over within the region of 
the duplicated structural genes. We focus here on the 2.6- 
kilobase fragment? identified only in several individuals with 
HbH disease originating from the Mediterranean basin. On the 
basis of DNA-DNA hybridization’**, this fragment seemed to 


0028-0836/80/3 10538-—-03$01.00 


contain at most a single w-globin structural sequence. To 
characterize this novel restriction fragment in detail, we have 
cloned it in bacteriophage A vectors from two unrelated indivi- 
duals with a-thalassaemia and analysed its structure by restric- 
tion mapping and DNA sequencing. 

The a -specific 2.6-kilobase fragments were cloned from these 
two individuals by different strategies. The lymphocyte DNA of 
patient 1 (HbH disease genotype: 18-20 kilobases/2.6 kilo- 
bases'’) was digested with EcoRI and fragments of 2.2-2.8 
kilobases were isolated by preparative agarose gel electro- 
phoresis. This enriched DNA fraction was ligated to the outer 
arms of phage AgtWES (ref. 17) and packaged in vitro into 
viable phage’, and recombinants were screened by the plaque 
assay method of Benton and Davis’ using total (a +8) *’P- 
labelled globin cDNA as probe. Positive phages were then 
rescreened using nick-translated DNA from the plasmid a- 
cDNA clone JW1017°. Among approximately 3 x 10° recom- 
binants, one a -globin-specific phage was isolated. Analysis of its 
DNA indicated that, in addition to a 2.6-kilobase fragment, at 
least two other DNA fragments in the 2—3-kilobase size range 
were present. The 2.6-kilobase fragment was recloned in A 
Charon 16A (ref. 21) free of these other human fragments. This 
phage was designated AaT1(2.6). A ‘library’ of the lymphocyte 
DNA of patient 2 (HbH disease genotype: 22.5 kilobases/2.6 
kilobases) was prepared in ACharon 4A (ref. 21) by the pro- 
cedure of Kemp et al.”. Screening of this library constructed 
from partial EcoRI* digestion fragments yielded several a- 
specific phage containing the 2.6-kilobase fragment. From one 
such -isolate the 2.6-kilobase fragment was subcloned in A 
Charon 16A and designated AaT2(2.6). | 

Gel blotting of these recombinant phage with a -globin probes 
specific for sequences either 5’ or 3’ to the Hind site normally 
present at the codons for amino acids 90/91 of the a- 
sequence'*?? demonstrated that coding sequences from both 
regions were present in the 2.6-kilobase EcoRI fragment (Fig. 
1). Additional restriction mapping immediately raised questions 
regarding the nature of the cloned globin gene. For example, 
cleavage sites for Mboll and Taql located normally in the 
a-sequence within the 5’-untranslated region and at the codons 
for amino acids 46/47 (ref. 23), respectively, were not present in 
the anticipated positions 5’ to the intragenic HindIII site (Fig. 2). 
Taqi and Mboll sites located approximately 55 and 170 base 
pairs 3' to the HindIII site were located within what was found to 
be an intervening sequence of approximately 150 base pairs 
within the cloned a-thalassaemia gene (see below and Fig. 2). 
The presence of these latter restriction sites in this a -globin gene 
is in accord with recent findings regarding intervening sequences 
of cloned normal human a-genes**. In agreement with our 
previous mapping of genomic DNA, BamHI and Hpal’”, as well 
as Sacl and BglII, did not cut the 2.6-kilobase fragment. 

To determine the nature of the cloned globin gene and to 
localize the lesion responsible for thalassaemia in this instance, 
DNA sequencing was carried out using the chemical degrada- 
tion method of Maxam and Gilbert’’. The sequencing strategy 
and a partial sequence of the gene from approximately —170 to 
+60 base pairs relative to the intragenic HindIII site are shown 
in Figs 2-4. The nucleotide sequence predicts the correct a- 
globin amino acid sequence from amino acids 57 to 99. An 
intervening sequence, the initial portion of which is shown, 
interrupts the coding sequence after codon 99, as is the case in 
the mouse a -globin gene” and probably also the normal human 
a -globin genes”. There is an abrupt loss of the a -globin coding 
sequence 5’ to codon 57 (Figs 3, 4). The DNA sequence of this © 
region does not encode any globin-like polypeptide. In fact, it 
contains a termination codon (UGA) at the position expected 
for codon 48. Gel blotting experiments (not shown) did not 
reveal any hybridizable a-globin sequences 5’ to the Hin fI site 
depicted in Fig. 2, therefore indicating that the missing 5’ 
portion of the a-sequence is not contained within the cloned 
2.6-kilobase fragment. Additional DNA sequencing, to be 
reported elsewhere, has revealed a complete a -globin sequence 
for codons 100-141 following the intervening sequence as well 


© 1980 Macmillan Journals Ltd 





Nature Vol. 286 31 July 1980 


EtBr Blot 


0.75 = 





Fig. 1 Gel blotting of AaT1(2.6) DNA with 5'- and 3'-specific 
a-probes. Recombinant phage DNA (0.5 ug) was digested with 
EcoRI alone (lanes a,c) or EcoRI + HindIII (lanes b, d, e) and 
electrophoresed in 1% agarose. Ethidium bromide (EtBr) staining 
of the DNA is shown in lanes a,b. Lanes c,d,e represent hybridiza- 
tion to 5'+3'-specific, 5'-specific and 3'-specific a-globin DNA 
probes, respectively. 5'+3’-specific probe was prepared by nick 
translation of plasmid JW101 DNA?°. Probes specific for a- 
sequences 5’ and 3’ to the intragenic HindIII site were prepared 
from JW101 DNA digested with HindIII, as described by Embury 
etal.*. The sizes of fragments resulting from digestion of the cloned 
segment are shown in kilobases. Gel blotting of AaT2(2.6) DNA 
yielded identical results. 
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as the presence of a 3'-untranslated region exhibiting several 
scattered single nucleotide changes from the published normal 
mRNA sequence”. Whether these changes reflect previously 
unrecognized sequence polymorphisms within a-globin genes 
or sequence divergence from normal in these a-thalassaemia 
genes is uncertain at present. Thus, the striking feature of the 
structure of the a-globin gene present in the 2.6-kilobase frag- 
ment is the absence of the 5'-untransiated region and codons 
1-56. 

Two observations show this structurally abnormal globin gene 
is not an artefact of cloning. First, the identical deletion has been 
observed in the fragment cloned from unrelated individuals by 
different cloning strategies. Furthermore, several independent 
recombinant phages with the same structure of the 2.6-kilobase 
fragment have been isolated from the ibrary constructed from 
the DNA of patient 2. The precise reoroducibility with which 
this fragment has been isolated argues strongly against its acci- 
dental creation during the cloning procedures. Second, in gel 
blotting experiments, the 2.6-kilobase EcoRI fragment of 
genomic DNA of these patients hybridizes in the presence of a 
vast excess of unlabelled JW101 DNA with probe prepared 
from the portion of the 2.6-kilobase fragment 5' to the 
intragenic HindIII site (not shown). Thus, sequences 5’ to codon 
57 in the cloned fragment reside in the same location in genomic 
DNA. 

The 2.6-kilobase fragment, therefore, seems to have arisen by 
a deletion originating 5’ to a normal a-zlobin gene. In theory, a 
large insertion of DNA within the cod ng segment of the gene 
might have occurred. In this case, the missing 5’ portion of the 
a-gene would be located elsewhere in the genome and be 
represented in gel blotting experiments as an additional restric- 
tion fragment. As analysis of genomic DNA of individuals with 
the 2.6-kilobase EcoRI fragment has aot revealed such addi- 
tional hybridizing bands’*"’®, a deletion rather than an insertion 
of DNA is the likely origin of this structurally abnormal globin 
gene. Note that this is the first partially deleted globin gene in 
which the deletion terminates within the coding region. In the 
partial deletion of 5-globin sequences in one form of ôg- 
thalassaemia® and of B-sequences in B°-thalassaemia'®”” the 
deletions end within the large intervening sequences. On the 
basis of its distance from the 3' EcoRI ste'*™* and the presence 
of specific restriction sites in its 3'-flank ng region (for example, 
extragenic Xbal site*’), the a-globin sequence of the 2.6-kilo- 
base fragment is probably derived from the 3'-a-globin gene of 
the normal duplicated complex. 

By gene cloning, Lauer ef al.** have determined the 
arrangement of a-like globin genes in normal human DNA as 








Fig. 2 Restriction map of the 2.6-kilo- kb O | i ? 

base cloned fragment and the strategy for EcoRI Taq! Hdi Mbit Xbol mbil EcoRt 
DNA sequencing. The map of the cloned a a 
2.6-kilobase fragment of AaT1(2.6) 


(upper portion) was constructed from the 
results of gel blotting and partial restric- 
tion mapping by the method of Smith and 
Birnstiel’, after end-labelling of the 
HindIII site. The expanded segment 
below indicates the region of the cloned 
insert that was sequenced by the method 
of Maxam and Gilbert”. The solid dots 
indicate the fragment ends that were Hdl  Hpoll "i 








Toq! 
labelled. Single arrows indicate fragments ga 1 p 
labelled at the 5' end with [**P-y]ATP by A r 
polynucleotide kinase™*. Double arrows Codon 57 Codon 99 
indicate fragments that were 3' labelled 
with [°*P-a JdNTPs by the action of the hate: ee eee 
Klenow fragment of Escherichia coli SSF EEEE @ cccccesteees Å 
DNA polymerase. The solid portions of — -100 -50 o +50 


these arrows indicate those regions for 
which unequivocal sequences for each ie 
fragment were obtained. HdIII = HindIII; MbII = Mboll; IVS = intervening sequence. The filled boxed regions indicate globin coding regions. 


The open boxed area represents the nearly 150-base pair intervening sequence present in the cloned gene. 3'-Untranslated sequences are shown 
by the cross-hatched area. The cloned fragment is orientated with its 5’ end to the left. 
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Cloned Gene TGGAATCTTAGCACTTTGGGAGGCCAAGGTGGGATGGTCACTTGAGCCTGGGAGTTCAAGACCAGCCTA 
AGGTG } 
a-Globin LeuSerPheProThrThrlveThrTyrPheProlisPhedepLewsertieClySerAlaGinValiyeGlyHieGlylyelyavet Fig.3 Partial nucleotide sequence of the 
48 57 2.6-kilobase fragment. The nucleotide 
. ‘l i e 
a- mRNA CUGUCCUUCCCCACCACCAAGACCUACUUCCCGGACUUCGACCUGAGCCACGGCUCUGOCCAGGUUAAGGGCCACGGCAAGAAGCUG Sequence of the portion of the cloned 
insert shown at the bottom of Fig. 2 is 
compared here with t i i 
Cloned Gene GCCGACGCGCTGACCAACGCCGTGGCGCACGT GGACGACATGCCCAAC GCGCTGTCCGCCCT GAGCGACCTGCACGCGCACAAGCT i oo DERA ” i aaa ar 
a-Globin AlaAspAlaLeuThrAsnAlaValAlaiisValAspAspMetProAsnálaleuSerAlaLeuSersspLeuliisi lalieLysbeu eq S HOLENE a -glo in 
ov) and a-globin mRNA“. The underlined 
a-Globin GCCGACGCGCUGACCAACGCCGUGGCGCACGUGGACGACAUGCCCAACGCGCUGUCCGCOCUGAGCGACCUGCACGCGCACAAGCLU segment 5’ to the position of codon 57 
does not resemble norma! a- or other 
GTGAGCGSCGGGCCGGGAGCGATCTGGGTCGAGGGG. . . . globin sequences. The nucleotide 
Cloned Gene CGGGTGGACCCGGTCAACTTCAAG ----- Intervening Sequence ------- sequence of AaT2(2.6) was identical in the 
a-Globin ArgValAepProValAenPhe Lys LeuLeuSeriiia CyeLeuleuVal Thrleudladla.... region shown here 
99 i 
a- mRNA CGGGUGGACCCGGUCAACUUCAAGCUCCUAAGCCACUGCCUGCUGGUGACCCUGGCOGCE. . . . 


5'-£2-£1-wWa 1-a2-a1-3' where {1 and {2 are embryonic a -like 
genes, Wal a non-functional a-like gene, and a1 and a2 the 
normal adult a-genes. Restriction maps of the ¢ and wal genes 
and their flanking regions do not resemble the pattern of sites 
within our 2.6-kilobase fragments at their 5’ ends. This suggests 
that the 5’ extent of the deletion responsible for the creation of 
the 2.6-kilobase fragment lies beyond the region mapped by 
Lauer et al.™ and therefore more than 25-30 kilobase upstream 
from the region of the normal a-globin genes. If this is the case, 
homozygosity for the 2.6-kilobase allele would result in defec- 
tive embryonic haemoglobin synthesis. This lethal form of 
thalassaemia might go undetected due to the early time at which 
fetal loss would occur. The true incidence of the thalassaemia 
gene studied here among Mediterranean individuals is not 
known. As we identified this gene in 6 unrelated individuals with 
HbH disease among 12 cases initially analysed’*, it cannot be 
exceedingly rare. We should anticipate, therefore, the discovery 
of fetal wastage due to homozygosity for this a-thalassaemia 
gene in populations in which it is prevalent rather than a hydrops 
fetalis phenotype’, the consequence of deletion of the adult 
a-globin structural genes without simultaneous deletion of 
embryonic a-like genes. 


Fig. 4 Sequencing gel 
of the region containing 
the deletion in 
AaT1(2.6). The 0.75- 
kilobase EcoRI/ HindIII 
fragment of AaT1(2.6) 
(Fig. 1) was 5' labelled at 
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the HindIII site and | Giy(57) 
subjected to the chem- 
ical degradation reac- I | His 
tions of Maxam and C G) 
Gilbert?*. The products Č Galy 
were electrophoresed in S 
a 0.38-mm thick 20% ~N T Ayu 
urea-acrylamide slab at Ng 
2,000 V for 24 h. T t Lys 
j { Val 
N C 
g Ala 
\3 
iT i Asp 
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Note added in proof: The 3'-untranslated region of the a- 
thalassaemia gene is that of the normal a1 gene. Therefore, the 
a-thalassaemia gene is derived from a1 and the normal a-globin 
genes differ in sequence in that region. 
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Errata 


In the letter ‘Mantle composition derived from the composition of 
lherozites’ by S. Maaloe and R. Steel, Nature 285, 321-322, the first line 
of paragraph 6 was omitted; it should read “The composition of the 
mantle generating abyssal tholeiite’. 


In the article ‘Sequence of retrovirus provirus resembles that of bacterial 
transposable elements’ by Shimotono et al., Nature 285, 550-554, in 
Fig. 2 legend it should read ‘Labelled termini are indicated by (}-)’ not 
(—) as shown. In Fig. 4 legend lines 21 and 22 should be omitted. 


In the News and Views article ‘Extra-pituitary actions of LHRH and its 
agonists’ by Richard M. Sharpe, Nature 286, 12-14, line 9 on page 14 
should be replaced by ‘LHRH has taught most of us to regard’ 
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THE author offers this book as an account 
of ‘‘botanical imperialism’’ and a 
historical-anthropological analysis of the 
role of the Royal Botanic Gardens, Kew, in 
the expansion of the British Empire. Her 
purpose is to demonstrate that nineteenth- 
century Kew was a ‘‘control centre’’, the 
directors of which conspired with the 
Government to press the botanical re- 
sources of the Earth, and of Latin America 
in. particular, into the service of British 
imperialism and the expansion of colonial 
rule, especially in Asia. Since she sees no 


redeeming facets in imperialism and 


colonialism, the tone of the book is over- 
whelmingly critical; and since both her 
objectives and her raw materials are 
restricted in scope, her presentation is out 
of balance. The broad sweep of Kew’s 
immense contribution to pure and applied 
botany, the foundations of which were laid 
in the nineteenth century, hardly emerges. 
About half of the book is devoted to 
setting the stage. An introduction, and a 
brief and superficial chapter on the 
political and economic history of the 
British Empire, are followed by an essay on 
the diffusion of domesticated plants 
around the world, which is offered as the 
‘primary. reason for the growth of human 
| population since 1492: 
Two chapters on the rowa a 
Organization of science in Britain in the 
eighteenth and nineteenth centuries in 
general (including its social and personal 
links with government}, and on the 
evolution of Kew and the overseas botanic 
gardens in particular, make much of class 
distinction and patronage; and so it is the 
more unfortunate that the Darwin- 
Wedgwood connection did not lead the 
author to ponder the relative roles of the 
Lunar and the Royal Societies. The special 
train which brought Wickham’s 70,000 
rubber seeds from Liverpool becomes an 
example of the power of authority serving 
imperial interest. - 

The next three chapters, on quinine, 
rubber and sisal, the core of the book, are 
= followed by a final ten pages containing a 
:¿ curious miscellany — the Crystal Palace as 
..asymbol of the common interests of feudal 
: landowners and the new industrialists 

(because Paxton had learnt to build 





“A.H. Bunting 


Science and Colonial Expansion: The Role 


Of the British Royal Botanic Gardens, By 


L.H. Brockway. Pp.215. (Academic: New 
York and London, 1979.) $21, £12. 


oles aca 


glasshouses at Chatsworth), leading on to 


the Palm House as a symbol of Kew’s 


overseas role, a resume of the history of 
British plant exploration and the growth of 
plantation industries, followed by some 
concluding remarks on the social function 
of science. _ 

Taken as a whole, the book anie in 
structure, ideas and language, an unpoli- 
shed and somewhat immature PhD thesis. 
It is a library study, supplemented by visits 


to Brazil and to Kew. Most of the 


references are to secondary sources, mostly 
from the social sciences, often written 100 
years Or more after the observations or 
events they review. A good A of the 
much dines Stylosanthes i 18 ied as a forage 
grass; the seed dispersal mechanism of 
Hevea cannot by itself explain the small 
density of trees of this genus in the 
Amazonian forest; Ficus elastica is not a 
vine; the significance of the monocarpic 
habit of Agave is misunderstood: and the 
nature of taxonomic work and the rules of 
priority in botanical nomenclature are 
misrepresented. If the biology is so unpro- 
fessional (and, moreover, written in a 


mixture of colloquial American and the 


metalanguage of an unfamiliar 
profession), what is the biological reader to 
think.-of the historical, economic and 
political material? 

In fact the historical material about Kew, 
and the details of the transfers of plant 
materials in the eighteenth and nineteenth 
centuries, seem to be accurate enough. 
Much of it will be sufficiently unfamiliar to 
be interesting to non-specialists. The inter- 
pretation of history is something else. It 


makes much of smuggling and other 
knavish activities (though the circum- 
stances in which Linnaeus’ herbarium was 
transferred to Britain have escaped re 
and of the 


author's censorious eye), 
‘conversion of knowledge to profit and 
power” 





by the British in suppor òf 
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imperialism. Thus Cmehona plantations 
were established im the Nilgiris, with seeds 
and plants spirited out-of the Andean 
countries, to aid control of malaria in the 
Indian Army in the aftermath of the 
Mutiny. Quinine then made it easier for the 
British to bring their families to live in India 
and so-to widen the social gulf between 
British and Indians. Kew organized the 
smuggling of rubber out of Brazil ~ 
though J.W. Purseglove (Tropical Crops, 
Dicotyledons p.49, Longman: London, 
1968) firmly rebuts this gloss on the events 
— for British military, industrial, 
commercial and | Other imperialist pur- 
poses. Kew is castigated for publishing, as 
scientific añd technical information, 
secrets ofthe botany and processing of sisal | 
which enabled Germany to obtain 
materials of a Mexican plant from a 
supplier in Florida in order to build a sisal 
industry in German East Africa which fell 
into Britain's lap when Tanganyika was 
mandated fo her after the First World War. 
The transfer of economic plant materials 
from one country fo another is consistently. 
treated as expropriation. While unique 
artefacts, ‘or mineral resources, can be 
expropriated, genetic resources are by their 
nature renewabie. Transferred plant 
materials can of course be used to produce 
improved varieties and build plantation 
industries: which may bring far greater 
advantages to foreigners than to the people 
of their countries of origin. This is but one 
of the many harsh features of the uneven 
development of nations. Plant resources 
canbe expropriated only where they are 
also eradicated in their country of origin, as _ 
the Dutch attempted to do with the clove. 
tree early in the seventeenth century. | 
The cynic could comment here that 
many plant species and. varieties are at 
present unlikely to be saved for posterity 
unless they are in part expropriated, since 
they are at severe and. increasing risk in 
their native lands. 
Many people toda 
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Kew 


arrogant self-righteousness of some nine- 
teenth-century attitudes towards Britain’s 
civilizing role among the lesser nations. We 
can well imagine that the destruction of 
indigenous weaving and metal industries in 
India, by imports from Britain, helped to 
provide a cheap labour force for plantation 


Gardens in the 1850s, showing the newly constructed Palm House 
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industries in India (and later elsewhere in 
tropical Asia) when none was available in 
tropical America. Indeed this was 
advanced in the early 1830s as an argument 
for establishing a tea industry in India (Tea 
Cultivation, India. House of Commons 
Papers 63, 1839). 
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To most, however, this will seem an 
unduly eclectic view. Rubber provides a 
significant part of the economic basis for 
political independence in Malaysia and 
Indonesia; Indian quinine in its time saved 
many lives throughout the world; sisal has 
brought foreign exchange and some 
employment to Tanzania; and Kew 
continues to provide valued services, 
including third-country quarantine, for 
many developing countries. 

Perhaps even more important are the 
personal and professional links, which 
include Kew and the Linnean Society, 
which hold together the large and active 
community of pure and applied botanists 
throughout the Commonwealth. 

All in all, then, an unsatisfactory book; 
and in view of the great potential interest 
of its theme, a disappointing one. C 





A.H. Bunting, formerly Professor of 
Agricultural Botany, is Professor of 
Agricultural Development Overseas in the 
University of Reading, UK. 





Krylov and the 
genesis 
of statistical physics 


Michael Berry 

Works on the Foundations of Statistical 
Physics. By N.S. Krylov. Pp.283. 
(Princeton University Press: Princeton and 
Guildford, UK, 1980.) Hardback $19.50, 
£10.80; paperback $7.50, £4.15. 


RECENT YEARS have seen real progress 
towards answering fundamental questions 
in statistical mechanics, thanks largely to 
the Russian school led by Kolmogorov and 
Sinai. Their work was stimulated by the 
thorough and imaginative studies of N.S. 
Krylov, who died in 1947 at the tragically 
early age of 29. With the publication of this 
book, Krylov’s works are at last available 
to English-speaking readers. 

Krylov emphasized the importance of 
explaining how systems relax to 
equilibrium, and indeed regarded this as 
the central problem of statistical 
mechanics. He shows that a sufficient 
condition for relaxation is that the system’s 
dynamics possess the property of mixing, 
which means that an initial patch of phase 
space (i.e. a group of systems) eventually 
spreads to cover the whole energetically 
available region in filamentary fashion 
(whilst preserving its area). Most previous 
work had concentrated on ergodicity, 
namely the property that a point in phase 
space (i.e. a single system) eventually 
passes arbitrarily close to every 
energetically available phase point. 
Ergodicity is a weaker property than 
mixing, and does not guarantee statistical 








behaviour. Krylov traced the source of 
mixing (at least for systems of colliding 
hard spheres) to instability of trajectories, 
i.e. the exponential divergence of 
neighbouring orbits. He employed this idea 
in an approximate calculation of relaxation 
times. Subsequent research has abundantly 
confirmed that this type of instability is 
indeed the source of unpredictable 
behaviour in causal systems. 

The book is not easy to read, because 


Developments in 
plant molecular 
biology 


Martin R. Hartley 
and R. John Ellis 


Nucleic Acids in Plants. By T.C. Hall and 


J.W. Davies. Vol.I pp.261, Vol.Il pp.237. 
(CRC: Boca Raton, Florida/Blackwell 
Scientific: Oxford, 1980.) Vol. 1 $64.95, 
£48.75; Vol. II $59.95, £44.75. 


THESE two volumes represent the only 
comprehensive treatise so far published in 
the area of plant nucleic acids, and reflect 
the upsurge in interest and the exciting new 
developments that have recently taken 
place in plant molecular biology. The aim 
of the books is to provide a detailed and 
critical appraisal of selected topics which 
include many current research interests in 
plant nucleic acids, as well as some related 
aspects of protein synthesis and genetic 
manipulation. The title ‘Nucleic Acids in 
Plants’’ has allowed the inclusion of 


Krylov’s repetitious style of writing makes 
it hard to hold the thread of his complex 
argument. Nevertheless, this is an 
important document, which should be 
studied by anybody seriously interested in 
statistical mechanics. A valuable feature of 
this book is an appendix by Sinai, outlining 
recent developments of Krylov’sideas. | 


Michael Berry is Professor of Physics at the 
University of Bristol, UK. 


contributions on viral, viroid and plasmid 
nucleic acids, which together with a 
chapter on gene manipulation by sexual 
and somatic cell techniques occupy Vol. II. 

Volume I deals with nucleic acids found 
in ‘healthy’ plants,with articles on nuclear 
genome organization (Walbot and 
Goldberg), chloroplast DNA (Tewari), 
RNA polymerases (Becker), tRNAs 
(Weil), rRNA (Leaver) and mRNA (Hall). 
The styles of these chapters vary con- 
siderably, from epic literature reviews to 
more personal accounts. For example, 
Weil’s 33-page article cites 432 references, 
while Tewari’s 65-page contribution cites 
only 62 and relies largely on the author’s 
own data. All of the articles are authori- 
tative and are mostly easily readable, 
although by the very nature of some of the 
topics under discussion it has not always 
been possible to avoid a catalogue 
approach. Particularly impressive are 
Walbot and Goldberg’s description of the 
intricacies of DNA reassociation kinetics in 
an intelligible fashion, and Becker’s critical 
and reasoned account of plant RNA poly- 
merases, in which he dispels many myths, 
including those about the action of plant 
growth substances at the transcriptional 
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level. Most articles contain fairly detailed 
sections on methodology, where advice is 
offered on the merits and limitations of 
different techniques. Although these sec- 
tions are not sufficiently detailed to enable 
the reader to repeat experiments, they do 
<+ provide valuable first-hand information of 
< a kind which is not usually given in original 
= papers or reviews, and therefore they 
should prove extremely useful for 
researchers entering the field. As is in- 
evitable in such books, the reviews are out 
of date by up to two years, especially in the 
field- of mRNA and chloroplast DNA 
_where little of the recent cloning work is 
| analysed. 
o Volume H contains chapters on plant 
DNA viruses (Hull), monopartite plant 
viruses (Zaitlin), multipartite and satellite 
plant viruses (Lane), the translation of 
plant viral RNA (Davies), viroids 
(Dickson), the crown gall phenomenon 
(Schell) and plant gene manipulation 
(Bingham). All are useful summaries of the 
state of the art at the time of writing, which 
_ varied from. 1976 to 1978 judging from the 
references. Studies. on plant viruses have 
not had the same impact on biology as have 
studies on bacteriophages and animal 
viruses, but several of the chapters stress 
their. potential importance for improve- 
ments in agriculture. However the overall 
impression given is that plant virology is 
poorly developed compared to its bacterial 
and animal counterparts; these articles 
show that there is a long way to go before 
such studies lead to major improvements in 
agriculture by direct genetic manipulation. 
Thus the chapter by Hull is entitled ‘The 
DNA of Plant DNA Viruses” but most of 
the detailed information is confined to 
cauliflower mosaic DNA. That by 
Bingham discusses the various methods 
proposed for the genetic manipulation of 
crop plants from a plant breeder’s point of 
view, and correctly stresses the severe 
nature of the problems to be overcome. His 
caseis not helped by the fact that the work 
referred to on p.218 on the expression of 
foreign DNA in cultured plant cells has not 
stood the acid test of reproducibility in 
other laboratories. The contributions by 
Zaitlin, Lane and Davies contain much 
detailed information on the isolation, 
characterization, synthesis and translation 
of plant viral RNAs. These chapters will be 
especially useful to those entering the field. 
The message stands out clearly that 
much more work of high quality is what 
plant virology needs before its full 
potential can be realized, and the latter 
volume should contribute towards this goal 
by informing and interesting young 
research workers. In this respect it is to be 
regretted that each slim book is so highly 
priced; 19p a page will deter many people 
from purchasing two useful volumes. | 





Partin R. Hartley and R. John Ellis are 
`. Lecturer and Professor respectively in the 
Department of Biological Sciences at the 
as dead of Warwick, UK, 
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Catalytic chemistry 
of palladium 





M.W. Roberts 


Palladium Catalyzed Oxidation of 


Hydrocarbons. By P.M. Henry. Pp.407. 


(Reidel: Dordrecht, The Netherlands, 
Boston and London, 1980.) Dfi. 125, 
$65. 


It IS perhaps surprising to someone not 
closely involved with the field that a book 
of over 400 pages can be entirely devoted to 
how palladium catalyses homogeneously 
the oxidation of hydrocarbons. However, 
a quick glance at this book left me in no 
doubt that it contains a wealth of interesting 
chemistry and that the idea is entirely 
justified. The book is aimed at three groups 
of people: (1) the industrialist interested in 
catalysis; (2) organic chemists interested in 
synthetic aspects; and (3) physical chemists 
interested in mechanistic aspects. The 
author is ideally suited to tackle such a 
task, being currently in a university post 
but having spent some [5 years in industry. 

The book is divided into seven chapters. 
The author, however, having decided that 
there will be mainly two groups of readers 
— first, those largely interested in 
preparative chemistry, and second, those 
interested in both preparative and 
mechanistic aspects — has separated 
mechanistic discussions from the purely 
descriptive sections. Being mainly inter- 
ested in heterogeneously catalysed 
reactions, | found this helpful. 

In the first chapter we are led gently 
through a historical account, then some 
aspects of the basic inorganic chemistry of 
palladium in its various valence states — 
Pd(0), Pd(1) and Pd(III) — are described, 
followed by a discussion of the organo- 
metallic chemistry of palladium and finally 
catalysis. The two basic catalytic 





Alone; the story of 
South American 
mammals 

R.J.G. Savage 


Splendid Isolation: The Curious History of 
South American Mammals. By G.G. 
Simpson. Pp.256. (Yale University Press: 
New Haven and London, 1980.) $17.50, 
£11.05. 











FiFTY years ago Dr G. G. Simpson escaped 
death from revolutionaries in Argentina 
and undaunted carried on to lead a fossil- 
hunting expedition into distant Patagonia. 
He has returned many times to South 
America and has devoted a large pro- 
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mechanisms considered : are: -(1) oxidation- 
addition or its reverse, reduction a 
elimination; and (2) the insertion reaction 
or its reverse. 

Chapter 2 deals exclusively with the 
oxidation of moneolefines leading to the 
formation of aldehydes and ketones, esters 
and ethers. Over half of the book isdevoted 
to the first two chapters, while the 
remaining five deal with the reaction of 
dienes and polyenes, m-allyi complexes, 
reactions of acetylenes, reactions of 
aromatic compouads and what are termed 
‘‘miscellaneous reactions’’. 

An excellent bibliography of approxi- 
mately 40 pages lisis 1124 references largely 
taken from papers published during the 
past decade. Among the references there is 
a. good sprinkling of patents reported, 
reflecting the author’s links with the 
industrial application of palladium 
catalytic chemistry. 

There is a greai deal of information in 
this book which wail cater for a wide cross- 
section of chemists. The detail is impressive 
and indicative of the author’s close 
involvement with the subject. | found it 
perhaps unusual to have a blend of detailed 
preparative chemistry intertwined with 
mechanistic argument, but possibly 
physical chemists.are unfamiliar with this 
approach! The author set out to “‘give a 
survey of both the range and utility of the 
(homogeneous) catalytic chemistry of 
palladium and to discuss the basic reaction 
paths ..."’. This, I believe, he has 
accomplished satisfactorily. In addition 
there is much of benefit in this book for 
those interested in heterogeneous catalysis 
(and its possible relationship with homo- 
geneous systems); however, what is 
difficult for the non-specialist to ascertain 
is how much of the mechanistic discussion 
is ‘established fact’ and how much 
PEE ree ie 


M.W. Roberts is Paor: of Physical 
Chemistry at University College, C ‘cardiff. LEK. 


portion of his long and very active scientific 
career to studying South American fossil 
mammals. In 1934 Simpson published a 
narrative of that first expedition: his 
deservedly popular book Attending 
Marvels (Macmillan: New York) vividly 
portrays the excitement of fossil hunting 
and the fascination of those bleak 
Patagonian landscapes. In Splendid 
Isolation he now addresses a wide reader- 
ship with, as he subtitles the book, the curious 
history of South American mammals. 
The book begins with chapters on the 
history of discovery from the time when 
Darwin found fossils there in 1832, on 
where and how fossil mammals occur, and 
on stratigraphical stages and mammal 
ages. For almost all of she past 60 million 
years the South American continent has 
been isolated without land connections 










anywhere — neither to Anari or 
Africa, nor to Central or North America. A 
land link was only re-established within the 
past 5 million years. Thus throughout 
almost the entire Cenozoic era it was in 
splendid isolation, receiving only periodic 
mammal invasions by waif dispersal from 
some other continent(s). The history of the 
faunas is retailed in three phases: the 
earliest faunas of the Palaeocene and 
Eocene have just three basic stocks 
(the marsupials, xenarthrans and 
condylarths); in the second phase during 
the Oligocene and Miocene, we witness the 
addition of rodents and primates; and the 
third phase begins in the early Pliocene (as 
defined by Simpson) with the build-up to 
the great American interchange of mam- 
mal faunas north-south across the con- 
tinents. The book finishes with a summary 
chapter and a note on the restoration of 
extinct animals. 

The book is highly factual and, as we 
would expect of the doyen, highly accurate 
and up-to-date with the latest fossil 
discoveries. But the facts are too often dry 
and indigestible. Accounts of each family 
with descriptions of their dental charac- 
teristics do not make easy reading, the 
more so as few are adequately illustrated. 
Indeed the illustrations are almost totally 
limited to elemental reconstructions — all 
without scale. The Plio-Pleistocene and 
Recent faunas are very summarily treated; 
much of the space here is devoted to 
etymological discourse. Simpson’s 
penchant for both logodaedaly and 
sesquipedality are evident throughout. 
There are no photographs, no skeletal re- 
constructions and only one palaeogeo- 
graphical map — and that of the mid- 
Cretaceous. Palaeogeography is a subject 
to which the author has himself made 
signal contributions, yet itis all but ignored 
in this book; it merits space only in the last 
three pages. Considering the tremendous 
impact of plate tectonics theory over the 
past decade, much could have been said, if 
only in summary, about the continent’s 
history and its relationships to adjacent 
regions during the past 80 million years. 
The author tells us his first and second 
phase colonizations were waif dispersals. 
The centre(s) of origin of waifs has been the 
subject of copious debate; Simpson, fairly 
but very briefly, disposes of the arguments 
on the grounds that we have too few facts 
to come to definitive conclusions. The 
third phase colonization is certainly better 
documented, but Simpson refuses to be 
drawn into the current debates on 
palaeogeographical models, dispersal or 
vicariance — the latter originating with a 
Venezuelan biologist. Many scientists feel 
such models are useful in that they offer a 
challenge to discover adequate evidence to 
test a hypothesis. With the immense 
knowledge and unique experience Simpson 
possesses, we would all appreciate and 
profit from having his palaeogeographical 
interpretation. For without this, the 
history is as Hamlet without the Prince of 
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Simpson’ s Words, 
hardly Sisyphean. 

There is no recent work with which 
Splendid Isolation can readily be com- 
pared. Patterson and Pascuaľs brilliant 
essay review of 1972, “The Fossil Mammal 


Fauna of South America’ (In Evolution, 
Mammals and Southern Continents, 
edited by A. Keast ef al. State University 


Suspending time: 
a guide for 
biologists 

David E. Pegg 


Low Temperature Preservation in 
Medicine and Biology. Edited by M.J. 
Ashwood-Smith and J. Farrant. Pp.323. 
(Pitman Medical: Tunbridge Wells, 
UK/University Park Press: Baltimore, 
1980.) £17.50, $39.50. 


WHEN Polge, Smith and Parkes made the 
discovery, in 1948, that glycerol would 
enable avian spermatozoa to survive 
freezing at ~79°C, they could scarcely have 
anticipated the impact their observation 
was to have in medicine and biology. The 
special value of preserving viable cells in 
the deep-frozen state is that this essentially 
suspends time: chemical reactions are 
arrested and even the recrystallization of 
ice is prevented at the generally used 
storage temperature of -196°C, the boiling 
point of nitrogen. Then, only ionizing 
radiation can produce damage, but as 
Ashwood-Smith points out in this book, it 
would take 32,000 years to accumulate a 
dose of 600 rads! The cryobiologists’ trick 
then is to coo! cells to, and recover them 
from, -196°C without damage. Although 
the conditions necessary to achieve this 
differ widely from cell to cell, remarkable 
successes have been achieved: nowadays, 
innumerable scientists and technicians in 
fields as disparate as clinical blood bank- 
ing, animal husbandry, immunology, 
reference culture collection of bacterial, 
fungal, animal and plant cells, and 
entomology use cryopreservation as a tool 
in their daily work, perhaps with little 
knowledge of the principles upon which the 
techniques are based. This book sets out to 
provide a guide for such workers. 

Farrant opens the book with a delight- 
fully clear elementary explanation of 
mechanisms of freezing injury and cryo- 
protection, Ashwood-Smith then describes 
current techniques for the preservation of 
tissue culture cells and some mammalian 
tissues, and Polge, truly one of the 
founders of cryobiology, contributes an 
excellent chapter on the development of 
techniques for the cryopreservation of 
spermatozoa — full of practical detail, but 
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of New York Press: Albany), is still 
indispensable to the serious student. Yet, 
while the balance of topics treated in 
Splendid Isolation is sometimes too light 
and sometimes too heavy, there is much a 
student will find interesting in this curious 
history. 
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also interestingly reflective on the way in 
which this field has developed. 
Whittingham gives excellent guidance 
from his wide personal experience of the 
low temperature preservation of early 
embryos of many mammals. The chapters 
on haematological applications, by Rowe 
and Schaefer, are essentially practical and 
detailed, while Knight provides an 
admirable critical account of work on the 
preservation of leukocytes, emphasizing 
the difficulties of obtaining valid measure- 
ments of post-thaw recovery, The chapters 
on protozoa and helminth parasites by 
James, on micro-organisms by Ashwood- 
Smith and on plant cells by Morris are all 
clear and packed with practical advice, 
while the contribution by Ring on the cryo- 
biology of insects and their cells is 
particularly fascinating and goes beyond 
practical preservation to describe the 
fascinatingly varied adaptations found in 
insects that survive the extremely low 
temperatures occurring in Arctic regions. 
The book concludes with a chapter of 
general practical guidance. 

Without doubt, this will prove to be a 
valuable text: it is not, however, as com- 
prehensive as its title might suggest. Low 
temperatures, but without freezing, are 
widely used in medicine and biology for the 
short-term preservation of cells, tissues 
and organs, most importantly perhaps of 
blood cells for transfusion and of tissues 
and organs for transplantation. None of 
this is dealt with. Moreover the excellent 
introductory chapter could, I believe, use- 
fully be supplemented by a more detailed 
discussion of theoretical cryobiology to 
help the reader digest the mass of ‘cook- 
book’ detail found in the subsequent 
chapters. Also, the balance of contributors 
seems a littl strange in that it does not 
reflect the major contribution of workers 
in the USA during the past 20 years. 
Finally, the chapter on practical aspects 
would be much improved by the inclusion 
of greater detail of the actual equipment 
and procedures being discussed. (The 
thermocouple table on p.290 differs from 
the current BSI and NBS standards.) These 
are relatively small details, however, and 
the editors can be congratulated on a most 
useful compilation: perhaps they will con- 
sider widening the scope of future editions. 


David E. Pegg is head of the MRC Medical 
Cryobiology Group in the Department of 
Surgery, University of Cambridge, UK. 
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Towards a more competent Civil Service 


The narrow issue of how much scientists working in the British 

Civil Service should be paid during 1980 will no doubt be settled 
by this week’s arbitration hearing, to which the Civil Service 
Department has been driven by the Institution of Professional 
-Civil Servants (see Nature, 24 July). The outcome, no doubt, will 
bea compromise between the government’s offer and the claim by 
the IPCS — and a further setback for the system of “‘pay 
research” by which salaries are determined. The more serious 
questions of how, and on what terms, scientists should be 
recruited to the Civil Service will however remain unasked. As a 
result, scientists in the public service will continue to be treated as 
a group apart while the public service and thus the British 
government will continue to be less effective than it could and 
should be. It is a scandal that so little attention has been paid, 
since the publication in 1968 of the report of the Fulton 
Commission on the organization of the Civil Service, to these 
important issues. 

Traditionally, as the whole world knows, the British Civil 
Service has been a happy and largely successful hunting ground 
for gifted generalists, able to turn their attention from the 
administration of bits and pieces of the British Empire to the 
administration of, say, the publicly supported schools. It is 


customary to suppose that in the nineteenth century the system 
worked splendidly, although with hindsight it is clear that for — 


every brilliant administrator of India thrown up by the system 
there was asmall army of dull pecksniffs guiding the growth of the 
public service in unimaginative directions. How could it be 
otherwise, given the traditional method of recruitment into the 
Administrative Civil Service? Although in the twentieth century 
the Administrative Class has replenished its ranks with graduates 
from well connected universities, Oxford and Cambridge in 
particular, rather than from the sons of well connected families 
(as in the nineteenth century), the principle is unchanged. It is to 
take a man (or now, mercifully, a woman) of high intelligence but 
without particular expertise, and to let him learn the craft of 
public service on the job in one ministry after another, with spells 
of duty rarely spanning more than three years. Within the service, 
frequency of movement is a mark of success, with the result that 
the high fliers, as they are called, begin and end as generalists — 
intelligent, to be sure, but almost proud of having no expert 
knowledge of the fields of the public service they administer. 
Recognizing, however, that the public service increasingly 
requires expert knowledge in many different fields, the 
Administrative Civil Service has built up separate cadres of 
specialists —- scientists and engineers but also economists and 
architects, for example. 

The Fulton Commission was born of a suspicion that this 
system was increasingly an anachronism. The suspicion was 


confirmed by the commission’s analysis. Its conclusion that 


generalists, sometimes rudely but properly called amateurs, had 
outlived their usefulness to society as public servants was 
understandably unpalatable to those primarily concerned. In the 
circumstances, it is something to be grateful for that the least 
radical of the Fulton Commission’s recommendations have 
indeed been followed. The Administrative Civil Service now 
looks less eagerly to the products of Oxbridge courses in classics 
or history for its new recruits. Responsibility for recruitment has 
been transferred from the Treasury to the newly created Civil 
Service Department, while steps have been taken, as Fulton 
asked, to make it easier for people with experience of other walks 
of life to join the Civil Service in mid-career. (Even so, the flux of 
people into and out of the public service is not nearly as great as 
Fulton hoped.) Under these arrangements, there is of course no 


1KI28 -OB 36/803 20545-02$0} 00 





reason why scientists or people with other specialist backgrounds 
should not compete for places in the Administrative Civil Service 
alongside those with other kinds of degrees. Understandably, the 
numbers of those prepared to ape the generalists at such an early 
stage in their careers as scientists is small and likely to remain so. 

The Fulton Commission acknowledged that this was likely to 
be the case, for which reason {among others) it urged that there 
should be a merger of the Science and Administrative classes. 
Since 1968, British governments have stolidly declined to follow 
this proposal. Administration, they say, no doubt on the advice of 
the administrators, is in itself a special skill, distinct from other 
kinds of skills. The one concession to the Fulton view to have been. 
made in the past decade is a scheme by means of which scientist 
within the public service can apply for a transfer to the 
Administrative Branch. Again, understandably, the volume of 
transfers is a trickle. More seriously, the habits of the public 
administration are unchanged — those who enter the 
Administrative Civil Service from some other part of the public 
service do so on terms spelled out by the administrators. 

The result, increasingly apparent, is that the British 
government is denied the kind of advice-and administration that 
circumstances now demand. The record of simple administrative 
errors stemming from innocence of technical matters grows with 
the passage of the months. It is not so long since the renegotiation 
by the Home Office of the international allocation of 
broadcasting frequencies robbed the BBC of facilities now plainly 
essential tosifs social function. More recently, the British 
government has been allowed to dither about the payment of the 


second promised tranche of £25 million tothe semiconductor 


company INMOS (Nature, 5 June), apparently in ignorance of 
the nature of technical development in nevel fields. (In the end, as 
the Prime Minister announced last week, the National Enterprise 
Board has been allowed to meet its moral obligation.) Unhappily, 
such conspicuous errors are almost by definition relatively minor. 
The influence of an ill-informed administration on the evolution 
of more substantial policies is harder to pin down. The chopping 
and changing in British energy policy over the past two decades, 
however, clearly carries the marks of technical innocence. So does 
the apparent assumption by several government departments that 
funds for research and development, or education, can be turned 
off and on as water from a tap. The truth is that, in such fields, 
uncertainty is more damaging than mere shortage of funds. But 
elsewhere, again apparently from lack of technical knowledge, 
the Civil Service conspires with the government to attempt to 
make water run uphill. How else is it possible to explain the 
devotion of successive governments (but not the present) to 
regional policies intended to share such prosperity as the country 
continues to sue more ae between cufferent lona or the 





have Beet at best meagre, as economists ees wo saying all nta 

It would of course be wrong to think that maladministration of 
this kind would vanish if more of the administration of the 
government’s affairs were shouldered by scientists and other 
specialists. Scientists and other specialists do not have a 


‘monopoly of wisdom, and there is also something in the 


administrators’ claim that good judgement in public 
administration comes with experience. This, however, is merely 
an argument in favour of the Fulton Commission's proposal that 
there should be a thorough merging cf the scientific and the 
administrative Civil Services. While many wientists within the 
public service would no doubt wish to follow the public interest 
and their own in the pursuit of research and development, others 
would be able to contribute more effectively than is at present 
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possible to the routine work of the public service, preventing the 
howlers. which are at present perpetrated by the generalists and 
helping also to ensure that major issues of public policy are dealt 


with in a manner that is technically sound and, with luck, 
imaginative as well. One unconvenanted benefit would be that the 
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hosts of advisory committees which at present litter Whitehall 
could be reduced in number — one of the present government’s 
ambitions. Perhaps the first British Prime Minister who happens 
to be a scientist might take up the shamefully neglected cause of 


» making the British Civil Service more competent. 


Radiation standards not yet for changing 


The chequered history (see page 550) of the report on low-level 
ionizing radiation, published last week by the US National 
Academy of Sciences, should not detract from its value. The 
report was commissioned by the Environmental Protection 
Agency and has been prepared by the academy’s Committee on 
the Biological Effects of Ionizing Radiation. It is popularly 
known as BEIR IH to distinguish it from an earlier report in 1972 
and from the first draft of this document (released just over a year 
ago before all the members of the committee had had their say). 
The issues with which it deals are of great importance, not merely 
for regulatory agencies such as the Environmental Protection 
Agency, for those concerned with industrial health and safety 
{not only in the nuclear industry) but also for the public at large, 
rightly concerned that there should be a judicious assessment of 
the potential hazards of ionizing radiation, especially that 
produced by the nuclear industry. The public importance of the 
topic has of course been keenly appreciated for the past quarter of 
acentury, with the result that attempts to calculate the hazards of 
radiation have been made by national governments, independent 
organizations such as national academies and even by the United 
Nations. The particular value of BEIR III stems from that feature 
for which it is likely to be most criticized — for by including the 
opinions of members of the committee dissenting on scientific 
grounds from the main report, it serves to dramatize the 
uncertainties that persist in this difficult field. 

The abiding difficulty in the estimation of the consequences of 
radiation exposure is that of extrapolating downwards, from the 
often tragic experience of people who happened to be living in 
Hiroshima and Nagasaki in 1945, those who were treated with X 
rays for a variety of diseases such as rheumatoid arthritis or 
ankylosing spondylitis in the 1930s or those who worked as 
radiographers before the hazards of radiation were fully 
appreciated, to the rest of us, whose organs receive 100 mrem a 
year (in round numbers) from natural and unnatural causes — 
cosmic rays, natural radioactivity such as potassium-40, visits to 
the orthopaedics people, airline travel and the like. Hitherto, 
most serious studies of how the extrapolation should be carried 
out have been based on the assumption that the risk of damage is 
proportional to the dose of radiation. (The days have long since 
gone when it was permissible to talk of a “threshold” dose below 
which radiation entailed no risk of damage.) BEIR HI breaks new 
ground by flirting seriously with the notion that the relationship 
between the risk of damage and the dose of radiation that 
produces it may not be linear after all, but rather quadratic, at 
least where the induction of some kinds of cancers is concerned. 
(On the genetic consequences of radiation exposure, BEIR HH 
follows earlier studies in affirming that only the linear 
extrapolation is prudent in the present state of knowledge or, 
rather, ignorance.) This is why the report has engendered 
controversy among its authors even before publication. 

Superficially, it is true, even to entertain the possibility that the 
rate of induction of some kind of cancer may be proportional not 
to D (where D is dose) but to a+BD+yD* (where a is the 
spontaneous rate, and # and y are constants to be adjusted to fit 
the data) looks like a way of resurrecting the threshold hypothesis. 
For if y is positive, extrapolation downwards from large to small 
D will suggest thatthe risk of harm by small doses of radiation, 
such as those attributable to krypton-85 in the atmosphere, for 
example, will be disproportionately less than those attributable to 
large doses. 








__ The argument of BEIR III by way of justification is plausible but 
not conclusive. To their credit, the authors have acknowledged 
this to be the case. The conjecture that to cause a cancer it may be 


- necessary to break the same DNA molecule at two places (not just 


one) before natural repair mechanisms have had time to do their 
work is modestly advanced, with as full a list of the objections as 
anybody could ask for. The experimental data bearing on this 
point which are marshalled by the report are impressive, but 
derive mostly from animal studies. The document acknowledges 
that the information available about the causation of human: 
cancer is not ‘‘robust’’ enough to distinguish between the possible 
dose-response models, although there is some reason to think 
that skin cancer does not turn up at low doses of radiation, that 
the relationship between leukaemia induction and radiation dose 
among the Japanese bomb survivors is adequately represented by 
a quadratic relationship but that the risk of breast cancer is 
linearly related to the dose of radiation. 

Inevitably, a quadratic rather than a linear relationship implies 
that the risk of cancer induction after exposure to small doses of 
radiation is reduced. BEIR HI includes comparisons of the 
calculated risks based on the two assumptions which suggest that 
the risk of cancer induction after exposure to, say, 10 rads of 


jonizing radiation will be halved if the relationship between risk 


and dose is quadratic, not linear. Superficially, that represents a 
substantial change, for which reason it is relevant that the earlier 
calculations (like those of BEIR IID) are accompanied by large 
(and unavoidable) errors; the new estimates, based on the 
quadratic assumption, do not lie all that far outside the errors of 
earlier calculations. A more serious difficulty (to which one of the 
dissenters, Professor Edward Radford, draws attention) is the 
element of arbitrariness in the way in which BEIR IH had to cal- 
culate the parameters in its quadratic relationship between risk 
and dose from a few clumps of data relating to high acute exposures. 
How, then, should the regulatory agencies respond to BEIR 
HI? Some, no doubt, will be tempted to say that present 
regulations for occupational exposure to radiation might safely 
be relaxed, although not by very much. It will be a mistake, 
however, if BEIR HI is taken as a licence for such a step. For the 
report itself is properly so hedged about with qualifications (and 
packed with interesting but complicated evidence to suggest how 
sensitivity to radiation may vary with age, sex and genetic 
constitution) that it cannot be regarded as the last work on the 
subject. Accordingly, the regulatory agencies should for the time 
being stick to the assumptions on which their calculations have 
hitherto been based while setting out more energetically to test the 
interesting proposal put forward by BEIR HI. Perhaps the most 
conspicuous omission from the report is the committee’s own 
assessment of the work that needs to be done more adequately to 
underpin its argument and conclusion. It is, however, plain that 
much can be done to test the conclusions of BEIR HI. Animal 
experiments designed to test the risk of specific kinds of tumours 
after exposure to radiation could help to distinguish between the 
linear and quadratic hypotheses. BEIR II itself makes much of 
the results of the classic epidemiological study by Court-Brown 


‘and Doll on the incidence of tumours of people treated with X rays 


for ankylosing spondylitis. It is too much to ask that the 
regulatory agencies and the nuclear industries throughout the 
world should apply the same care to the study of the health of the 
only substantial group now exposed to relatively large doses of 
radiation—those occupationally exposed in nuclear plants? 
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Congress turns sour on technology 


‘Washington 

As part of a general effort to cut the 
< foreign aid budget, Congress is threatening 
to veto the major US contribution to the 
new international fund for science and 
technology in developing countries which 
was set up following last year’s United 
Nations Conference on Science and Tech- 
nology for Development (UNCSTD). 
= The House of Representatives Appro- 
‘priations Committee last week recom- 
mended the elimination from the 1981 
budget request of a $10 million con- 
tribution which the Carter administration 
had proposed for the new fund. The 
committee also proposed changing the 
foreign aid bill so as to prevent any of the 
$130 million allocated to the United 
Nations Development Programme — the 
agency handling the fund — being used for 
this purpose. 

UNDP officials hope that these recom- 
mendations will be rejected when the full 
House debates the foreign aid bill. Other- 
wise they fear that withdrawal of the US 
contribution could put the whole fund in 
jeopardy. This, they warn, would have 
repurcussions for relationships between 
the US and the many countries — part- 
icularly in Africa — which have already 
submitted project proposals to the fund on 
the understanding that adequate support 
has been promised. 

Delegates to the UNCSTD conference in 
Vienna last August agreed to the fund as an 
interim measure. Initially the developing 
countries had proposed a more ambitious 
scheme for a $2,000 million to $4,000 
million annual tax on technology transfers 
from the developed nations, but this was 
quickly rejected as unrealistic. 

Promises were, however, made to 
explore the long-term prospects for such a 
scheme. Meanwhile a two-year interim 
fund was proposed under the auspices of 
the UNDP, with an initial target set at $250 
million, of which the US indicated it would 
be prepared to cover 20 to 25 per cent. 

In practice, even this target turned out 
optimistic. At a meeting in New York in 
March, total pledges of $36 million were 
made, primarily by Austria, Denmark, 
Norway, Sweden, The Netherlands and the 
US. (The UK made it clear in Vienna that it 
was not prepared to contribute: France and 
Germany are still negotiating conditions 
under which they may give up to $9 million 
more.) 

Even though the total was less than had 
been hoped for, the UNDP decided that 
enough had been raised to get the fund off 
the ground. With the support of the UN 
General Assembly, the fund officially 
_ became operational in May. UNDP has 
already received over 550 applications 
from the governments of developing 
countries, and 70 projects have been 
selected as candidates for funding. 

One African country has approached the 
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UNDP for joint funding of a new metal- 
lurgical research institute, and another 
eight are already including possible 
support from the UNDP in schemes to 
integrate science and technology policies 
into their five-year economie plans. 

UNDP officials argue that for the US to 
withdraw its proposed contribution — given 
its central role in engineering the Vienna 
compromise and steering attention away 
from the more far-reaching third world 
demands — would not only prejudice the 
future of the fund itself, but would also 
cast a cloud over all future negotiations on 
overseas aid. 

The proposed $10 million US con- 
tribution has already been endorsed by the 
science committees and the foreign affairs 
committees in both the House and the 
Senate. Indeed some congressmen say they 
would have been prepared the support the 
$15 million contribution which President 
Carter had proposed in his original 
January request. 

Despite this support, however, the 
appropriations committees are proving 
harder to convince. Commenting on its 
proposal that the US should not contribute 
to the fund, the House Appropriations 
Committee says that it took the action 
because the Administration had failed to 
provide adequate information on the 
activities of the fund. 





This information is now being hastily 
provided, in the hope that at least some 
members of the Appropriations Com- 
mittee can be persuaded to change their 
position. But the UNDP contribution has 
also become tied up with the conflict be- 
tween the Congress and the Administration 
over the latter’s plan to set up an Institute 
for Scientific and Technical Cooperation 
(ISTC) as a focus for research relevant to 
developing countries. 

Last year Congress accepted the ISTC 
proposal in -principle, but the 
appropriations committees failed to 
allocate funds after a bitter fight over the 
form that the institute should take, and its 
relationship to existing scientific and 
technological programmes in the Agency 
for International Development. 

This year the Administration has again 
put forward the ISTC for funding. But 
despite plans to reduce its scope it seems 
increasingly unlikely that the institute will 
get off the ground. 

Such a failure, embittered as it would be 
by the disputes which there have been 
between the Administration and Congress 
about overseas aid and the growing’ 
hostility of Congress towards multilateral 
aid programmes, imply that supporters of 
the UNDP have an vue task ahead of 
them. 

David Dickson 


Compromise for Finr iston? 


On the principle that ministers cannot go 
on holiday until parliament has seen that 
their desks are clear, the British 
government was earlier this week preparing 
its much-delayed response to the report of 
the Finniston Committee on engineering 
education. The response will lose some 
friends and make some enemies, but is 
otherwise likely to be a compromise. 

The central issue to have become 
apparent since the committee’s report was 


published earlier this year is whether 


responsibility for the education of 
professional engineers, including the 
accreditation of university and other 
courses, the definition of professional 
standards and the certification of those 
claiming them, should rest with a new 
public body to be called the British 
Engineering Authority. 

The Finniston Committee argued that 
there should be such a body, which would 
inevitably take over from the separate 
engineering institutions many of their 
existing educational and professional 
responsibilities. The committee also asked 
that such a body should be statutory, 
responsible to the minister responsible for 
industry — for the time being Sir Keith 
Joseph, Secretary of State for Industry. 
Only by such a device, the committee 
argued, could the reorganization of 
engineering education and qualification be 


carried out in such a way that industry 
could take notice. The committee also 
recognized that even the British 
government has, on paper at least, a long 
purse, 

Since the publication of the report in 
February, the Department of Industry has 
invited comments from no fewer than 
interested parties, most. of whom have 
apparently replied. Many respondents, the 
Confederation of British Industries and the 
Committee of Vice-Chancellors and 


- Principals for -example, have however 


disappointed members of the Finniston 


Committee by warning the government 


against the notion that the engineering 
profession should be regulated directly by 
the government. This advice is likely to be 
the more influential because these who 
offer it also welcome structural changes in 
engineering education and qualification. 

The favourite compromise seems to be 
that there should indeed be a new authority 
responsible for engineering education, but 
that it should be set up as an autonomous 
institution by the Privy Council, not by the 
government as such. To begin with, there 
should be a measure of direct financial help 
from the British government, but in the 
long run it might be appropriate that 
support should be channelled through 
bodies such as the University Grants 
Committee. 
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_ Radioactive waste 


- Windscale leak 


The scathing report last week from the 
British Nuclear Inspectorate on the latest 


radioactive leak from the Windscale 


reprocessing plant raises familiar issues. 
Yet again, it seems, a substantial leakage of 
radioactivity, 100,000 curies this time, has 
arisen from relatively minor design faults 
and sheer human frailty. 

One of the benefits of the arrangement 
under which the Nuclear Installations 
Inspectorate works directly to the Health 
and Safety Executive is, however, that its 
full report (Health and Safety Executive, 
£1.25) has now been made public. It 
emerges that the inspectors had seriously 
considered prosecuting British Nuclear 
Fuels Limited, or members of the senior 
staff at Windscale, for breaches of the 
operating licence. Instead, the inspectors 
have asked the company (which is state- 
owned) to take remedial action and plainly 
hope that publication of their report will be 
a more effective safeguard for the future. 
BNFL has duly eaten humble pie, with a 
statement reading like the public con- 
fessions common in China during the 
Cultural Revolution. 

The chronology of this latest incident at 
Windscale begins in 1955 when a plant was 
built for bleeding off small quantities of 
highly active liquid waste from the 
reprocessing line as part of the research 
programme then under way at Harwell to 
glassify highly active waste. The UK 
Atomic Energy Authority (then the 
operator of Windscale) erected building 
701 which contained a 1,400-litre stainless 
steel tank in which active waste could be 
aged for an appropriate length of time, and 
a device for transferring some of this 
material into 20-litre shielded flasks for 
transport to Harwell. There were arrange- 
ments for returning waste from the 
building to the main processing line, 
principally from a small 70-litre sump in the 
floor of the building. 

After the last consignment of waste to 
Harwell in 1958, Building 701 seems to 
have fallen out of use and out of mind. For 
some years, workmen at Windscale 
followed the standard operating procedure 
of emptying the sump at regular intervals, 
but during the 1970s the practice had 
become irregular. BNFL told the in- 
spectors that they assumed that the liquid 
collecting in the sump was not radioactive, 
but probably consisted of rainwater leak- 
ing through the roof of the building and of 
condensation inside. The inspectors com- 
plain that BNFL should have considered 
the chance that active waste was splashing 
over the movable vanes used in a valve 
arrangement to divert the stream of active 
waste in one direction or another. 

Attemps to empty that sump during the 
1970s were not always successful, now it 
seems because one of the two outlet lines 
had been mistakenly cut and blanked off in 
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1971, Curiosity about the level of liquid i in 
the sump could not reliably be satisfied — 


the pointer on the face of the instrument 
recording the liquid level can apparently 
turn full circle and then keep on turning, so 
an over-full sump may seem nearly empty. 

The leak was discovered during a survey 
of the Windscale site in 1978, and 
recognized to consist of fission products 
only two years old in March 1979 when the 
nuclear inspectors were informed. The 
inspectors say that for several years the 


sump had been overflowing and that: 


radioactive material had found its way 


through the stainless steel cladding lining 


the bottom of the building to soak through 
the concrete foundation to the ground 
beneath. 

The penance required from BNFL in- 
cludes the reinstrumentation of building 
701, its isolation and, eventually, its 
decontamination, the monitoring of 
radioactivity in the ground beneath the plant 
(where most of the activity is some three 
metres beneath the surface) and pre- 
paration for the physical isolation of the 
activity or even the removal of the con- 
taminated soil. 

Both parties to the favestiontion agree 
that nobody has been exposed to a 
significant radiation dose because of the leak. 


European biotechnology 


EEC proposals 


The European Commission’s proposals 
for the regulation of genetic manipulation, 
once widely feared for their restrictiveness, 


have turned out to be comparatively tame. 


The commission’s ‘‘recommendation’’, 
submitted to the Council of Ministers this 
week, requires merely that experiments in 
genetic manipulation should be registered 
nationally. The proposals are thus much 
less constraining than the directive 
proposed in 1978 and later withdrawn. 

A “recommendation” carries no legal 
force but, if agreed by ministers, has a 
certain moral force among the nine 
member states. Last week’s recommenda- 
tion argues that while hazards are now 
thought to be ‘‘non-existent or small’’ it 
would nevertheless be prudent to register 
experiments centrally in case so far 
undetected ‘‘long-term effects” exist. To 
deal with commercial objections about 
confidentiality, notification would be 
restricted to ‘‘the portion of the 
experimental protocol which is required 
for the evaluation of safety”. 

Compulsory notification already exists 
in the United Kingdom, and may do so in 
Germany if a proposed law on genetic 
engineering re-emerges after the October 
election. Elsewhere it is voluntary. 

- The commission would also set up a 
committee of experts, mandated by 
member states, to examine at least once a 
year the need for harmonization of 
regulations and to consider emerging 
knowledge of hazards. Robert Walgate 
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IWC whaling quotas 
Politics wins out 


The recent 32nd annual meeting of the 
International Whaling Commission (IWC) 
closed after a week of political struggle 
between those nations seeking a ban on 
commercial whaling (led by France, the 
Netherlands and the United States) and 
those, mainly the whaling nations 
(Canada, Chile, Iceland, Japan, South 
Korea, Peru, South Africa, Spain and the 
Soviet Union),arguing that such a ban 
could not be justified. 

Any hope of a total moratorium was 
crushed at the beginning of the meeting, 
and for most of the week it looked as if 
agreement on quotas might never be 
reached. On the final day of the meeting, 
however, quotas were eventually agreed — 
13,753 whales of all species can be taken in 
1981~82 compared with 15,883 in 
1980-81. The alternative of no agreement 
at all might have led to the demise of the 
whaling commission and a free-for-all, 
which would have been an even greater 
blow to the conservationists. 

The purpose of the [WC’s annual 
meetings is to reach agreement on the 
management of whale stocks for the next 
year based on the advice of its scientific 
committee. One of the problems is that the 
monitoring and prediction of whale 
population dynamics is fraught with 
difficulties, allowing interested parties to 
interpret the statistics as they wish. 

The task of the IWC’s scientific 
committee, which met a few weeks before 
the commission’s main meeting, is to 
formulate a basis on which catch quotas 
can be set. It does this by estimating the 
current population of individual whale 
stocks and the ideal population which 
could be supported in the absence of inter- 
ference by man. A population slightly 
below the ideal level will replace itself more 
rapidly than one at the ideal level because 
of increased resources per whale. The aim 
is to maintain populations at the level 
which shows the greatest replacement rate 


-and hence gives the maximum sustainable 


yield (MSY). Under the IWC’s new 
management procedure, a target yield, 
which provides guidance for setting catch 
quotas, is set at 90 per cent of MSY. The 
management procedure also stipulates that 
all catching should stop on any stock which 
falls to 10 per cent below the level at which 
it produces the MSY. 


OTTEESEEN 
Estimated stock sizes and MSY and 
recommended catch limits 
North Pacific, Western Division 


Males Females 

(i+) (104+) 
1910 stock x 10? 157.9 175.0 
1981 stock x 10° 66.5 124.6 | 
1981/1910 42.1% 71.2% 
MSY level x 10? 88.3 131.1 
1981 % MSY level 75.3 95.0 
Catch limits 0 405 
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The ideal population can be estimated 
only by knowing the current population 
and its rate of change. Almost all the data 
on the status of current stocks have come 
from whaling ships which have been 
providing information on the basis of catch 
per unit effort. This works on the principle 


outcome of the recent meeting as much as 
might have been expected. In spite of 
Beddington and Cooke’s new evidence on 
sperm whales, which led the scientific 
committee to recommend that they should 
not be killed in the North Pacific, a quota 
of 890 was awarded to Japan. Some 
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IWC whaling quotas 
North Atlantic 1980/81 1981/82 1980/81 1981/82 
Sperm 273 130 S. Hemisphere 
Minke 2,543 2,554 Bryde’s 264 264 
Sei 100 100 Sperm 580 300 
Fin 624 701 Minke 8,102 6,718 
North Pacific Others 
Bryde’s 479 529 Bowhead 18 17 
Sperm 1,350 890 Humpback 10 10 
Minke 1,361 1,361 
Gray 179 179 Totals 15,883 13,753 





that the difficulty of finding and catching a 
whale is inversely proportional to the total 
number of whales available. Changes from 
year to year in making a catch will reflect 
change in the population size and hence 
allow estimates of ideal population to be 
made. 

Catch per unit effort, however, is not a 
reliable measurement on which to base 
calculations of population because it varies 
considerably with different whaling 
techniques. When allowances for handling 
time were recently taken into account, it 
was found that the depletion of population 
was being seriously underestimated. 

One new way of modelling populations 
which overcomes some of the difficulties 
with catch per unit effort was proposed by 
John Beddington and J G Cooke of the 
University of York at the recent scientific 
committee meeting. It has already been 
applied to sperm whale stocks in the North 
Pacific with some success. The Beddington 
and Cooke model uses the fact that whaling 
distorts the distribution of length in 
populations as the basis for calculations of 
current and ideal populations (whaling 
ships tend to catch big animals leaving 
smaller ones behind). By examining the 
current length distribution of the catch and 
the change over recent years and by 
knowing the size of the catch, the current 
population and hence the ideal population 
can be calculated. This technique works 
well for species of whale, such as the sperm 
whale, which vary considerably in length. 

One difficulty with the management 
procedure is that it only works well for 
species which have already been depleted 
where the catch is a fair proportion of the 
current population. The minke whale, for 
example, the most heavily exploited 
species, cannot be managed easily because 
its numbers are actually on the increase. 
Sperm whales also present problems, 
because unlike all other species, they are 
polygamous. Only large males over 25 
years of age can hold harems so the damage 
to the sperm whale population of taking 
only the largest whales could be greater 
than at first suspected. 

The deliberations of the scientific 
committee probably did not affect the 


concession to the scientific evidence was 
made, however, by banning the killing of 
female sperm whales and all males over 45 
feet long. Two other seriously endangered 
species also failed to get total protection: 
the humpback whale of the North Atlantic 
— Eskimoes in Greenland will be able to 
kill 10 next year — and the bowhead whale 
in the Bering sea where a small quota has 
been set for the benefit of Eskimoes in 
Alaska. 

Judy Redfearn 


More Soviet psychiatry 


Physicist held 


Vladimir Kislik, nuclear physicist, long- 
term refusnik and member of the European 
Physical Society, has been committed to a 
Kiev mental ward, apparently to prevent 
him from meeting western visitors to the 
city. Although this means of repression has 
of recent years been used against a number 
of political dissidents, including geneticist 
Zhores Medvedev and mathematician 
Leonid Plyushch, this is the first time that it 
has been used against a Soviet scientist who 
simply wishes to emigrate to Israel. 

Kislik applied for an exit visain 1972, but 
was refused on the grounds of access to 
state secrets while at his previous job at the 
Chelyabinsk Nuclear Reactor Plant. 
Following his application, he was 
dismissed from his research post at the 
Institute of Physics of the Ukrainian 
Academy of Sciences and since then has 
had to work as a _ bus-ticket seller, 
nightwatchman and the like. He 
attempted, however, to keep up his 
scientific reading and to organize a 
scientific seminar for other refusniks in his 
own home. In June 1976, however, he was 
beaten up by security police and threatened 
that he must close his seminar — or else 
face a criminal charge of black market 
activities. Meanwhile his name 
‘‘disappeared™ from the Soviet bibli- 
Ographies and from references to the 
papers which he had published in his 
professional capacity. 

He did, however, have one unpublished 
paper on the ‘‘Absorption of Helium by 
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Irradiated Samples of Austenitic Steels’’. 
Before his dismissal from the institute, this 
research had been cleared for open 
publication. Kisliz managed to send the 
paper by hand to the United States, where 
in 1977 it appeared in the Journal of 
Nuclear Materials 

Shortly afterwards, an article appeared 
in the local evening paper Vechernyi Kiev, 
accusing Kislik of being a foreign agent and 
of smuggling out nuclear secrets. At the 
end of 1979, the accusation was revived, 
and he was informed by the Kiev Public 
Prosecutor, Ignatiev, that a file had been 
opened against him under Article 136 of the 
Ukrainian Penal Code ‘‘Violation of 
Authors’ and Inventors’ Rights’’ — in 
other words, plag arism. 

Since October 1979, Jewish emigration 
from Kiev has virtually ceased and routine 
police harassmen: of long-term refusniks 
has intensified. In April 1980, Kislik was 
prevented from travelling to Moscow for 
the refusniks’ International Symposium on 
Collective Phenomena. One of the western 
visitors to the symposium, Professor Paul 
Kessler of the Collége de France, later 





visited Kislik in Kiev. After the visit, 
Professor Kessler reports, he was attacked 
by four strangers in plain clothes who gave 
him an “‘intentionally not too heavy” 
beating, which, he believes, was meant 
simply to intimidate him. A few weeks 
later, Kislik managed to make contact with 
some American geneticists who were 
attending a meeting in Kiev — an event 
which, some of h-s friends believe, was not 
unconnected with the latest harassment. 
On 25 June, K-slik was picked up in the 
Street and taken to the police station for an 
identity parade in connection with an 
alleged theft. On 4 July, he was arrested for 
alleged hooligarism and given 15 days 
detention. When this term was up, and he 
was not released, he threatened to go on 
hunger strike. The next day, 19 July, he was 
transferred to a psychiatric ward in the 
Pavlov hospital. ronically, and toa certain 
extent in supportof Soviet claims that Jews 
(as opposed to ‘“‘Zionists’’) suffer no 
discrimination in the Soviet Union, the 
doctor in charge of the case is a certain 
Naum Lifshits. 
Vera Rich 
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_ Neuroscience 


Snyder’s pad 
Washington 

The Johns Hopkins Medical School in 
Baltimore has joined the growing ranks of 
United States research universities in 
announcing its intention to set up a new 
department devoted to neuroscience. This 
will be the first new department to have 
been established at the medical school for 
twenty years. Under the direction of the 
new department’s chairman, Dr Solomon 
H. Snyder, who will become the medical 
school’s first professor of neuroscience, 
its research will be concerned with the 
chemical and pharmacological aspects of 
brain function. Dr Snyder, joint winner of 
the 1978 Albert Lasker Basic Medical 
Research Award for his work on the 
actions of neurotransmitters and, in 
particular, on the functioning of opiate 
drugs, is this year’s president of the 
American Society of Neurosciences. 

The proposal to set up the department 
was made by an ad hoc group appointed by 


ang, 


s7 





the medical school last autumn. The 
committee said that there were 
‘*compelling academic grounds’’ for a new 
department and pointed out that although 
knowledge in the field of neuroscience 
dovetailed with that in other disciplines, 
there was now a common body of 
knowledge and methodological 
approaches shared by people trained and 
working in neuroscience. 

Bringing together the neurological 
aspects of various traditional disciplines 
into a single department will have 
organizational as well as academic 
advantages. According to Dr Steven 
Muller, president of Johns Hopkins 
University, ‘‘although Hopkins has 
universally recognazed strength in several 
areas of neuroscience, the School of 
Medicine now needs the cohesive focus in 
neurobiology so necessary for the develop- 
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ment of exciting and rigorous teaching 
programmes for medical students and for 
predoctoral and postdoctoral students in 
neuroscience’’,. 

One of the immediate research interests 
of the new department will be a study of 
effects of Huntingdon’s disease on enzyme 
activity in the brain. This will form part of a 
nine-project research programme on the 
disease which last week received a grant of 
$1.8 million from the National Institute of 
Neurological and Communicative 
Disorders and Stroke. 

David Dickson 


Byelorussian graduates 


Missing out 

Young Byelorussian graduates are 
failing to take up their appointed posts in 
the Soviet national economy, according to 
a recent survey by the Byelorussian SSR 
State Committee for Labour. 

According to Soviet practice, all young 
persons completing higher education must 
work for a prescribed period (usually three 
years), in whatever post the relevant 
ministry assigns to them. These posts can 
be anywhere in the Soviet Union, not 
necessarily in their own home republic. In 
Byelorussia, however, the system seems to 
have broken down. In 1978, says the 
survey, over 3,000 newly qualified 
specialists — just under 5% of the total — 
failed to turn up at their appointed 
enterprises. 

In all, out of the 120,000 persons holding 
higher qualifications in agriculture 41,000 
are now working in non-agricultural jobs, 
10,000 with teaching qualifications are not 
teaching and 13,000 university and 
technical college graduates are working in 
branches of industry, building and 
transport unrelated to their education. 
Over 25% of the young specialists who 
have graduated in the past four years are 
now doing jobs which require no higher 
qualifications. 

The ministries themselves, it appears, 
are partly to blame. A spokesman for the 
Byelorussian State Committee for Labour 
explained that many ministries distribute 
their young graduates at random, often 
switching them from the job for which they 
were originally destined letting them go off 
and find work for themselves, or 
terminating their assigned job earlier than 
scheduled. An increasing number of 
departments are refusing to employ 
graduates along the lines for which they 
have been trained. Cases of patronage and 
‘‘protection”’ are also said to account for 
an unspecified number of graduates failing 
to fulfil their ‘‘civil obligations’’ of 
directed work. 

Nor surprisingly, the professional skill 
of management workers in Byelorussian 
industry and agriculture is also said to be 
‘‘rather low’’ and causing ‘‘great 


concern.” 
Yera Rich 


Radiation risks 


Twice lucky? 


Washington 

After a year of intense internal debate, 
the US National Academy of Science has 
issued a report revising its earlier estimates 
of the health risks of low-level radiation, 
and indicating that these may be lower than 
it had previously suggested. 

In particular, academy scientists have 
qualified their support for the linear ‘‘no 
threshold’’ model for predicting dose- 
response relationships at low levels of 
radiation. They now say that, given all the 
uncertainties involved, a linear quadratic 
relationship is more likely to be realistic 
and that the linear hypothesis should be 
considered merely to define the upper 
limits of risk. 

The report, which was prepared by the 
Academy’s Committee on the Biological 
Effects of lonizing Radiation (the BEIR 
Committee) and was commissioned by the 
Environmental Protection Agency, does 
not recommend specific exposure levels. 
But its findings are likely to reduce pressure 
on the agency to develop more stringent 
regulations. 

The committee’s conclusions, however, 
are still under fire. The chariman of the 
subcommittee on somatic effects, Dr 
Edward Radford, claims that support for 
the linear hypothesis was downgraded on 
the basis of a biased selection of data, 
giving too much weight to laboratory 
studies and not enough to epidemiological 
evidence. Another committee member, Dr 
Harald Rossi claims that the committee has 
not gone far enough in its revisions, and 
that the dangers are still being overstated. 

The BEIR Committee first gave its 
support to the linear hypothesis in its initial 
report, published in 1972. Given the many 
uncertainties surrounding attempts to 
estimate the effects of low-level radiation, 
and in particular the impossibility of 
providing conclusive statistical evidence 
based solely on epidemiological studies, 
the committee proposed the linear 
hypothesis as a basis for regulation. 

Since then, it has been used as the basis 
for standard setting by the EPA. But it has 
been challenged by the nuclear industry, 
which claims that it provides an unrealistic 
assessment of the health risks of nuclea 
power, and thus could lead to overly- 
restrictive legislation. 

The BEIR committee came out with a 
revised version of its report last spring. It 
again endorsed the linear dose-response 
relationship as a basis for regulation and 
provided estimates of the several hundred 
additional cancer deaths per million 
population that would result from 
continuous exposure to one rad of 
radiation. 

Publication of the report, however, 
brought into the open a fierce debate which 
had until then taken place within the 
committee over how much weight to give to 
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different types of evidence — and the 
appropriate dose-response models which 
could threfore be justified. 

Five members of the committee issued a 
dissenting statement, claiming that 
insufficient weight had been given to 
radiobiological data and that accepting the 
linear hypothesis as a basis for regulation, 
would result in regulations which would 
hinder the development of nuclear energy 
and the use of radiation in medicine. 

When it became clear that additional 
members ofthe committee also had 
reservations, academy president Dr Philip 
Handler decided that the controversial 
section should. be rewritten. The revised 
report was published in Washington last 
week, with dissenting statements from Drs 
Radford and Rossi. = 

The new report goes some way to 
establishing a compromise on what the 





academy calls the ‘‘ideological 
differences” between committee members 
over methods for estimating numerical risk 
values for cancer induction. 

Whereas previously, for example, the 
committee had used data on general cancer 


incidence taken from survivors of the 


Nagasaki atomic bomb explosion, the new 
report gives this data less prominence than 
the cancer mortality data on survivors in 


both Hiroshima and Nagasaki, which 


suggests a more quadratic dose-response 
relationship at low radiation levels. 
Similary, rather than giving estimates of 
predicted increased cancer mortality and 
morbidity based directly on the linear 
hypothesis for the effects of low LET 
(linear energy transfer) radiation — 
primarily X-rays and gamma rays — the 
new report presents a range of risk 
estimates based on linear, linear-quadratic 


Calculations and measurements 


What follows is a summary of the 
definitions in BEIR HI relating to the 
somatic effects of ionizing radiation. The 
terms of reference of the study, set by the 
US Environmental Protection Agency, 
include an explicit reference to nonlinear 
effects. The report therefore includes a 
discussion of the small-scale effects of the 
interaction of radiation with matter along 
the following lines. _ 

Radiation dose (D) is a quantity of 
energy deposited in matter; the unit is the 
rad (equivalent to 100 ergs of absorbed 
energy per gramme), soon to be replaced by 
the SI equivalent of the gray (or Gy), with 1 
Gy = 100 rad. Charged particles (e.g. a 
particles) or uncharged and indirectly 
ionizing particles (e.g. X rays) differ from 
each other in the rate of “linear energy 
transfer” (LET) along their tracks; for a 
given particle, the LET is also a function of 
energy. The LET is low (a few keV per um) 
for cosmic-ray p-musons, high for 
a-particles. 

Concerned as it is with nonlinear effects, 
BEIR HI needs to introduce a microscopic 
analogue of the macroscopic dose D called 
‘‘specific energy’’ z and intended as a 
measure of energy deposition by radiation 
in sub-cellular structures such as cell nuclei. 


The deposition of energy along the track. 


of a particle is not uniform on such a scale, 
because the interactions of radiation with 
matter entail interactions with discrete 
entities in the irradiated matter. Thus 
although (with appropriate units) the 
average value of z (written z) must equal D, 
the microscopic intensity of energy 
deposition can vary dramatically with 
different kinds of radiation. 

The report goes on to consider (but does 
not eventually adopt as an assumption) the 
proposition that for radiation to cause 
somatic damage, two ‘‘sublesions’’ must 
occur within some small range (say 1 m)in 
a cell and within some specified interval of 
time. Then the frequency of ‘‘lesions’’ (E) 
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will be K(z?) where K is a constant. 
Moreover, the mean square microscopic 
dose will be related to the macroscopic dose 
(D) by z7= wD + D* where w is a constant 
determined unambiguously by the sta- 
tistical properties of z for the type of 
radiation concerned. 

One consequence of this argument is that 
even the assumption that it takes fwo 
sublesions (‘‘hits’’) within some 
microscopic region leads to a dose-effect 
relationship in which the risk of damage is 
of the form BD + yD*, but in that case 8 and 
yshould be related to each other by the 
statistical properties of the radiation 
concerned, whence the relative biological 
effectiveness of high-LET and low-LET 
radiation should be calculable. 

With this said, BEIR III says that 
wherever possible empirical data have been 
fitted to curves with the form 
(a,+a,D+a,D*) exp (-B D-B,D*) where 
all the constants are positive, a, represents 
the spontaneous rate of some effect and the 
exponential term (significant only at high 


doses) takes account of competition from 
cell death.. 


BEIR IHI includes a discussion of using 
human epidemiological data as a means of 
determining dose-response relationships 
empirically. Apart from familiar problems 
of bias (people exposed to diagnostic 
X-rays may be especially prone to cancer, 
for example), the report draws attention to 
the retrospective character of most epide- 
miological studies, the problems 
occasioned by the long latency period for 
cancer induction, the distinction between 
mortality and morbidity (and the pos- 
sibility that the latter may be under- 
reported), differences of susceptibility 
between different genetic groups. 

Numerical calculations of cancer caused 
by radiation yields rates per million people 
assumed to be taken from a population 
represented by life-tables for the United 
States population in the period 1969 — 71. 





and quadratic models. And it adds that 
linear-quadratic is ‘‘most consistent witi 
existing human epidemiological studies 
and radio-biological data and 
knowledge’. 

Dr Radford took no part in the rewriting 
process. He remains critical of the final 
results, claiming that the report ignores 
much new data in support of the linear — 
hypothesis, with the consequent risk of 
understating the dangers of radiation. 

Dr Rossi, too, remains dissatisfied. He 
claims that his own work and that of others 
on the effects of radiation on plant cells 
suggests that the linar hypothesis 
overstates the dangers. And that even 
though its prominence has been down- 
played, it is still likely to be used in standard 
setting, to the disadvantage of the nuclear 
industry. 








David Dickson 

The BEIR report uses two alternative 
models for calculating the “‘excess’’ effects 
of radiation. Absolute risks from radiation 
exposure are represented by constant 
probabilities of cancer formation, or of 
death therefrom, for each year of life after 
the lapse of the latency period. Relative 
risks are calculated on the assumption that 
the effect of radiation exposure is to 
increase the formation of cancer, or of 
cancer mortality, in proportion to the 
spontaneous rate at the age at which the 
damage becomes apparent. 

Like previous analyses of the con- 
sequences of radiation exposure, BEIR IH 
leans heavily on data gathered over the 
years from the populations of Hiroshima 
and Nagasaki, but again it breaks new 
ground by seeking to separate the effects of 
gamma and neutron doses at the two ex- 
plosions. The two explosions differed in 
that at Nagasaki ihe explosion exposed the 
population to much smaller neutron doses 
than that at Hiroshima. 

To make the calculations of risk explicit, 
BEIR HI considers three separate cases of 
radiation exposure: (a) a single exposure of 
a population represented by the US life- 
tables to IO rad of low-LET radiation; (b) a 
continuous lifetime exposure at a rate of | 
rad per year; and {c} a pattern of exposure 
to I rad a year at ages chosen so as to 
simulate occupational exposure to 
radiation. 

Different assamptions give very dif- 
ferent results. Spontaneous cancer 
mortality for the standard US population is 
calculated at 16.38 per cent, and the con- 
sequences of a single exposure of the whole 
population to a cose of 10 rad turns out to 
be an extra 766 deaths (0.47 per cent} on the 
absolute risk calculation and an extra 2,255 
deaths (1.4 per cent) on the relative risk 
basis, on the assumption that the dose- 
effect relationship is represented by a 
quadratic function including a linear term. 

BEIR IH is se far ¢listribuied in type- 
script form, but will be available in book 
form from the National Academy of 
Sciences later in 1980. 
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Alternative energy 


Europe stirs 


In Britain and France, there are now 
signs that governments are prepared to 
back alternative energy sources with real 
money. Last week, M Andre Giraud, the 
French industry minister, announced a 50 
per cent increase of the solar energy 
budget. Hard on his heels, the UK 
government will announce this week a plan 
to spend £6.5 million on geothermal and 
wind energy projects. 

With the latest increase, the French solar 
energy budget will amount to an annual £21 
million. The Commissariat à l'energie 
solaire (Comes) estimates that France may 
produce 7.5 to 9 million tonnes of oil 
equivalent (mtoe) from biomass by 1990, 
more than 10 million mtoe by 2000 and 
ultimately 30 mtoe. 

In 1990, solar heating is expected to 
provide 1.3 to 1.5 mtoe, geothermal energy 
0.8 to 1 mtoe, and ‘‘microcentrales’’ (small 
solar power stations) 0.4 to 0.5 mtoe. 
Together with biomass, these scurces will 
furnish 5 per cent of French energy needs 
compared with | per cent now. 

Biomass is the centre of the French 
programme and forest wastes, used for 
methanol production and rural energy 
needs, its chief element. There is also a plan 
to use agricultural wastes and, in the 
process, to develop fermenters and 
distilleries which can be exported to Third 
World countries. There are somewhat 
pious hopes that these countries, using 
local biomass, would then re-export liquid 
and gaseous energy products to France, 
thus ultimately reducing French 
dependence on OPEC countries. 

In Comes’s vision, French agriculture 
would also be transformed, with more 
acreage devoted to energy crops and some 
60,000 to 80,000 jobs created. 

In Britain, the Department of Energy 
has recently estimated that some 8 per cent 
of Britain’s energy requirements could 
come from biomass (including 2-3 per cent 
from burning domestic rubbish), while 
only two years ago the estimates were about 
0.5 per cent, These estimates are however 
arrived at differently from the French, and 
represent a large number of small 
contributions from the energy-efficient use 
of farm and industrial waste, and finding 
Sites for energy crops. 

The major UK commitment announced 
by the Department of Energy this week is to 
geothermal ‘‘hotrocks’’ by means of a £7.2 
million, three-year research programme at 
the Camborne School of Mines in 
Cornwall. The United Kingdom will 
provide £6 million and the European 
Commission £1.3 million for the 
project,which is intended to demonstrate 
the feasibility of a 30 MW (thermal) 
generator involving paired wells, 6,500 ft 
deep, and 2 million m? of fractured rock 
surface. The project is ‘‘complementary”’ 
to that at Los Alamos in the United States, 
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using explosive fracturing rather than high 
water pressure to create the surface, 
project leader Dr A W Batchelor said this 
week. The entire land area of the United 
Kingdom could be exploited for 
geothermal energy production, said 
Batchelor, producing electrical energy at 
10 per cent efficiency, if commercial 
drillings could be constructed to reach 
7,000 to 8,000 metres depth. (Current 
deepest North Sea wells are 6,000 metres.) 

A further grant of £450,000 goes to Dr 
Peter Musgrove of the University of 
Reading to develop a 25-metre diameter, 
130 kW vertical axis windmill, the 
prototype of a 2-3 MW device. The North 
of Scotland Hydroelectric Board is 
showing great interest in wind energy, 
which is increasingly seen as the most 
advanced of the alternative sources in the 
United Kingdom. 

In Germany, a question in the Bundestag 
last week led to the publication of figures 
which showed a decrease in the non- 
nuclear energy research programme for the 
first time since 1972. By 1979, spending in 
the programme had reached £164 million 
but it fell to £148 million this year. Within 
the decrease however, — alternative energy 
research managed to score a rise from £20 
million (1979) to £25 million (1980). This 
year’s budget includes £14 million on solar, 
£6 million on wind and £4 million on 
geothermal energy. Comparable figures 
for the Department of Energy in the United 
Kingdom are £1.7 million on solar, £1 
million on wind and £2.1 million on 
geothermal. 

Robert Walgate 


Alternative technology 


Water play 


Villagers from two very different 
developing countries, Kenya and Nepal, 
are to benefit from the results of a project 
to improve the efficiency of watermills 
used to grind corn. The project has been 
stimulated by Jean Gimpel, a European 
historian of science and technology, who 
says that several international agencies are 
taking an interest. 

Vertical axis watermills appear to be in 
common use in hilly regions of many 
developing countries (and can even be 
found in some industrialized countries). 
They have traditionally been used to grind 
corn for small communities of farmers. M. 
Gimpel, whose cause is the revival of 
traditional technologies in rural areas, first 
interested the Nepalese in modernizing 
traditional watermills by taking to Nepal a 
model of a watermill of improved design. 
Last year, the Research Centre for Applied 
Science and Technology (RECAST) at the 
University of Kirtiput set up a project to 
build a prototype mill in the Kathmandu 
valley under the supervision of Mr C. B. 
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Joshi. M. Gimpel says that the Agricultural 
Development Bank of Nepal has been 
sufficiently impressed with the project to 
have distributed models of the prototype to 
all its branches. The bank has also set up a 
loan scheme for millers who want to 
improve their own mills. 

The RECAST watermill succeeds chiefly 
by using well designed bucket-shaped 
vanes which can accept the full impulse of 
the water. Replacing the pin mounting of 
the turbine shaft with ball bearings also 
increases efficiency, as does enclosing the 
water feed to the mill in a covered chute. 
Gimpel and Joshi say that all the work can 
be done with local skills, mainly the 
carpenter’s who can carve new paddles to 
the specified design. 

Mr Joshi has compared the performance 
of the improved and traditional mills and 
says that the modified watermill is 80 per 
cent more efficient. The power output is 
increased by 81 per cent, the speed by 48 per 
cent and the productivity by 50 per cent. 

The improvements also include a 
millstone cover to prevent loss of flour 
during grinding, a system for collecting the 
flour to save time and wastage in brushing 





the flour off the stone and electric light 
generated by a small dynamo driven by a 
bicycle wheel. 

Although the improvements cost 
money, Mr Joshi estimates that the extra 
costs should be repaid more than three 
times within a year. He also says that the 
increased power output of the mills could 
be used to drive other machines — rice 
dehuskers, trip hammers and bellows and 
circular saws or lathes. He foresees small 
industries based around the mills, rather 
similar to the industrial complexes of 
eighteenth century England. 

The Kenyan government, which has 
taken up the project since seeing models of 
the Nepalese mill at the United Nations 
conference on Technical Cooperation 
between Developing Countries in Nairobi 
in May, is hoping to have a small complex 
of several full-scale improved mills 
operating near Nairobi for next year’s 
international conference on renewable 


energy. 
Judy Redfearn 
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ATTEMPTS to reconstruct the history of the 
world’s climate and to understand its 
changes are among the oldest of geological 
problems. While enormous progress has 
been made in recent years, especially in 
understanding Cenozoic (0 to 65 Myr) 
climates, it is sobering to read Lyell’s' 1837 
summary of paleoclimatology and to 
realize for how long geologists have been 
struggling with similar climatic questions. 
One problem which continues to create 
difficulties is the host of variables which 
can be summarized under the term climate 
(e.g. average and seasonal variation of 
temperature, average and seasonal 
distribution of rainfall, aridity, wind, etc.) 
while only one, or a very few, are 
manifested in any single type of deposit. 
Furthermore, many of these climatic 
variables can only. be documented in a 
qualitative or semi-quantitative fashion. 

An exception to this state of affairs is the 
climate of the past million years or so. A 
great deal is now known“ about the nature 
of glacial and interglacial stages and the 
timing of each. It has been possible to 
develop testable hypotheses of the causes 
of glacial-interglacial fluctuations and to 
develop models of glacial-stage 
atmospheric circulation’. 

Further back in time interpretation of 
climate becomes increasingly difficult. Ata 
recent symposium on Pre-Pleistocene 
Climates*, J. Imbrie (Bown University) 
painted to recent advances in Pleistocene 
climatology. Two types of models which 
are likely to prove especially useful are 
Global Circulation Models (GCM’s) and 
models which can be thought of as 
sensitivity studies, designed to test the 
sensitivity of the climate to proposed 
changes in some controlling variable (e.g. 
insolation, atmospheric chemistry, 
continental and oceanic geometry, etc.). 
GCM’s have been applied to the study of 
atmospheric circulation 18,000 years ago’ 
with promising results. L. Gates (Oregon 
State University) discussed the kinds of 
geologic information needed if GCM’s as 





*The syipesam was held on May 22. 1980 in Torone at the 
Annual Meeting of the American Geophysical Union and was 
part of a study by the Geophysics Study Commitee of the 
National Research Council. The aims of the SERHAD and 
Study are to summarize the status of Pre-Pleistocene 
climatology and to identify key areas for future research. A final 
acid will be published by the National Academy of Sciences in 


Mie meetan ea a a it anana ariera a a aaea m EX 
7+ omare nmana anmaneananannnaanaaaa aN: Aint nce aaen aana 


DORGA IS RI SOAS LENSO GO 


mnn aan a OE I ern 





from Samuel M. Savin 


well as simplified models are to be applied 
to the study of Mesozoic and Paleozoic 
climates. 

Geologic information becomes 
increasingly generalized and climatic 
models must become correspondingly less 
detailed as we proceed backward in time. 
Pre-Jurassic deep sea sediments have been 
entirely swallowed up in subduction zones 
so the record of marine climate is found 
only in those continental shelf sediments 
that have survived erosion or 
metamorphism ~~ a scattered record at 
best. However, so little is known about the 
climates of Paleozoic and Precambrian 
times that even a small amount of climatic 
data may answer key questions. For some 
parts of geologic history zero-dimensional 
climatic models, yielding average global 
temperatures, can be most useful. In 
earliest geologic time, for example, J. 
Pollack (NASA-Ames Research Center) 
noted that almost any acceptable theory of 
solar energy production yields solar output 
only 70 or 80 percent of the modern value. 
The geologic evidence, however, suggests 
that temperatures during at least much of 
the early Precambrian were as warm as, or 
warmer than today’s. Any interpretation 
of the mechanisms controlling 
Precambrian climate must resolve this 
dilemma. 

Deep sea sediments, when they are 
available, provide the most readily 
interpretable climatic information. The 
two most common approaches to 
obtaining paleoclimatic information from 
deep sea sediments are those based on 
paleontology and those based on oxygen 
isotope analyses. Haq (Woods Hole 
Oceanographic Institute) demonstrated his 
method of identifying acme events, or peak 
periods of environmentally (including 
climatologically) induced floral and faunal 
migration. Identifying such events involves 
obtaining fossil census data covering a 
broad geographical area. The unwieldy 
census data is reduced into a manageable 
number of factors, the dominance of each 
of which is presumed to be 
environmentally controlled. The migration 
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Pre-Pleistocene climates 


of the factors through space and Ume is 
then interpreted in terms of variations in 
environmental conditions. 

Oxygen isotopes have permitted detailed 
interpretation of surface and bottom water 
temperature history throughout the 
Cenozoic. While there is some debate, 
especially for the late Cenozoic, as to the 
extent to which isotopic variations reflect 
temperature change and the extent to 
which they reflect the growth and retreat of 
continental ice, isotopic fluctuations can 


‘be correlated remarkably well from place 


to place and clearly reflect climatic 
variations. Berger (Scripps Institute of 
Oceanography) characterized the Cenozoic 
isotopic record as showing step-like 
transitions from.one state to another and 
attempted to discriminate between 
externally forced climatic changes and 
those generated internally within the earth- 
ocean-atmosphere system. He suggested, 
as did Thierstein (Scripps), that a number 
ofevents including the terminal Cretaceous 
extinction event and the rapid growth of 
Antarctic ice in mid-Miocene time belong 
to the latter class. Moore and Pisias 
(University of Rhode Island) examined the 
Cenozoic isotopic record, concentrating 
on variability rather than absolute values 
of temperatures. Using this annual 
approach they were able to show that the 
climate is substantially more variable at 
some- times than others. Highly variable 
climates may turn out to be characteristic 
of less stable climatic systems, easily 
shifted from one state to another. The 
oxygen isotopic compositions of pre- 
Cretaceous fossils have frequently been 
altered by diagenetic processes. As pointed 
out by Savin, and by Hallam (University of 
Birmingham) the isotope record adds little, 
if anything, to our understanding of 
Jurassic climates. Uncertainties in the 
interpretation of the isotopic data are as 
large as or larger than uncertainties in non- 
isotopic estimates of Jurassic 
temperatures. Perhaps surprisingly, 
isotopes, especially of cherts, promise to be 
useful in providing constraints on early 
Precambrian temperatures. While the 
uncertainties in the ismtopic temperature 
are indeed large, they are smaller than 
uncertainties in temperatures estimated by 
other means. 
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In assembling the climatic record on the 
continents it seems difficult to avoid the 
anecdotal approach. Terrestrial deposits 
are widely scattered and are subject to local 
variations in climate. Climatic variables 
other than temperature are far more 
important in affecting terrestrial deposits 
than marine. However, in spite of these 
difficulties, Wolfe (US Geological Survey) 
was able to show that Cenozoic climatic 
changes derived from North American 
plant fossils parallelled those of the North 
Atlantic from planktonic foraminifera. 
Eugster (Johns Hopkins University) 
showed a climatic reinterpretation of the 
Eocene Green River evaporites suggesting 
a climate similar to that of Holocene 
Southeastern California. Van Houten 
(Princeton University) assembled data on 
ancient laterites and calcretes from which 
he was able to draw consistent conclusions 
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about climatic zonations. Crowell 


(University of California, Santa Barbara) — 


assembled and critically evaluated evidence 
for Paleozoic and Precambrian 
glaciations. He offered a hypothetical 
series of plate reconstructions for 
Precambrian glacial stages not based on 
geophysical constraints but drawn so as to 
cluster glaciated regions in polar areas. 
Uncertainties in the paleomagnetic data are 
sufficient to permit considerable freedom 
in choice of continental positions. While 
lagging behind our knowledge of oceanic 
climates, knowledge of terrestrial climates 
is becoming more complete and techniques 
for obtaining that knowledge are becoming 
more sophisticated. 

The oceans carry a significant amount of 
heat, and hence changes in oceanic 
circulation can be expected to have 
affected climate. Berggren (Woods Hole) 
presented a correlation between the climate 
of the past 200 Myr and the opening and 
closing of oceanic gateways (or barriers to 


Towards a submarine hydrology 


from Marcus G, Langseth 


THE excitement generated by the discovery 
of hydrothermal fields at the axes of the 
Galapagos and the East Pacific rises notwith- 
standing, seawater movement within the 
crust also dominates geothermal heat 
transfer in the older and colder midoceanic 
ridge flanks. The pore fluids involved in 
this circulation system are at low 
temperature (usually less than 50°C at the 
top of the crust) and flow rates are slow 
(centimeters per year). If the high 
temperature hydrothermal zones at ridge 
axes are analagous to volcanic and 
geothermal zones such as Iceland, the low 
temperature circulation on the ridge flanks 
may be likened to groundwater movement. 
The phenomena of submarine hydrology 
may have little intrinsic glamour but their 
scientific and practical importance is 
nevertheless great. Several groups, 
particularly in the United States, are busily 
exploring ridge-flank thermal regimes and 
the past two years have seen some 
interesting and puzzling developments. 
Many of these emerged at the last three 
meetings of the American Geological 
Union. 

The evidence that cold bottom-water 
circulates below the seafloor consists of 
temperature gradient measurements which 
show that temperatures at the base of the 
sedimentary layer are much less than those 
expected if the crust were in conductive 
equilibrium with the lithosphere. 
Anomalously low crustal temperatures are 
usually found where the sedimentary cover 
is thin (less than 200 meters) and where 
there are frequent exposures of the igneous 
oceanic basement. The inference is that 
bottom-water enters the igneous crust at 
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these exposures and moves laterally below 
the sediments through a basement made 
permeable by extensive fracturing, thus 
carrying away much of the geothermal 
heat. It has been assumed that this 
circulation is driven by geothermal heat so 
that it is a kind of channelized convection, 
but recent observations have brought this 
simple model into question. 

These observations were made on the 
flanks of the Mid-Indian Ocean Ridge by 
the Lamont-Doherty group late in 1977. 
They involve lines of closely-spaced 
temperature gradient measurements made 
with a temperature probe two to five meters 
long which is lowered into the sediments as 
it is towed over the bottom by a surface 
ship. Sonic reflection profiles over the 
same area throw light on the structure of 
the sediments. The heat-flow variations 
suggest that there is cellular convection in 
the crust and that some of the discharge 
and recharge may take place through the 
sedimentary cover. A group from the 
University of Washington, in a joint study 
with the Pacific Geoscience Centre in 
Canada, has made similar studies on the 
Juan de Fuca and Explorer ridges and 
found evidence for cellular convection and 
for the penetration of cold seawater 
beneath the sediments for distances of up 
to fifteen km from the nearest outcrops. 
Another survey on the flank of the Mid- 
Atlantic Ridge east of Brazil by the 
Lamont-Doherty group indicates that the 
crust is cooled up to twenty km from 
basement exposures requiring lateral flow 
rates in the range of 10°? to 10° "m/sec. 

Particular attention has been paid to the 
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circulation). At the time of the Eocene- 
Oligocene boundary there is a correlation 
between the opening of the Greenland- 
Norwegian Sea to the Arctic, the breaching 
of the Rio Grande Rise and the possible 
initial opening of the Drake Passage on the 
one hand and the marked cooling of 
oceanic bottom water and terrestrial 
climates on the other. He also pointed toa 
correlation between the elevation of the 
Isthmus of Panama 3 Myr ago and the 
onset of Northern Hemisphere continental 
glaciation. a 

In a field as complex and wide ranging as 
the history of climate throughout the 
history of the earth it is not surprising that 
the extent of our knowledge so often seems 
small. However, it was apparent at the 
symposium that great strides have been 
made in the past 15 years in pre-Pleistocene 
paleoclimatology, not only in the 
acquisition of climatic knowledge but in 
the development of new tools and 
techniques. a 


Pacific, discovered in 1963, by Von Herzen 
and Uyeda in the Guatemala Basin 
southwest of Central America and at the 
equator southest of Hawaii. The areas are 
covered by thick pelagic sediments, 300m 
or more thick, yet their average heat-flow is 
less than one-third of the mean heat-flow 
from the earth. A Woods Hole group has 
now studied the Equatorial Low Heat- 
Flow Zone and found thermal evidence for 
an upward flow of porewater through the 
sedimentary blanket. The highest heat 
fluxes coincide with areas of rough 
basement which seem to focus the water 
flow. 

Earlier this year, a Lamont-Doherty 
group made a detailed survey in the 
Guatemala Basin. Seismic profiling 
surveys showed a 400 m sedimentary 
blanket periodically broken by north-east 
trending ridges protruding through the 
cover and associated with fracture zones 
spaced 40 to 50 km apart. A line of 
temperature gradient measurements 
between two of the ridges shows 
anomalously low gradients even though the 
entire area between exposures is thickly 
sedimented. It appears that the basement in 
the Guatemala Basin is being ‘ventilated’ 
by this regularly spaced set of ridges. 

During this survey, measurements of 
porewater pressure within the sediments 
were made by Dallas Abbott of the 
Lamont-Doherty Observatory. Anoma- 
lously, pore pressures are less than 
hydrostatic in sediments five meters below 
the seafloor and are accompanied by low 
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temperature gradients. Abbott explained 
that these are exactly the circumstances 
that would be expected if there were a 
downward flow of porewater. She 
_ suggested that the low temperature in the 
thick sediments of the Guatemala Basin 
may indicate a slow drawdown of seawater 
through the sedimentary cover that 
reemerges at the ridges. 

Whether the flow through the sediments 
is, however, significant is controversial. 
Nonlinearities of temperature profiles on 
the ridge flanks have been repeatedly ob- 
served. The Lamont-Doherty group, on 
the basis of their 1977 survey, attributed 
ihese to water flow through the sediments. 
At most stations temperature gradients 
decrease with depth, implying upward 
flow. 

The flow rates are surprisingly high, tens 
of centimeters per year. Even if the permea- 
bility of sediments is among the higher 
values found in the samples, pressure 
gradients of the same order of magnitude 
as the hydrostatic are needed to drive the 
flows. The pressures cannot be achieved by 
thermal stresses associated with thermal 
convection but three possibilities remain: 
1) the in situ permeability is much higher 
than laboratory measurements indicate; 
2) there are unknown sources of pressure 
in the oceanic crust; or 3) the non-linear 
temperature profiles may have another 
explanation. Nonlinearity in temperature 
profiles can stem from many phenomena; 
for example an increase in conductivity 
with depth, changes in the bottomwater 
temperature and. heat generation in the 
sediments. The present data are insuf- 
ficient to decide between alternative 
explanations and as a consequence, there is 
much interest in other approaches demon- 
strating significant flow of eae ay 
interstitial water. 

Chemical gradients in sedimentary 
porewater will also vary with depth if the 
flow rates are of the same magnitude as the 
ionic diffusion rates. A combined 
‘University of Rhode Island and Woods 
Hole study, reported at the June 1979 
American Geophysical Union Conference, 
found calcium-depth profiles in sediments 
in the Galapagos Hydrothermal Mounds 
field consistent with an upward flux of 0.3 
to 15 cm yrl; whereas, profiles in an 
adjacent low heat-flow zone show seawater 
concentrations of calcium consistent with 
downward advection of water. However, 
sediments in this area are only about 20-30 
m thick. 

Porewaters from DSDP cores provide 
chemical profiles across thick sedimentary 
layers and a consistent pattern is emerging 
from measurements made by geochemists 
at the Scripps Institute, Lamont-Doherty 
Observatory and the University of Rhode 
Island. Sediments in older areas of the 
ocean show chemical gradients that 
preclude water flow through the sediments 
at thermally significant rates. However, in 
ridge flank areas, chemical gradients in the 
sediments are small or nonexistent, so 
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vertical advection may be possible. The 
chemistry of interstitial waters promises to 
be one of the clearest means to detect water 
advection, particularly when coupled with 
temperature profiles. , 

The other means of investigating 
possible subseafloor flows is by in situ pore 
pressure measurements. The measure- 
ments of Abbott in the Guatemala Basin 
were the first such experiments attempted 
in deep-sea sediments. The measurements 
are difficult to carry out but initial results 
are repeatable and show significant 
pressure anomalies. Further tests of this 
new technique are planned. 

Deep-sea drilling on the Costa Rica Rift 
during DSDP-IPOD Leg 69 showed there 
was a substantial drop in excess pressure 
across a 260 m thick sedimentary layer. 
One hole drilled through the sediments and 
into the basement showed a drawdown of 
water of about one meter per hour which 
persisted for at least 60 days. Pore 
pressures at the bottom of this hole 
estimated from extrapolation of pulse tests 
were nearly twenty bars below hydrostatic. 
Anomalously low pressures below the 
sediments may be a widespread phe- 
nomenon, as they have already been 
reported at two sites in the Mid-Atlantic 
Ridge on Legs 37 and 46 and Leg 60 in the 
Mariana Trough. 

There are a number of ways by which the 
low pressures may be produced. They 
include; a fossil low pressure, perhaps from 
the lowered sea level of the last ice age; 
alteration reactions in the basement that 
cause a volume decrease and large-scale 
thermal convection with the low pressure 
field centred below the sediments. The 
possibility that the low pressures result from 
intrabasement reactions suggests that 
inward flow of water at outcrops can occur 
without discharge, a result that would agree 
with seafloor heat-flow observations. 


Membrane protein dis tril 


from M.J. Geisow 


On theoretical as well as experimental! 
grounds, lipid vesicles have long been 
considered the likely carriers of proteins 
between the membranes of the cell. 
Rothman and Fine (Proc. natn. Acad. Sci. 
U.S.A. 77, 780; 1980) have now 
demonstrated that a trans-bilayer 
glycoprotein, the small G protein of 
Vesicular Stomatitis Virus (VSV) is 
inserted into the membrane of coated 
vesicles during its migration to the surface 
of CHO cells. Furthermore — and of wide 
importance for studies of the transport of 
proteins synthesised on rough endoplasmic 
reticulum (RER) — intracellular transit of 
G from RER to the Golgi apparatus in 
which terminal sugars are added also takes 
place in clathrin-coated vesicles. 





M.J. Geisow is in the National Institute for 
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The proposal that Challenger be _ 
available for an additional two years of © 
Deep Sea Drilling could allow new data fo 
be obtained on the hydrology of the 
oceanic crust. Particularly important will 
be pressure measurements in holes that 
penetrate through sediments into igneous 
basement. These measurements can be 
made with a packer, a tool that seals the 
annulus between the hole wall and the pipe, 
allowing bottom-hole pressures and in-situ 
permeabilities to be determined. Tempera- 
ture and porewater chemistry observations 
in the sediments and in the bottom of holes 
that penetrate basement will add the third 
dimension to the seafloor distributions 
provided by conventional seafloor 
methods. 

One of the most promising approaches 
to the problems discussed here would be to 
use the Challenger to reenter existing holes. 
These holes are in thermal equilibrium and 
the experiments using the packer could be 
efficiently done in a predrilled hole. A 
sufficient number of reentry holes in both 
the ridge flank anc in older seafloor exist to 
permit a variety of thermal and 
sedimentary environments to be sampled. 

The questions about the extent and 
magnitude of circulation in the suboceanic 
crust have great relevance to problems of 
nuclear waste disposal in the deep seabed. 
The US Department of Energy is consider- 
ing the burial of waste in durable cannisters 
within sediments such as the abyssal clays 
of the Northern Pacific which are assumed 
to be impermeable. Incomplete knowledge 
of the driving forces and extent of water 
circulation in the crust and sediments 
makes these assemptions questionable. 
However, should it turn out that low 
pressures in the oceanic crust are not 
associated with circulation that returns 
seawater to the ocean, then long-term 
disposal may become a possiblity. | 





The character of the clathrin coat and its 
ssembly in the plasma membrane may 
provide a basis for the specificity required 
in a membrane protein transport system. 
As early as the 1960's, Friend and Farquhar 
(J. Cell. Biol. 35, 269; 1967) suggested that 
coated vesicles conveyed material to apical 
regions of the plasma membrane in rat vas 
deferens epithelia! cells. The vesicles were 
seen in close association with the Golgi 
apparatus and cytochemical observations 
suggested that they might also transport 
lytic enzymes to lysosomes but supporting 
biochemical evidence was lacking until the 
experiments of Rothman and Fine. 

Their choice of a viral protein to track 
the route of membrane proteins was a 
simplifying one aseG is the only 
glycoprotein synthesised in CHO cells 
following VSV infection. In just the same _ 
way as native membrane glycoproteins, G 
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is glycosylated in the endoplasmic 
reticulum and hexamannose units of the 
core oligosaccharide are replaced by 
terminal sugars in the Golgi apparatus. The 
pre-Golgi form of G is distinguishable from 
the post-Golgi processed protein by its 
sensitivity to endoglycosidase H (Endo H). 

Coated vesicles purified from a large 
pool of VSV-infected cells contained G as 
well as the characteristic spectrum of 
vesicle polypeptides and G could be co- 
precipitated with clathrin using mono- 
specific anticlathrin. Newly-synthesized G 
was detectable by pulse-chase labelling, in 
this case carrier vesicles derived from 
bovine brain allowed isolation of a small 
number containing radiolabelled G. A 
kinetic study of the transport of G in the 
vesicles was then possible, using Endo H to 
determine the amount of Golgi-processed 
protein. 





It was clear that G was present in coated 
vesicles in transit to the plasma membrane 
since the vesicle fraction never contained 
more than 20% of the pool of labelled 
protein. More importantly, the specific 
activity of labelled G in the vesicles rose 
twice during the chase, showing the 
transport of first the Endo-H sensitive 
(pre-Golgi) glycoprotein and then the 
transport of the Endo-H resistant 
glycoprotein. The clearance of the post- 
Golgi form of G from the vesicles coincided 
with the appearance of G on the cell surface 
(55% of the label in 65 min). 

G was demonstrated to be actually 
present within the coated vesicle membrane 
by uncoating vesicles containing 
‘H-mannose-labelled G on metrizamide 
gradients. A single ‘H-labelled polypeptide 
corresponding to G floated up with the CV 
lipid vesicle fraction. 
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Coated vesicles are known to ‘shuttle’ 
rapidly within cells and short transit times 
are certainly in keeping with their functions 
as a transport system. The presumed 
cycling time of coated vesicles is much 
faster than the observed time for the total 
transport of pulse-labelled VSV G protein 
Suggesting that many trips are made by the 
same vesicles or at least certain of their 
components. The difficulty of depleting 
some endocytic receptors which are known 
to be internalized in coated vesicles again 
suggests that they are re-used. 

Of course, the recognition of the identity 
of the carriers sull leaves open the question 
of how a given protein arrives at the 
appropriate cellular membrane, but at least 
this sorting problem has been brought 
nearer to the compass of current 
experiment. 


Adhesion of pathogenic microorganisms 


from Mary Lindley 


MICROORGANISMS that enter the internal 
tracts of the body and come to rest on 
mucous membranes would seem to need a 
firm anchorage before invading or dis- 
charging their toxins into the underlying 
epithelium. Otherwise they would surely be 
swept away by the muscular activity of the 
tract or by the fluid passing through. 
Nevertheless, a link between adhesion and 
pathogenicity was recognised only slowly. 
The first clear evidence of the significance 
of bacterial adhesion came during the 
1970s when veterinary scientists showed 
that certain strains of Escherichia coli must 
produce not only toxins but also an 
antigen, designated K88, in order to cause 
diarrhoea in piglets. Recognised by the 
ability to agglutinate red blood cells, K88 
and the similar K99, produced by strains 
infecting calves and lambs, are hair-like 
fimbriae (also known as pili but unrelated 
to sex pili), which mediate adhesion to the 
intestinal mucosa. Analogous plasmid- 
encoded fimbriae, designated colonisation 
factor I and I] (CFA/I and /I1), have been 
described in certain £.coli from cases of 
human diarrhoea. 

Thus a similar picture has begun to 
emerge for human diarrhoea, although the 
pace of work is hampered by the difficulty 
of finding a suitable system to study. Ata 
recent symposium on adhesion and patho- 
genicity* D.C.A. Candy (Institute of Child 
Health, London) reported tests of 
adhesion of E.coli to human buccal 
epithelial cells and intestinal cells. This 
work has confirmed that CFA/I is 
important in adhesion to human small 
intestine. Investigation of an outbreak of 
acute diarrhoea in infants has lead to the 
isolation of a strain of E.coli producing a 
colonisation factor resembling CFA/II. 





Mary Lindley is an assistant editor of Nature. 
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There are also signs that some infants with 
protracted diarrhoea may be more prone 
than others to adhesion by &.coli, in the 
same way that some but not all piglets 
develop diarrhoea in response to E.coli 
carrying K88. 

Apart from CFA/I and/II, strains of 
E.coli causing diarrhoea in man may carry 
antigens of a different sort — type | 
fimbriae (also known as common 
fimbriae). M.M. Levine and his colleagues 
(University of Maryland School of 
Medicine, Baltimore) are looking for a 
combination of all three that could form 
the basis of vaccine against infant and 
travellers’ diarrhoea, analogous to that 
already used successfully for piglets. He 
suggested that a vaccine would probably 
include antigens such as CFA/Iland/II plus 
type | fimbriae of perhaps three different 
antigenic varieties. The immediate task is 
to find antigens common to a sufficient 
variety of bacterial strains to provide a 
broad spectrum of protective antibodies 
when used as a vaccine. 

Studies of Neisseria gonorrhoeae 
adhering to buccal epithelial cells, 
described by E.C. Tramont (Walter Reed 
Army Medical Center, Washington DC) 
have shown that fimbriae are the principal 
antigens mediating adhesion, again 
making them the obvious target for 
prophylaxis. Human antibodies against 
these fimbriae can be found in genital 
secretions from naturally occurring cases 
of gonorrhoea, albeit needed in very large 
amounts to block adhesion in vitro, One 
possible approach to prevention could be 
immunization to produce protective anti- 
bodies against fimbriae. The other 
approach discussed by Tramont would be 
to inhibit adhesion competitively by 
bathing the site of infection in fimbriae. 
Tramont believes that any vaccine against 





bacteria (&.coli:026:K60) 
human small intestine. 
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gonorrhoea will have to be applied locally 
to give the best possible results. 

C. Svanborg Edén (University of 
Göteborg, Sweden) thinks that fimbriae 
also mediate the adhesion of those 
intestinal E.coli that infect the urinary 
tract. She has found that the extent of 
adhesion seems to be related to virulence, 
which is greatest in strains causing acute 
pyelonephritis, intermediate in those 
causing acute cystitis, and low in those 
producing no symptoms although they are 
detectable in the urine. Susceptibility to 
infection also seems to vary, and this, she 
suggested, may be associated with the 
density of receptors on the host cells. 
Candidates for those receptors are 
glycolipids related to globoside, which 
inhibit the adhesion of E.coli to urinary 





*A symposium on Adhesion and Microorganism Pathogenicity 
was held on 13-18 May at the Ciba Foundation in London. It was 
organised by Dr Katherine Elliott and the proceedings will be 
published by Pitman Medical 
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tract epithelium, whereas other glycolipids 
and monosaccharides do not. 

N. Sharon (Weizmann Institute, 
Rehovoth} reminded the symposium that 
bacterial adhesion may be inhibited by 
simple sugars, particularly mannose in the 
ease of various strains of E.coli and 


salmonella. This has suggested that 
mannose or mannose-like residues on the 
host cell form part of the receptor for the 
bacteria which attach to them. There is 
considerable evidence, said Sharon, that 
many strains of bacteria contain a lectin- 
hike substance, specific for mannose, which 
may take the form of fimbriae or flagella or 
may be embedded in the outer membrane. 
{Adhesion mediated by CFA/I and/Il, 
K&8 and K99 is insensitive to mannose, 
while that due to type 1 fimbriae is 


sensitive.) He said there is good reason to _ 


believe that the mannose-sensitive attach- 
ment plays a role in pathogenicity, and he 
has found that a methyl-D-mannoside 


diminishes infection of the urinary tract of 


mice by virulent strains of E.coli, 
Adhesion, often of a more transitory 
nature, is an obligatory step in the infection 
of cells by mycoplasma. S. Razin (Hebrew 
University of Jerusalem), describing work 
done in conjunction with W. Bredt 
(University of Freiburg), said that 
adhesion, chiefly in the respiratory tract, 
enables toxic products of mycoplasma 
metabolism, such as ammonia and 
hydrogen peroxide, to reach 
= concentrations sufficient to damage the 
cells. He said that sialic acid residues form 
the receptors of the cells, while the binding 
sites on the mycoplasma are apparently 
membrane o Adhesion seems to 
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depend on the metabolic state of the 
mycoplasma, with the electrochemical ion 
gradient across the membrane also being 
influential. 

Another parasite, the protozoan 
responsible for amoebic dysentery, has 
come under closer scrutiny as a health 
problem of the developing worid. The 
trophozoite stage of Entamoeba histolytica 


begins the infectious process by adhering to 


intestinal epithelial cells, and from there 
can penetrate into the circulation, adhering 
to red blood cells and phagocytosing them. 


D. Mirelman (Weizmann Institute) 
reported that a lectin found in the 


trophozoite is apparently involved in the 
adhesion. He thinks the lectin is separate 
from the amoeba’s toxin, for the two 


activities can be demonstrated in different” 


fractions obtained from the trophozoite. 
For the merozoite stage of the malaria 
parasite, adhesion to red blood cells is an 
essential part of the cycle of invasion, 
multiplication, release and reinvasion that 
produces characteristic symptoms of 
anaemia and fever in the host. Adhesion 
seems to be mediated by specific receptor 
molecules on merozoite and red cell — 
evidence includes the specificity of each 
species of merozoite for either young or old 
red cells of certain host species and for a 
particular blood group antigen. R.J. 
Howard (National Institute of Allergy and 
Infectious Diseases, Bethesda), discussing 
work with Plasmodium vivax and 
Plasmodium knowlesti, pointed out that 
characterization of the molecules involved 
in recognition is hampered because the 
morphological changes occurring during 
the cycle are likely to affect the receptors. 
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from R.J. Roberts 


A recent Smithsonian Contribution to 
Zoology* by Cressey & Cressey has made 
a major contributvon to resolving many 
of the problems of copepod taxonomy. 
There are more ‘han a 1,000 known 
copepod species with very wide ranging 
structural diversity and the same 
hallowed, often inaccurate, drawings 
have appeared in text after text. The 
copepods are parasites of the 
economically important mackerel and 
tuna fish groups and when they occur in 
large numbers they can be a source of 
significant financial loss. 

The scanning electron microscope 
pictures from the report, reproduced 
alongside, show various features of a parasite 
of the tunny. The bottom right-hand 
plate, which they designate “the happy 
mouthtube’’ shews something that 
parasitologists have long suspected — 
that copepods enjoy life even if their 
hosts do not. 2 
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Smithsonian Conirtbutions to Zoology 314 in 
Insutugion Press, Cin of Washington, 1@80). 
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D.P.H. Wallach (Tufts-New England 
Medical Center, Boston) recalled that after 
invasion, a merozoite matures and 
multiplies within a vacuole. At the same 
time the host red cell’s cytoskeleton is 
destroyed and its surface membrane is 
altered by modification of component 
proteins and insertion of others synthesised 
by the parasite. The new proteins are 
immunogenic in the host, and two of them 
are involved in protective immunity and 
have antigenic features common to several 
species of Plasmodium that cause malaria 
in mammals. This lack of species specificity 
should make such proteins an attractive 
target in the search for a vaccine against 
malaria. 

_ Although the details of adhesion and its 
relationship to pathogenicity are likely to 
be hard won, the potential rewards in terms 
of prevention and treatment of disease are 
clearly considerable. Vaccines are an 
obvious outcome to hope for, but other 
approaches are possible. E.H. Beachey 
(University of Tennessee College of 
Medicine, Memphis) reported that small, 
sublethal concentrations of various 
antibiotics can rons the adhesion of 





Especially effectiv e are E a ata act 
on the ribosomes or the cell wall, and 
Beachey presumes that they interfere with 
the synthesis or assembly of the fimbriae. 
This suggests the possibility of combating 
bacteria with doses of antibiotics sufficient 
to prevent adhesion but not necessarily to 
kill them: such iow doses would avoid 
problems of toxicity. As the details of 
adhesion become better understood, more 
such relationshipsshould e1 emerge. 
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Virus crystallography comes of age 


from Stephen C. Harrison 


VIRUS particles are simple paradigms for all 
sorts of sub-cellular assemblies, and 
detailed views of their organization have 
long been sought. X-ray diffraction studies 
of virus crystals began at almost the same 
time as crystallographic investigation of 
small proteins', and a certain mystique of 
the ‘ultimate’ in large unit cells grew up 
around them. The reports in Nature by 
Abad-Zapatero el al. ? of Southern Bean 
Mosaic Virus (SBMV) at 2.8 A resolution 
and by Unge el al. of Satellite Tobacco 
Necrosis Virus (STNV) at 4 A resolution 
follow by less than two years the publi- 
cation of 2.8 A resolution structures of 
Tobacco Mosaic Virus (TMV) disk* and of 
Tomato Bushy Stunt Virus (TBSV)*: ‘virus 
crystallography’ is no longer a vague 
promise, and several striking results 
emerge from comparison of the structures 
at hand. 

All these efforts have relied on some 
recent advances in technique — par- 
ticularly in computing. Rossman and 
Blow® observed almost 20 years ago that 
non-crystallographic symmetry in 
Structures such as viruses could 
enormously facilitate solution of the X-ray 
phase problem, but only in the last five 
years have algorithms, machines and 


programs been available to carry out the 
lengthy iterative calculations’. In principle, 
these iterations should converge from any 
initial approximation to the phases; in 
practice, however, experimental errors in 
observed structure amplitudes and ap- 
proximations in the computational scheme 
require a non-random starting point. The 
work on TMV disk, TBSV and SBMV have 
all relied on the standard method of 
isomorphous replacement to provide this 
start. The STNV solution is rather more 
daring, using isomorphous phases to 10 
and phase extension stepwise to 4A by non- 
crystallographic symmetry averaging. A 
more conventional computation was also 
perfomed, using initial SIR phases to 4A, 
and the reported agreement between this 
and the phase-extension calculation is 
excellent. It is difficult to assess the 
accuracy of a 4A map from density alone, 
since the shape of features depends on local 
conformation, and a more complete 
measure of the success of phase extension 
will be recognition of polypeptide chain 
and residues when the STNV structure is 
carried to 3A or beyond. 

The coat subunit of a spherical virus 
assembles into a regular, icosahedrally 
symmetric shell and the shell is a package 


Subunits and their arrangement in SBMV and TBSV. The SBMV subunit (upper left) has an 
N-terminal arm and a single, folded domain, homologous to the S-domain of TBSV (upper right); 
180 subunits pack to forma T = 3 viral shell. The arms of 60 of the subunits (positions denoted C) are 
ordered as shown by heavy lines in the central diagram. The actual folding of an ordered arm is along 
an inside edge of the S-domain with a loop around the particle threefold axis (see diagram in lower 
right-hand corner). Three such loops embrace, and the 60 ordered arms form a connected 
framework. The arms of subunits in positions denoted A and Bare not regularly ordered in SBMV or 
TBSV (lower left). The cylindrical projections in the central diagram represent P-domain dimers in 


TBSV; they are, of course, absent in SBMV. 


SBMV 
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for nucleic acid*. Moreover, in most 
Structures the same subunit is found in 
several conformationally distinct 
positions, genetic economy requiring a 
larger coat than can be constructed from 
just sixty (i.e. one icosahedral quota). 
These architectural conditions demand a 
way of incorporating nucleic acid that 
adapts an inherently nonrepeating 
structure (the loops and stems of folded 
RNA) to a regular surface lattice. In 
structures with more than 60 subunits, they 
further demand a subunit that can adopt 
alternative bonding arrangements and 
hence also a mechanism for avoiding 
ambiguity. 

In TMV, which has been resolved at 4A 
by diffraction from orientated gels’, three 
nucleotides are bound into a groove-like 
site on each subunit. The coat is an 
‘unwinding protein’ and imposes its own 
helical order on the RNA backbone. One 
might imagine by analogy that each protein 
subunit of aspherical virus could bind to an 
exact length of nucleic acid. If the binding 
sites were located on a part of the protein 
fixed in the surface lattice, the RNA would 
be piecewise icosahedrally ordered, and 
portions of it would be visible in a suitable 
electron density map. This model can be 
ruled out in TBSV and apparently now in 
SBMV, where no clear RNA-related 
features appear. In both cases, however, a 
significant portion of the protein subunit 
(about 60 residues) is also invisible in the 
map, implying absence of a unique spatial 
relationship to the rest of the chain. This 
portion lies at the N-terminus, and it is a 
plausible candidate for a nucleic-acid 
binding sequence. If so, we can imagine 
two RNA packing modes that might 
interact with a flexibly-linked binding 
domain: (1) Viral RNA in situ could havea 
more or less defined tertiary structure, 
requiring binding regions on the protein 
loosely tethered to the rest of the subunit, 
in order to seek Out appropriate sites on a 
non-icosahedrally-symmetric nucleic-acid 
structure; (2) RNA stems and loops could 
be compactly but essentially randomly 
close-packed in the particle (some 60 to 
70% of the RNA in such viruses is probably 
in double-helical stems'’), again requiring 
flexibly-linked protein regions for 
interaction with appropriate RNA 
structures or sequences. Crystallographic 
structure determination necessarily yields 
an average over the operations of the space 
group, and in SBMV and TBSV, a unique 
RNA structure would be blurred by the 
high symmetry of the lattice postion on 
which the particle lies. In STNV, the 
asymmetric unit comprises an entire 
particle, and Unge ef al. point out that 
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crystallographic symmetry alone does not 
exclude determination of RNA 
configuration. Such a determination 
would require not only a unique RNA 
conformation, but also sufficient 
asymmetry imposed thereby on the shell 
that consistent orientations appeared 
throughout the crystal. The present map is 
ambiguous on that point, but a high degree 
of order does not appear likely. 

The N-terminal 15 residues cannot be 
traced, and the general appearance of 
internal density is not immediately 
recognizable as a single structure. Mt Is 
useful in this connection to recall that the 
uniqueness of the secondary structure has 
not been established for viral RNA, 
although the correlation of nuclease sites 
and predicted single-stranded regions in 
‘flower diagrams’ of the MS2 sequence 
suggest a general regularity''. In any one 
stock of virus, a given RNA molecule is 
likely to differ from the mean sequence ata 
number of positions. Moreover, the 
compactness of the configuration in the 
virus appears to be imposed by the shell, 
rather than by its own sequence, since RNA 
of the size of the genomes in these viruses 
has a much larger radius of gyration under 
conditions of physiological tonic strength 
than that of the cavity into which it is 
packed'*?. Indeed, the degree of 
compaction is striking: from figures given 
by Unge et al., the volume available to 
STNV RNA implies an inner cavity with 
space for about 1.2 g H,0 per g RNA; the 
packing of TBSV RNA is comparably 
tight. A model of more or less random close 
packing of roughly parallel RNA stems is 
appealing, since very efficient packaging 
can be achieved without any significant 
demands on RNA structure or sequence. 
But it will not be simple to prove such a 
picture. 

The most surprising of recent results is 
probably the similarity of the SBMV 
subunit to the S-domain of TBSV. Various 
evolutionary speculations can be made, but 





{. Bernal, J. & Pankuchen, bo Nature 139, 923 (1939), 
. Abad-Zapatero, C., Abdel-Meguid. S.. Fotinsan, J. Leslie, 
A., Rayment, L, Rosamann. M., Suck, D. & Tsukihara, T. 
Nature 286, 33 (1980), 
3. Unge, To Lihas, 1. Strandberg, B., Vaara, T., Kannan, 
kK.. Fridborg, Ko Nordman, C. & Leni. P. Nature 288, 373 
i IRG. 
4. Bloomer, A. C., Champness. J. Na Sricogne, G., Sraden, 
R.& Klug, A. Naniré 2 76, 362 (197 8), 
$. Harmen, $. C., Olsen, A. J., Schum, C. E.. Winkler. F.K. 
& Bricogne, G. Nature 276, I68 (1978). 
6. Rosman, M. G. & Bies, D. dere Crest, 16, 39 (19784. 
7. Bricogne, G. Acra Crist, AMW, 39511974), Acta Crest, Aʻ2, 
RAD (1976) 
A. Caspar, D. L. D, & Klug, 
quant. Biol 27,31 (49623 
V Stubbs, G., Warren, 5 3 Holmes, K. C. Nature 267, 216 
{1977}, 
1. Wiz. J. & Srrazielle, ©. in Subunits in Biological Systems, B 
(ed. Fasman, O. & Timashaff. S., Dekkar, New York} 
. Biers, W. et al, Nature 260, 500 (1976). 
. Domingo, E., Sabo, D.. Taniguchi. T. & Weissmann, C. 
Ceil 13, 734 (1978). 
13. Gesteland, R. & Boedtker, H. J. mel. Biol. 8, 496 (1975), 
14. Casjens, S. & King. J. Rev. Blocker. 44, 545 (197%, 
1S. Murakami, W., T. & Schaffhausen, B, in Molecular Studies 
ia Viral Neoplasia 28th M. P. Anderson Symposium, 
(Wihams & Wians, Baltimore, 1974}. 

iG. Wilson f A., Skehel, J. L & Wiley, D. C. in Structure and 
Feriation in Influenza Virus ed. Laver G & Air, GO 
{Elsevier North-Holland, New York, 1980) 


Bay 


A. Cold Spring Harb. Img 


hee eel ea ae a a in aeea a aa aa 
firereerm nain ae kiireen anaien eenn: 


from the point of view of assembly and its 
control, there are two more immediate 
conclusions that should be emphasized. 
The first is the identical way in which these 
two T=3 structures solve the ambiguity 
problem alluded to above. A portion of the 
polypeptide chain, just N-terminal to the 
compact domain(s), is ordered on sixty 
subunits and disordered on the remaining 
120. The sixty ordered arms effectively 
serve as an internal, T = | framework: they 
interdigitate around icosahedral twofolds. 
This scaffold, formed by a flexibly linked 
part of the subunit chain determines the 
size and curvature of the particle. The 
choice between alternative bonding 
patterns at interfaces that must so adapt is 
dictated by the symmetry and geometry of 
the network of arms. One might imagine 
cases where the network would be formed 
of a distinct protein — could this be the 
case with cores in bacteriophage head 
assembly'? or VP2 and VP3 in polyoma 
and SV40'°? The second direct conclusion 
that emerges from comparison of TBSV 
and SBMV is the significance of 
modularity in the design of assembling 
subunits. In SBMV as seen in the paper of 
Abad-Zapatero etal., the subunit has three 
functional parts: an unseen (RNA- 
binding?) N-terminal piece, the 
framework-like arm (including sequences 
in the intertwined #B-annulus), and the 
major folded domain. In TBSV, there is an 
additional folded domain (the P-domain). 


359 
Clearly the P-domain is not essential for 
particle stability, since it is missing in 
SBMY. It does appear to be a strong 
twofold ‘clamp’, and the hinge between it 
and the S-domain s required for subunits 
to conserve these two fold interactions 
while still adapting to the T=3 surface 
lattice. 

With these advances now at hand, what 
about the crystallegraphy of other viruses 
and large assemblies? SBMV and TBS¥V 
show quite dramatically that the spatial 
arrangement of nodules in a subunit 
protein is characteristic of the assembly, 
but not necesserily of the isolated 
polypeptide; the remarkable inter- 
digitation of N-terminal arms could not 
have been anticipated (or even seen) in the 
structure of the subunit alone. The possible 
consequences for chose who would like to 
visualize a ribosome, for example, are 
sobering: high-resolution structures of 
large assemblies may not readily be 
constructed from structures of component 
parts. There is, however, a converse 
advantage of flewibly-linked modules: in 
cases where function is a property of a 
particular module of a large protein, 
proteolytic dissection and piecewise 
crystallization is a fruitful and helpful 
strategy. This is the case, for example, with 
influenza virus haemagglutinin'® and may 
well be appropriate for the presumptive 
RNA-binding, N-terminal Pose of 
SBMVorTBSY. h 





Open-ended fusion systems 


from R. F. Post 


JAPAN, among all of the highly 
industrialized nations, is the most 
dependent on imported energy. Japan is 
also a nation that owes its advanced 
technology both its present economic 
strength and its hopes for future economic 
growth. Given these circumstances it is not 
surprising that nuclear fusion research has 
been singled out for special attention by the 
Japanese government. Fusion, for which 
the primary fuel is heavy hydrogen, extrac- 
table at low cost from water, would be an 
extremely attractive long-term energy 
source. It is against this backdrop that a 
specialized scientific meeting dealing witha 
particular approach to fusion, so-called 
open-ended magnetic confinement systems 
was convened in Japan in April.* 

Open-ended fusion systems are a class of 
fusion ‘magnetic bottles’ in which the field 
lines of the externally-generated magnetic 
field (needed to confine the hot fusion 
plasma) enter at one end of the bottle and 
exit from the other end. Open-ended 
magnetic bottles are in contrast to ones 
such as the tokamak, where the field lines 
remain entirely within the doughnut- 
shaped confinement chamber. 





R. F. Post is Deputy Associate Director for 
Physics in the Magnetic Fusion Division of the 
Lawrence Livermore National Laboratory, 
University of California. 
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An example o` an open-ended system is 
the simple mirrcr machine, in which the 
Hnes form a tubular bundle 
d at both ends (the mirrors). The 
particles of a fusion plasma, once 
oped ‘between the mirrors, continue to 
gyrate back and forth along the field lines, 
being repeatedly reflected by magnetic 
mirrors in the same way that charged 
particles are trapped, between the north 
and south magnetic poles, in the Van Allen 
radiation belts that surround the earth. 
Present interest in the mirror approach 
to fusion power stems in part from an 
inherent advantage that some kinds of 
mirror fields possess in their ability to 
suppress the so-called MHD or fluid-like 
turbulences in magnetically confined 
plasmas. From this property derives the 
remarkable ability of specially-shaped 
mirror fields (called ‘magnetic wells’) to 
Stably confine very high plasma pressures 
for a given magaetic field intensity. To this 
inherent advantage has recently been 
added a new feature — the tandem mirror 
idea — an idea that shows promise of 
greatly improving the economic prospects 
of mirror fusioa systems relative to older 
mirror approaches. The tandem mETOT 
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Fusion Systems’ was held at the mew i fuversity of Tsukuba, 


Japan in Aprii 1980, 
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consists of two small conventional mirror 
cells located at each end of a large central 
confinement chamber around which is 
wound a simple solenoidal magnet coil. 
The hot plasmas in these end cells create 
positive electric potentials that act to 
electrostatically ‘plug’ the end leakage of 
charged particles from the central cell far 
more effectively than is possible with a 
single mirror at each end acting alone. 
Though invented in the USSR and, 
independently, in the US about four years 
ago, the first tandem mirror device to be 
constructed and operated (Gamma-6; 
1978) was built at Tsukuba University, 
Japan, preceding the larger experiment 
(TMX; 1979) brought on line at the 
Lawrence Livermore Laboratory. 

The scientific validity of the tandem 
mirror idea for enhancing mirror 
confinement was made clear in papers by 
Kawabe (Tsukuba) and Grubb and Drake 
(Lawrence Livermore Laboratory) who 
described experiments in the Tsukuba 
Gamma-6 and Livermore TMX experi- 
ments, respectively. Work in progress 
(TMX) includes more detailed measure- 
ments of particle and energy transport, the 
role of microinstabilities and their 
suppression, and the study of plasma 
pressure limits as determined by MHD 
effects. Baldwin (Livermore) then 
described recent developments in tandem 
mirror theory, including the important new 
idea (originated by Baldwin and Logan) of 
the thermal barrier. In a tandem mirror, a 
thermal barrier is a specially designed cell 
that, through the generation of a locally- 
negative potential region, can act to 
thermally isolate the end plug from the cen- 





PHYSICS WITHOUT APPARATUS 


It is almost a proverb in science that some of 
the greatest discoveries have been made by 
| the most simple means. It is equally true that 
almost all the more important facts and laws 
of the physical sciences can be illustrated and 
explained by the help of experiments made 
without special or expensive apparatus, and 
requiring only the familiar objects of 
common life for their performance. The 
greatest exponents of popular science — and 
amongst them notably Faraday — delighted 
in impromptu devices of this kind. It is 
indeed surprising how throughout the whole 
range of natural philosophy the hand of the 
master can turn to account the very simplest 
and rudest of apparatus. A silver spoon, a 
pair of spectacle lenses, a tumbler of water, 
and a few sheets of paper suffice to illustrate 
half the laws of geometrical optics. A few 
pieces of sealing-wax, some flannel, silk, 
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tral cell. Thermal isolation then would 
permit the heating of plug electrons to 
higher temperatures than those of the 
central cell, with resultant increased plug 
potential at lowered plug plasma density — 
a major economic advantage. 

The use of radiofrequency fields to 
enhance the confinement of open-ended 
systems has been a major topic in fusion 
research in Japan for many years. 


Pioneered at Nagoya under the direction of 


K. Takayama, this work led to the con- 
struction at Nagoya of a large mirror-cusp 
device, RFC-XX. Itatani (Nagoya) 
described preliminary results with this 
machine, in which enhancement of con- 
finement of moderate temperature plasmas 
by factors of 5 or more (over the con- 
finement observed with r.f. turned off) 
were seen. Whether good confinement of 
higher temperature plasmas can be 
achieved is not yet resolved. RFC-XX how- 
ever appears to be the most advanced 
facility for the study of such questions in 
any fusion laboratory. 

An important sub-class of mirror sys- 
tems are those where the phenomenon of 
field-reversal is invoked to improve con- 
finement. In a field-reversed mirror — a 
form of the so-called ‘‘compact toroid’’ 
configuration — the internal diamagnetic 
currents of the mirror-trapped plasma are 
made to be sufficiently intense to reverse 
the direction of the magnetic field near the 
axis within the plasma, thus closing the 
magnetic lines on themselves within the 
plasma interior and thereby inhibiting 
plasma losses through the mirrors. Interest 
in such configurations, which dates back 
many years to related systems (such as the 


writing paper, pins, and glass tumblers will 
carry the clever experimenter a long way into 
the phenomena of electricity. These are 
things which any person can procure, and 
which any person can be taught to use. But 
their right use depends on the possession of 
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accurate scientific knowledge and a clear 


understanding of what the various 
experiments are to prove. In fact the art of 
experiment and the science of inductive 
reasoning are the essential qualifications 
necessary to make Physics without 
apparatus profitable. 

Amongst the simple mechanical laws with 
which a beginner in physics must acquaint 
himself is that commonly referred to as the 
law of inertia, which is, however, very often 
so imperfectly expressed as to be misappre- 
hended. It requires force to move matter, not 
because matter is inherently lazy or sluggish, 
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electron ring ASTRON of Christofilos), 
comes from their geometric simplicity and, 
especially, from their extremely efficient 
use of the external field. The field-reversed 
mirror shares with the tandem mirror the 
generic idea that properties of the plasma 
are used to improve its own confinement. 
The Symposium provided a forum for the 
discussion of most of the FRM work nowin 
progress, including, for example, work at 
the Los Alamos Laboratory on field- 
reversed configurations produced by a 
coaxial gun (Sherwood; Los Alamos) and 
field-reversed electron rings (Fleischmann; 
Cornell). 

Some of the most unusual mirror devices 
were described in the papers concerning 
work at Novosibirsk (Ryutov, Koidan). In 
addition to the AMBAL tandem mirror, 
now under construction, there are two 
other mirror devices: PSP-2, a device in 
which mirror confinement is enhanced by 
electrically-induced plasma rotation, and 
GOL-1, a device using multiple mirror cells 
and operating at very high plasma density. 
Both of the latter innovative devices owe 
much in their origin to the former Director 
of the Novosibirsk fusion group, G. I. 
Budker, who died July 4, 1977. 

Judging from the lively discussion at the 
conference, and from the enthusiasm of 
the participants, interest in open-ended 
systems Is increasing not only in Japan but 
world wide. In the case of the Japanese 
effort, it seems equally clear that their 
contributions to research on open-ended 
magnetic fusion systems will become in- 
creasingly important over the next few 
years. 


but because it possesses mass. The greater 
the mass of matter in a ball, the harder work 
is it to send it rolling. Force is also required to 
stop matter that is moving, the reason again 
being that a mass moving under the impulse 
of an impressed force possesses a certain 
moving energy which cannot be at once 
reduced to nothing. In either case — either to 
move a mass or to alter the motion of a mass 
— force must be employed and energy 
expended. Of this law of inertia many 
examples might be given: and there are many 
curious facts which this law serves to 
explain. Some of the most striking of these 
are those in which the effect of sudden forces 
is different from that which might have been 
expected. In Fig. | we give an illustration of 
an experiment of this nature. A wooden rod 
— say a broomstick — has a couple of 
needles fixed into its ends, and it is then 
supported upon two wineglasses resting 
upon two chairs. If a heavy poker is now 
brought down very violently upon the 
middle of the stick it will break in two 
without the needles or the glasses being 
broken. A feeble or indecisive blow will fail 
to do this, and will break the glasses or the 
needles, or both. Here the moving energy of 
the heavy mass, the poker, is suddenly 
transferred to the middle of the stick, so 
suddenly that it is broken asunder before the 
thrust has zime to reach the fragile supports. 
From Nature 22 5 August, 320 & 321, 1880. 
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New findings in methane-utilizing hacteris 
highlight their importance in the biosphere 





their commercial potential 
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Recent results, showing that the ubiquitous methane-utilizing bacteria (methanotrophs) can partially 
oxidize and, in some cases, extensively metabolize complex organic compounds, ca'l for a reappraisal 
of their role in the cycling of elements in the biosphere. Possible environmental implications and 
opportunities jor industrial exploitation are discussed. 
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ABOUT half of the substantial, but not precisely known, 
proportion of total organic carbon degraded by anaerobic 
microflora is converted to methane. The amount of the hydro- 
carbon released into the atmosphere, however, represents only 
about 0.5% of total carbon turnover’. The disparity between 
this figure and the large amounts of methane produced by the 
methanogenic bacteria is due mainly to the activities of aerobic 
methane-utilizing microorganisms (methanotrophs), situated 
between the anaerobic sediments responsible for methane 
production and the atmosphere, and partly to the microbial 
oxidation of methane anaerobically. On this basis alone, 
organisms responsible for the oxidation of methane are there- 
fore of major importance in the carbon cycle and much current 
research effort is being devoted to an understanding of their 
physiology and biochemistry. Our present knowledge has been 
comprehensively reviewed in recent years” ° and our purpose 
here is not to reiterate this information but rather to survey 
important new findings implicating methane-oxidizing bacteria 
in transformations of substances which are not their growth 
substrates, particularly multi-carbon compounds, and to 
highlight possible consequences and applications of these 
microbial activities. 

The ubiquity of methane-utilizing bacteria is attested to by the 
variety of sources from which various workers have been able to 
isolate them’. The many strains isolated in the last 15 years are 
predominatly aerobic Gram-negative bacteria, growing only on 
methane or, in some cases, on methanol or dimethyl ether. They 
can be divided into two distinct groups (types I and H) based on 
the morphology of their internal membranes and the nature of 
their carbon assimilation pathways. In recent years, however, 
facultative methane-oxidizing bacteria, apparently similar to 
type II obligate methanotrophs, have been isolated*” and some 
yeasts have been implicated in methane oxidation'’. Evidence 
for the involvement of fungi and algae in this process is more 
equivocal. Although microbial utilization of methane is pri- 
marily an aerobic process, it has been shown recently that some 
species can oxidize it anaerobically. In particular, energy for 
growth can be obtained by coupling methane oxidation to 
carbon dioxide with sulphate reduction to hydrogen sulphide’'. 
A small amount of methane oxidation may also be accomplished 
by methanogens’’. 


Mechanisms of methane oxidation 


In the current context we are particularly concerned with the 
aerobic, obligate methanotrophs because of recent advances in 
our understanding of the mechanisms of methane oxidation in 
these bacteria. It has been known for many years that these 
microorganisms oxidize methane to carbon dioxide by a route 
involving successive two-electron oxidation steps via methanol, 
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formaldehyde and formate. Carbon is incorporated into cell 
material at the oxidation level of formalcehyde by type | species, 
which use the ribulose monophosphate pathway (Quayle cycle), 
and in type II species, using the serine pathway, as formaldehyde 
and carbon dioxide’. Both groups of becteria can grow only on 
a restricted range of reduced C, compounds and, in their selec- 
tiveness resemble the so-called obligate autotrophs. Neverthe- 
less, it has long been known that such bacteria, either as washed 
suspensions or in culture, will partially oxidize simple substrate 
analogues, such as ethane, propane and butane, to the cor- 
responding alcohols, aldehydes and fatty acids. This was 
presumed to reflect some lack of specificity in the enzymes 
involved in methane oxidation. Subsequently, it was shown that 
carbon monoxide, ammonia and ethene are also oxidized'*"’*. 
However, there is now known to be a sarprisingly vast range of 
multi-carbon compounds, often not closely related to the 
natural substrates, which are oxidized by methanotrophs'””’”. 
Although this capacity varies betweer species, the following 
types of compound are oxidized by washed cell suspensions: 
long-chain alkanes (up to at least hexadecane), alkenes, aroma- 
tic and alicyclic hydrocarbons, phenols, long-chain and alicyclic 
alcohols, pyridine, multi-ring compounds and chlorinated 
aromatic hydrocarbons. In each case only a limited number of 
products (sometimes only one} are formed as a result of this 
unexpected activity, showing that there is, nevertheless, some 
mechanistic specificity. In some cases “he products are simply 
hydroxylated derivatives, suggesting that a reaction analogous 
to the oxidation of methane to methanol has occurred. Com- 
monly, there is further oxidation of these hydroxylated 
compounds to yield aldehydes and carboxylic acids. Many of 
these biotransformations have been shewn to occur in both the 
presence and absence of methane”. 


‘Fortuitous metabolism’? 

These activities have been described as ‘fortuitous metabolism’ 
(ref. 18), implying that they are merely due to the lack of 
specificity of oxidative enzymes, whose primary function is to 
effect the oxidation of methane to carbon dioxide. Such extra- 
ordinary lack of enzyme specificity would be extremely unusual 
if it were entirely fortuitous and we argue here that this 
phenomenon has developed and been retained because of its 
survival value to these species. It may well also be of environ- 
mental importance and could prove of commercial value, as 
evidenced by the recent filing of a number of patents on this 
subject’? ”*, 

We now have some understanding of the enzymological 
basis of this lack of specificity and it mainly reflects the 
properties of enzymes initiating methane oxidation, methane 
monooxygenases (MMOs). In common with some other 
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monooxygenases, these enzymes have proved difficult to purify 
but oxygenase involvement was clearly indicated by the O- 
incorporation experiments described by Higgins and Quayle”. 
Subsequently, cell-free activities were studied in a number of 
species, but substantial purification has been reported in only 
two, Methylococcus capsulatus (Bath) and Methylosinus tri- 
chosporium OB3b. The system seems to be best characterized in 
the former species and there is some uncertainty concerning the 
true nature of the system in the latter**. There is evidence, 
however, that growth, and perhaps storage conditions, may 
markedly affect the characteristics of the enzyme of M. tri- 
chosporium**. Since the first report of cell-free MMO activity by 
Ribbons and Michalover’’, several workers have reported that 
such activities are not totally specific for methane, higher 
gaseous alkanes, alkenes, ammonia and carbon monoxide also 
being oxidized*’*’. The range of substrates for MMOs was 
dramatically extended by Colby et a/.**, who showed that cell- 
free extracts of M. capsulatus (Bath) oxidized a wide range of 
hydrocarbons and related compounds. It has since been shown 
that enzymes from other species are also relatively nonspecific, 
but in some cases the specificity is more restricted'*. Although 
these findings account for the ability of whole organisms of some 
methanotrophs to introduce an oxygen atom into many 
compounds, they do not explain the further oxidation of some of 
these initial products to, for example, aldehydes and carboxylic 
acids. These further oxidation processes for simple analogues of 
methane no doubt reflect lack of absolute specificity of the 
methanol- and formaldehyde-oxidizing enzyme systems. In the 
case of more complex hydroxylated products, recent evidence 
suggests the involvement of other enzymes with no known roles 
in C, metabolism. For example, a number of species contain a 
broad-specificity, secondary alcohol dehydrogenase**. It was 
thought that intact cells of M. capsulatus (Bath) had a rather 
limited oxidizing capacity’? but it is now known to be more 
extensive (H. Dalton, personal communication). 


Transformations effected by M. trichosporium 


Recent work in our laboratory has revealed not only that intact 
M. trichosporium can effect the partial oxidation of a relatively 
wide range of hydrophobic organic compounds but also that the 
transformations, in some cases, involve more extensive or even 
non-oxidative metabolism'’. Examples of transformations 
observed are shown in Table 1. With the exception of benzoic 
acid formation from toluene, the simple oxidation reactions are 
due entirely to MMO activity. The formation of benzoic acid 
from toluene and of other acids and aldehydes shown involves 
MMOs plus other oxidoreductase enzymes. Dechlorination of 
substituted aromatic compounds and shifts in the positions of 
ring substituents may be manifestations of the different 
mechanisms of action of MMOs or may involve other enzyme 
activities. Debromination reactions have also been reported”’. 

Two cases are shown in which dechlorination is associated 
with covalent attachment of a methy! or alkanoate group to an 
aromatic ring. We currently have no understanding of these 
reactions but it is conceivable that they are, in part, due to the 
lack of specificity of MMOs and they may indicate some type of 
free radical mechanism’, or involve other enzyme activities. 

In the current context, two of these examples are of special 
importance, namely the transformations of ethylbenzene and 
t-phenylheptane. In each case, products arise as a result of 
side-chain oxidation and degradation. With the former 
compound, a -oxidation must be involved, whereas in the latter, 
the degradation process probably involves 8-oxidation. In 
addition, recent experiments with 1-['*C]-n-hexadecane also 
suggest that M. trichosporium can slowly degrade long-chain 
alkanes; after incubation with washed cell suspensions in rigidly 
aseptic conditions, about 5% of the radioactivity was recovered 
in carbon dioxide (D.J.B., unpublished data). 

Although it is well known that most methanotrophs require 
methane or some other reduced C, compounds for growth, the 
question arises of whether they can obtain supplementary 
carbon and/or energy from other sources. Clearly, w-oxidation 
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of alkanes, followed by further oxidation to fatty acids which are 
subsequently 8 -oxidized will yield reducing equivalents, which 
might be used for energy transduction, and acetate for possible 
incorporation into cell material. Radiolabelling experiments 
have shown that products of oxidation of several gascous alk- 
anes and also acetate, the product of g-oxidation, are 
incorporated into cell material by methanotrophs***'. The 
findings of Wadzinski and Ribbons’, using Methanomonas 
methanooxidans, are of particular interest. Acetate, present in 
the medium during growth on methane, greatly increased the 
growth yield and it was incorporated into cell material, especi- 
ally into amino acids, as well as, in part, being oxidized to carbon 
dioxide by a tricarboxylic acid cycle. 


Possible evolutionary reasons for the 
lack of specificity 
of methane monooxygenases 


A wide range of hydrocarbons and related compounds are 
continually released into the environment in substantial 
amounts. They are natural products present in most living 
organisms, they arise by seepage from subterranean oil and gas 
deposits and are pollutants due to man’s activities. There are 
also many hydrocarbon derivatives that are xenobiotic products 
of the chemical industry. Despite controversy concerning 
specific compounds regarded as pollutants, most hydrocarbons 
and hydrocarbon-like materials currently turned over in the 
biosphere are not novel but have been substantial components 
of the carbon cycle throughout most of evolutionary history. It 
follows, therefore, that such compounds have always been 
present in the environment of methanotrophs. As methane is 
invariably present in their natural habitats, it is not surprising 
that many of them have developed an obligate requirement for 
C, compounds for growth. These organisms are not in direct 
competition for survival with heterotrophs. They are, however, 
in competition with each other for available methane and it is 
probable that any mechanisms which might develop and enable 
them to utilize ancillary carbon and/or energy sources would 
generally be of selective value either to supplement their 
metabolism or facilitate survival under severe methane limita- 
tion. 

Although some of the simple oxidation reactions catalysed by 
methanotrophs and by their MMO activities are of no obvious 
survival value, for example, the epoxidation of propene, others 
seem to be responsible for initiating useful metabolism. We 
would argue, therefore, that there has been selection pressure 
for the development of broad-specificity MMOs and other 
oxidoreductases. This selection pressure must be sufficient to 
outweigh any disadvantage of such lack of specificity. These 
disadvantages include truly fortuitous oxidations yielding nei- 
ther energy nor products of value to these bacteria. Indeed, in 
these conditions, reducing equivalents would be wasted, as 
MMO requires a source of reducing power, which may be 
derived from the further oxidation of methanol, its analogues or 
storage polymers. In addition, some products may prove toxic. 
Because it is clear that these oxidations occur in the presence of 
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Fig.1 Involvement of methanotrophs in the cycling of carbon and 
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methane, disadvantages may also arise through competition 
between methane and other potential substrates for the active 
site. At first sight, an equally plausible explanation for lack of 
specificity would not involve evolutionary arguments but would 
be dictated by some mechanistic requirements of MMO. 
However, there is substantial evidence against this view. For 
example, the MMO of one species, Pseudomonas methanica, 
shows greater specificity than those of other species’* and higher 
alkane monooxygenases that have been investigated are rela- 
tively specific. On the balance of the evidence, therefore, many 
of these metabolic activities are probably not fortuitous and 
instead have substantial metabolic significance. — 

It has generally been accepted that heterotrophic organisms 
are responsible for mineralization of hydrocarbons, their 
derivatives and related xenobiotics*’. If these recently dis- 
covered, extensive metabolic activities of some species of the 
ubiquitous methanotrophs prove to be widespread amongst the 
group, it is likely that they play a significant part in the mineral- 
ization of complex, organic material, in addition to their already 
documented, major role in the carbon cycle. Methanotrophs are 
also involved in the nitrogen cycle, being able to fix atmospheric 
nitrogen, oxidize ammonia and reduce nitrite’. 

It is clear from this discussion that methanotrophs are 
important in the biosphere (Fig. 1), yet only 15 years ago they 
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were regarded, even by most microbiologists, as obscure, 
uncooperative, perhaps unimportant microorganisms, as evi- 
denced by the fact that, before 1970, only three species had been 
isolated and well authenticated’. Today, in spite of the efforts of 
many research groups and the isolation of some 200 strains of 
methanotrophs, their significance is still not widely recognized, 
and this fact, in part, provoked the writing of this article, 

Some of the oxidative biotransformations catalysed are 
difficult and/or expensive to effect by conventional chemical 
means. The whole organism activities are relatively stable and 
many products are either not further degraded or are degraded 
only slowly. It is therefore possible that some of these species 
will prove valuable as industrial catalysts, exploiting intact 
bacteria or enzymes derived therefrom*”””°. 

Two important recent developments may facilitate such 
industrial exploitation. First, genetic manipulation of these 
strains is proving possible“? and second, using cell-free pre- 
parations, processes may be devised in which reducing 
equivalents for the MMOs are supplied electrochemicaily, 
thereby dispensing with any requirement for expensive pyridine 
nucleotide coenzymes****. 
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Many anorthositic plutons of the Nain complex were formed from highly feldspathic parental magmas, which were probably 
generated by melting or factional crystallization of tholeiite at 1 5-22 kbar. Their existence suggests a high geothermal 
gradient and thick continental crust during the mid-Proterozoic. 
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PROTEROZOIC anorthosite massifs have long presented three 
major problems to geologists interested in crustal evolution: (1) 
what were the parental magmas of the anorthosite intrusions’; 
(2) what is the tectonic significance of the broad belts of these 
intrusions; and (3) why were most of these complexes emplaced 
during a restricted interval of the Proterozoic’? Solution of the 
first problem is probably an essential precursor to solving the 
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other two. This article summarizes new evidence for the 
existence of a suite of highly feldspathic magmas parental to 
anorthositic rocks in Labrador. 

The bulk composition of anorthosite massifs is generally much 
more feldspar-rich than any known magmas’. Has fractional 
crystallization of plagioclase from normal basaltic or andesitic 
magmas produced these highly feldspathic plutons, or have 
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these plutons been formed by unusually feldspathic magmas? If 
basaltic magmas were parental, complementary mafic and 
ultramafic intrusions must also formed. Gravity surveys indicate 
that many of these complexes lack hidden mafic and ultramafic 
bodies**, and even where such mafic intrusions are apparently 
associated”, it has not been shown that they are comagmatic with 
the anorthosites. If andesitic or other intermediate magmas 
were parental, then complementary plutons of mafic and grani- 
tic rocks should be present. Large volumes of granite are 
commonly associated with anorthosites, but it is not clear that 
they are comagmatic with the anorthosites. Many granites seem 
to have been formed from separate melts generated from 
continental crust’*. The alternative to a ‘normal’ parental 
magma is an unusual, highly feldspathic magma. Although 
several works have suggested parental magmas of this type on 
the basis of extensive field study”’°, the evidence has not been 
sufficient to establish a consensus that such feldspathic magmas 
did indeed exist and were parental to massif anorthosites. 
However, recent studies of three anorthositic plutons in the 
Nain complex of Labrador, outlined below, provide clear evi- 
dence that each of these plutons had a distinct, recognizable 
anorthositic parental magma. These anorthositic magmas 
together. with high-alumina basalts'’'* indicate that a highly 
feldspathic magma series was responsible for the formation of 
the Nain and probably other Proterozoic anorthosite complexes. 


Nain complex | 

The Nain complex is a typical Proterozoic anorthosite massif of 
area ~15,000 km’ located along the coast of Labrador. It is 
ideal for study because it lacks later deformation and metamor- 
phism and because contact relations are well displayed in coastal 
outcrops. Nearly half of the complex consists of anorthositic 
intrusions (colour index = 0-20); as many as 20 major anor- 
thositic plutons may be present. Some are highly differentiated 
and layered; others are homogeneous and massive. Most have 
average plagioclase compositions between An and Ango. 
Minor amounts of gabbroic and troctolitic rocks are present". 
Minor ferrodioritic rocks represent late stage differentiates of 
the anorthosites and mafic intrusions'*. Somewhat less than half 
of the Nain complex consists of granite, most of which 
approaches minimum-melt composition and does not seem to be 
comagmatic with the anorthosites’>. 


Field evidence for anorthositic magmas 


Two anorthositic plutons in Nain have fine-grained anorthositic 
margins. (Strictly, the intrusions should be termed leuconorite 
because they have colour indices’® in the range 10-18). One of 
the chilled margins represents a gradation in average plagioclase 
grain-size from 3 cm about 5 m in from the contact to 2 mm at 
the contact with country rock. The other chilled zone shows less 
variation and is less abrupt. These fine-grained rocks are 
compositionally equivalent to the coarse-grained anorthositic 
rocks with which they are associated. Plagioclase in all rocks is 
characteristically subhedral to euhedral with weak normal and 
oscillatory zoning. Mafic phase are orthopyroxene and inverted 
pigeonite with minor ilmenite, magnetite and apatite. The 
mineralogy suggests that the parental magma must have been 
relatively dry. | 
Fine-grained anorthositic dykes are associated with a third 
intrusion. They were injected into and preserved within a highly 
refractory xenolith of basic granuliteë. Average grain size in 
many of the anorthositic dykes is 1-2 mm while the associated 
anorthosite has plagioclase in the range 1-7 cm. 
The highly feldspathic and relatively dry magmas proposed 
here could exist only at high temperatures, and such tempera- 
tures are indicated by field relations along contact zones. Where 
anorthosite has intruded quartzofeldspathic gneisses, there is 
abundant evidence that the gneisses have been partially melted 
within 10-20 m of the contact. Granitic melt has locally mixed 





with anorthositic magma or crystal musi along some contacts, 
and locally derived granitic veins have cut or mixed with dykes 
emanating from the anorthosite. Hypid:omorphic textures are 
common in banded gneisses near the contact. Euhedral over- 
growths occur on corroded plagioclase, and interstitial areas of 
alkali feldspar include small euhedral crystals of quartz and 
biotite. In contrast to these textures, gneisses farther from the 
anorthosites have allotriomorphic granular textures. Berg’’ has 
estimated that the depth of emplacement in this area was 
equivalent to a pressure of about 4 Kbar and that the country 
rock may have been only 200-300 °C before emplacement. An 
anhydrous magma, which was as feldspathic as the chilled rocks, 
must have had a liquidus temperature of ~1,300°C. If the 
magma were emplaced at the temperature, the contact zone 
would have adjusted rapidly‘? to ~800°C, well below the 
solidus of the feldspathic magma and above the beginning of 
melting of the gneisses. 

Not all contacts of anorthosites with country rock are charac- 
terized by chilled feldspathic margins and remobilized gneiss. 
Most other contact zones can be explained by emplacement of 
plagioclase-rich crystal mush with mafic interstitial liquid and by 
processes of crystal—liquid fractionation along the contact. 





Table 1 Major and trace-element compositions and norms of pro- 
posed parental magmas of three anorthositic plutons of the Nain 











complex 

Kheovik Tunungayualok Uivakh 
Specimen Island* Island? Peninsulai 
SiO- 53.30 5482 54.58 
TiO; 0.28 0:04 0.77 
ALO, 24.84 2228 21.21 
Fe,0; 1.13 0.26... 0.06 
FeO 2.30 S46 6.31 
MnO 0.05 0.08 0.08 
MeO 2.87 2.95 1.37 
CaO 10.42 913 8,23 
Na,O 4,33 4.3] 484 
K,0 0.41 0.84 1.25 
P20; 0.07 0.43 6.30 
Mg/Mg + Fe(Tot) 0.61 0.40 O28 
Norm (mol % An) $4.8 §0.0.° . 42.7 
Rb di$ . 41 24 
Sr 642 579 590 
Ba 222 490 696 
Zr 116 155 183 
V 21 68 Ag 
Ni 29 | 10 2 
Weight norms 
Qz _ 1.68 0.46 
Or 2.43 5.33 7.36 
Ab+An 83.76 75.19 73.41 
Di 3.32 4.76 5.53 
Hy 7.33 ; 10.56 10.98 
Ol 0.83 ae od 
Mag 1.63 0.58 0.09 
Ilm 0.53 1,79 1.47 
Ap 016 0.21 0.76 
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All analyses determined by X-ray fluorescence; recalculated to 100% 
anhydrous. 

* Composition represents the average of 17 analyses of coarse- 
grained rocks from the interior of the pluton. This composition is very 
similar to that obtained for fine-grained anorthositic rocks within a 
chilled contact zone. These latter compositions were not used because of 
minor contamination by granitic melt in the contact zone. 

t Composition represents the average of 17 analyses of coarse- 
grained rocks. This composition is very similar to that obtained for 
fine-grained anorthositic dykes related to this platon®. 

+ Composition is based on the average of two rfearly identical rela- 
tively fined-grained samples within 50 m of the intrusive contact. (REFs 
for two samples are listed in Table 3.) 

§ Less than detection limit. 
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Geochemical evidence for anorthositic 
magmas 


The chilled margins and dykes each have chemical compositions 
which are nearly identical to the compositions of the coarse- 
grained, homogeneous and massive anorthositic intrusions with 
which they are associated. One can thus argue that the average 
compositions of these intrusions must approximate their paren- 
tal magmas. Estimates of the compositions of these parental 
magmas (Table 1) are based on the compositions of the chilled 
rocks or on averages of samples from the interior of the pluton. 
These three magmas are all highly aluminous (AIO, =21- 
25%) with SiO, between 53% and 56%. Each has a distinct 
Mg/Mg+Fe which varies with normative anorthite. Incompa- 
tible elements (such as, K, P, Rb, Ba and Zr) all increase as 
anorthite decreases. Normative colour index (wt % ) varies from 
~14 for the most calcic magma to ~19 for the most sodic. 

Figure 1 and Table 2 present rare-earth element (REE) data 
for one intrusion and its associated fine-grained dykes. All 
analysed rocks contain approximately the same amount of 
plagioclase (roughly 80-90% ).*° The remarkably constant REE 
content of the fine-grained dykes contrasts strongly with the 
variation shown by the coarse-grained rocks. The average REE 
content of the coarse-grained rocks approximates the REE 
abundance in the dykes. The similarity in REEs (as well as major 
and other trace elements”) between dykes and coarse-grained 
rocks strongly supports the other data which indicate that the 
parental magma of this intrusion was anorthositic and similar in 
composition to the dykes, 

REEs have also been determined for rocks which approxi- 
mate compositions of the parental magmas of the other two 
intrusions (Table 3). Two values for each pluton have been 
averaged and plotted on the same diagram with the average 
REEs of dykes related to the first pluton (Fig. 2). These REE 
patterns and abundances are taken to be characteristic of the 
magmas which have produced these three anorthositic plutons. 
All three have a similar light REE enrichment with a small 
positive Eu-anomaly. The magma with highest An (Kheovik) 
has the lowest REEs, and the magma with lowest An (Uivakh) 
has the highest REEs. There does not seem to be a systematic 
variation in the size of the Eu-anomaly and the Eu-anomalies 
are much smaller than most reported for anorthosites. Although 
the small positive Eu-anomalies might be interpreted as being 
due to minor feldspar accumulation’’, field relations preclude 
that interpretation for these rocks. Except for slight depletion in 
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Fig. 1 Chondrite-normalized REEs from coarse-grained anor- 

thositic rocks and fife-grained dykes related to the Tunungayualok 

Island intrusion. Analyses are listed in Table 2. Vertically ruled 

pattern shows the complete range of REEs in the fine-grained 
dykes. 
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Table 2 REEs in rocks related to the Tunungayualok Island intrusion 


Dykes Coarse-grained rocks 


‘rrtreretinda hapunan eeina aA, 


Spec 500B* 715B* 718A* SOOD+ 122A 218+ 509+ CS546* 


La 149 208 18.2 4.44 

Ce 31.0 26.1 327 295 449 393 824 198 
Nd 14.0 132 151 12.6 20.0 19.0 395 106 
Sm 2.60 2.55 2.76 2.54 410 3.86 0.788 2.14 
Eu 1.57 1.54 1.41 1.84 1.54 1.51 1.09 1.53 


Gd 232 233 245 2.07 
Tb 0.35 0.64 0.67 0.146 

Dy 1.97 2.05 2.03 1.88 
Er 1.04 1.12 1.06 1.07 
Yb 0.922 1.03 0.920 0.955 1.98 1.58 0.445 0.985 
Lu 0.153 0.299 0.258 0.066 0.147 





* Isotope dilution analyses by E. C. Simmons 
t Instrumental neutron activation analysis (INAA) by R.A.W. 


heavy REEs, the REE abundances of these anorthositic rocks 
fall within the range of values for Hawaiian basalts”. In terms of 
REEs and major elements these anorthositic rocks closely 
resemble anorthosite parental magmas estimated by Simmons 
and Hanson”'. 


Origin of anorthositic magmas 


Highly feldspathic magmas provide an immediate explanation 
for the existence of the Proterozoic anorthosite massifs. 
However, the source and genesis of these magmas remain 
significant problems. The fact that An and Mg/Mg+Fe vary 
sympathetically suggests that these magmas were in equilibrium 
with both plagioclase and pyroxene and that they therefore 
represent cotectic compositions. Available experimental data 
suggest that an appropriate cotectic with at least 75-80% 
plagioclase is present at pressures in the range 15-22 kbar in 
olivine-free tholeiitic compositions”? If they represent partial 
melts, their highly feldspathic compositions suggest that 
feldspar was in the source area and that a high proportion of the 
feldspar was melted. Light REE enrichment and small positive 
Eu-anomalies also suggest major melting of feldspar”. A pure 
feldspar source (for example, Archean anorthosite) is extremely 
unlikely because of the sympathetic variation of Mg/Mg + Fe 
with normative An in the three magmas. Direct derivation by 
partial melting of the mantle seems unlikely because of the low 
Me/Mg+ Fe (ref. 21). 

Alternatively, the feldspathic magmas reported here may 
have been derived by fractional crystallization from tholeiitic 
magma’. Possible distribution coefficients for REEs*' indicate 
that fractional crystallization of clinopyroxene could lead to a 
magma enriched in light REEs and depleted in heavy REEs, and 
develop a positive Eu anomaly from a liquid initially lacking 
one. Cotectic crystallization of plagioclase would also increase 
REEs and could be responsible for the smaller Eu of the Uivakh 
magma. Proterozoic dykes which cut the Nain complex have 
recently been found to carry megacrysts of high-Al ortho- 
pyroxene and cumulate nodules of plagioclase and two 


Table 3 REEs in rocks of the Kheovik Island and Uivakh Peninsula 


intrusions 

Kheovik Island Uivakh Peninsula 
Spec 777 779 8456 857 
La 9.03 10.17 23.54 23.09 
Ce 19.96 21.40 §1.43 50.74 
Nd 8.9 11.1 32.1 28.2 
Sm 1.86 1.72 5.14 5.44 
Eu 0.88 0.92 2.12 2.19 
Tb 0.226 0.206 0.732 0.835 
Yb 0.550 0.644 1.71 2.03 
Lu 0.064 0.100 0.254 0.3 18 





All analyses were determined by INAA at the NASA Johnson Space 
Center in Houston. 
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Fig. 2 Chondrite-normalized REEs of proposed partental mag- 

mas for three anorthositic plutons of the Nain complex. Values for 

the Kheovik Island and Uivakh Peninsula plutons are averages of 

analyses in Table 3. Values for the Tunungayualok Island intrusion 
are averages of the four analysed fine-grained dykes. 


pyroxenes. The composition of these minerals suggest that they 
would represent lower crustal cumulates responsible for the 
fractionation from basaltic to anorthositic magma. _ 

If these magmas have been generated from tholeiitic 
compositions, the need for a feldspar-rich cotectic suggests a 
tectonic environment characterized by a relatively high geo- 
thermal gradient and thick crust. An intracontinental rift zone 
might provide conditions necessary to generate these anor- 
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thositic magmas, and recent workers have argued that the 

Proterozoic anorthosite massifs have developed in such an 
. 2 Iå 

environment” 4, 


Conclusions 


The anorthositic magmas proposed here are documented by 
chilled margins and fine-grained dykes. They have compositions 
essentially identical to the coarse-grained, massive, homo- 
geneous anorthositic intrusions with which they are associated. 
Although only three different magma e been documented 
so far in Nain, it seems highly probable the many other similar 
but distinct plutons of massive anorthositic rocks will prove to 
have crystallized from other batche feldspathic magma. 
There is also abundant evidence that hagh Al basaltic magmas 
make volumetrically significant contributions to the anorthosite 
complexes! t7, pt ae | 

The anorthositic rocks within the F 













eroterozoic complexes, 
therefore, seem to have been generated by magmas ranging in 
composition from high-Al basalt’ ® to the highly feldspathic 
magmas reported here. These magmas define an entirely new 
association which is clearly distinct from previously known 
basaltic and calc-alkaline series. This unique magma association 
implies that unique tectonic and thermal settings are responsible 
for the generation of the Proterozoic anorthosite massifs. If most 
of these massifs prove to have ages in a-restricted time period 
(for example 1,400-1,500 Myr), as preseat evidence suggests”, 
then the conditions necessary to generete that magma series 
must have been most common in that period. Recognition that 
unusually feldspathic magmas are involved in anorthosite 
genesis should aid in evaluating how tectonic style, crustal thick- 
ness, and the geothermal gradient evolved in Proterozoic time. 

This work was supported by NSF grants EAR 73-00667 AQ? 
and EAR 75-14423 AO1. et 
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The DNA tetramer d(CpGpCpG) or CGCG crystallizes from high-salt solution as a left-handed double helix, the Z’ helix. 
Its structure differs from that of the other known left-handed helix, Z-DNA, by a Cl'-exo sugar pucker at deoxyguanosines 
rather than C3'-endo, and these represent two alternative solutions to the same steric constraint arisin g from the syn glycosyl 
bond orientation. The apparent molecular basis for the Z to Z' transition in going from intermediate to high salt is 
substitution of a bound anion for water at guanine amino groups, and consequent charge repulsion of anions and backbone 


phosphates. 
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THE predominance of right-handed DNA helices of the A and B | 


families was called into question recently by the discovery! that 


_ the double-helical DNA hexamer d(CpGpCpGpCpG) is a left- 


handed helix, and one in which the repeating unit is two base 
pairs rather than a single step. This ‘Z helix’ has since been found 
to explain the X-ray patterns from certain fibres with alternating 
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purine—pyrimidine sequences’. We now report that the high-salt 
form of the tetramer d(CpGpCpG) (hereafter to be termed 
CGCG) also adopts a left-handed conformacion, similar to but 
not identical with the Z helix. 

We, like Wang’, chose alternating CG oigomers of DNA 
for study because it has been known for some time?” that 
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alternating poly (dC-dG) undergoes a reversible, salt-induced 
conformation change with a midpoint at about 0.7 M MgCl, or 
2.5M NaC! (essentially the same ionic strengths); the exact 
nature of this change has been a matter of interest. We have 
reported that such a transition with a change in ionic strength of 
the surrounding medium can also be observed with the tetramer 
CGCG in the crystalline state itself’. Hexagonal crystals of a 
low-salt form can be grown by diffusion of ethanol into aqueous 
solutions of CGCG (for experimental details as well as crystal- 
lographic survey data, see ref. 7). High-salt crystals are grown by 
vapour diffusion from solutions containing DNA, MgCl, and 
2-methyl-2,4-pentanediol (MPD). The hexagonal low-salt 
crystals that form initially in this latter method crack into smaller 
blocks as the MgCl, concentration approaches 1M. These 
blocks and the crystals that nucleate subsequently show the 
orthorhombic X-ray pattern of the high-salt form. Conversely, 
high-salt crystals that are placed in a more dilute solution 
convert immediately from the orthorhombic to a slightly dis- 
ordered version of the hexagonal X-ray pattern’. Although the 
diffraction intensity distribution is quite different in the two 
forms, the transition is apparently small enough to be accom- 
modated within the crystal lattice packing. Unit cell dimensions 
suggest that the transition involves a shifting of the double 
helices relative to one another along the c axis, with the lateral 
packing of helices being relatively unaffected, as in Fig. 3 of ref. 
7. The structure of the high-salt form is now known and is the 
subject of the present article. 


Structure analysis 


Crystallization data and preliminary X-ray survey results have 
already been reported’. High-salt crystals are orthorhombic, 
space group C222,, with cell dimensions a= 19.50 Å, 


b = 31.27 A, c =64.67 A, and with one CGCG double helix 
(two CGCG monomer strands) per crystallographic asymmetric 
unit. The empirical formula of C33N,602,H4.P; per strand leads 
toa molecular weight of 1,172, and the measured crystal density 
of 1.6 g cm™ 


* indicates that the crystals are only 49% DNA by 
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weight. The structure was solved by the method of single 
isomorphous replacement. Diffusion of various ions and 
complexes into pre-grown CGCG crystals failed to produce a 
usable isomorphous derivative. Instead, two covalent heavy 
atom derivatives were prepared by de novo synthesis of the 
tetramer, with 5-bromocytosine in place of one of the cytosines 
at the first or third position, using the triester synthesis®. The 
derivative with bromine at the third position (3Br-CGCG) 
crystallized isomorphously with the native compound, whereas 
that with bromine at the first position (1Br-CGCG) did not. In 
the light of the final structure, we now can see that insertion of 
bromine at the beginning of the molecule interferes with stack- 
ing of adjacent double helices up the c axis, whereas 3Br-CGCG 
has no such impediment to stacking. Single isomorphous 
replacement phases’ calculated from the 3Br derivative yielded 
a mean figure of merit of 0.42 to a resolution of 2.7 A. These 
phases were used to calculate a ‘best’ or least r.m.s. error 
electron density map'®. A Kendrew wire model served as the 
starting point for Jack-Levitt refinement''. The completed 
structure consists of 158 non-hydrogen DNA atoms and 86 
ordered solvent atoms per asymmetric unit. The current residual 
error or R factor for 1,900 reflections (>20) to a resolution of 
5 A (beyond which the pattern fades rapidly) is 19.9%, 


The CGCG double helix 


As shown in Fig. 1, two CGCG strands in the high-salt crystals 
form a short left-handed antiparallel double helix with Watson- 
Crick base pairing. As in the Z helix reported for the CGCGCG 
hexamer’, cytosines retain their customary anti orientation 
about the C-N glycosyl bond, with the sugar ring turned away 
from the O2 carbonyl oxygen of the cytosine ring, and guanines 
adopt an unusual syn conformation with the sugar ring bent 
towards the guanine N3 ring nitrogen. The sugar-phosphate 
backbone therefore has a zigzag path, with two steps along the 
chain as the true helical repeat. The helical rotation between 
repeating units or pairs of base pair steps is — 60°. The minor 


Fig. 1 Stereo pair drawings 
of the high-salt CGCG double 
helix. Cytosine and guanine 
bases are labelled C1 to G8 to 
the left and right of the two 
stereo images. Two chloride 
ions are shown in a as large 
spheres coordinated to the N2 
amides of guanosines G2 and 
G6. Other spheres in order of 
decreasing radius represent P, 
O, N and C. The phosphorus 
atoms along the backbone are 
referred to as P2, P3 and P4 in 
one strand and P6, P7 and P8 
in the other. a, View into the 
minor groove, down the 
approximate 2-fold axis. 6, 
Oblique view from the 
outside, in the direction that 
would correspond to the 
major groove in the right- 
handed helices. 
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Fig. 2 Deoxyribose ring conformations: a, C3’-endo; b, C2’-endo; c 

Cl’-exo, The value of the C4'~C3' tomon angle y’ is clearly defined by the 

positrons of atoms O73’ (attached to C3’) and CS’, and is 82° (a), 144° (b), and 
120° (c) for the conformations drawn here. 


groove containing the guanine amino and cytosine carbonyl 
groups (Fig. 1a) is the only true groove in the helix, because 
what corresponds formally to the major groove with guanine 
carbonyl and cytosine amino groups (Fig. 15) is pushed out to 
the surface of the helix so that it is not a groove at all. The 
syn-anti alternation of glycosyl bonds may limit all such zigzag 
left-handed helices to alternating purine—pyrimidine sequences, 
because placing a pyrimidine base in the syn conformation 
brings its O2 carbonyl oxygen close enough to the Ol’ oxygen of 
deoxyribose to disturb their first hydration shells and permit 
dipole-dipole repulsion. 

The low-salt CGCGCG hexamer’ and the present high-salt 
CGCG tetramer differ slightly in the tilt of base planes to-the 
helix axis and base repeat spacing along the helix axis. In the 
hexamer the bases are tilted 7° away from perpendicularity to 
the helix axis and the average rise per residue along the axis is 
3.7 A. In the tetramer the base plane tilt is 9° and the average 
rise per residue is 3.8 A. These differences are associated with a 
more fundamental change in sugar cOnformation at deoxy- 
guanosine. In the hexamer the sugar pucker is C2’-endo at 
cytosines and C3’-endo at guanines. The tetramer also has 
C2'-endo sugars at cytosines, but at guanines the conformation 
is Ci'-exo. This latter is a conformational variant of C2'-endo, 
and quite distinct from C3’-endo (Fig. 2). Hence, to a crude first 
approximation, the sugar pucker is repetitive along the CGCG 
chain rather than alternating as in CGCGCG. 

The evidence for sugar pucker comes less from direct obser- 
vation of the rings themselves than from the geometry of the 
backbone chain. As the X-ray data for the tetramer do not 
extend to atomic resolution, every atom in the deoxyribose ring 
cannot be resolved and positioned accurately from electron 
density alone. A better guide to sugar puckering is the torsional 
angle about the C4'~C3’ bond in the five-membered ring (#' in 
Fig. 2). The X-ray results allow this angle to be specified with 
considerable accuracy, as the C5’-C4’-C3’-O3’ linkage is an 
extended chain with well resolved atoms. This torsional angle is 
directly related to the sugar pucker as shown in Fig. 2: ~ 82° for 
the C3'-endo configuration, 144° for C2’'-endo and an inter- 
mediate 120° for C1’-exo (ref. 12). In the CGCG structure it 


averages 141+4° for the four cytosine positions, and 122+ 1° 
for three of the four guanines; at one of the 3’-terminal guanines, 
G8, the final 03’ oxygen is disordered, 30 its #’ value of 141° is 
not representative of the ideal helical structure. 

The Cl’-exo conformation can be regarded as a slightly ‘bent’ 
C2'-endo, and this deformation can be seen from the tetramer 
structure to arise from a close contact between the N3 nitrogen 
atom of a guanine ring and the C2’ atom in the sugar ring that 
is in syn orientation to it. This distance averages 3.1£0.1 A 
in the crystal, with a C1'-exo pucker. Forcing the ring back into a 
C2'-endo conformation would push these atoms 0.4 A closer 
together, leading to an unacceptably short non-bonded contact. 
The observed tetramer backbone, therefore, represents the best 
that can be done using a repetitive C2’-endo-like sugar pucker, 
in the presence of alternating syn and anti glycosyl bonds. The 
alternation of 2’-endo and 3'-endo present in the CGCGCG 
hexamer’ represents a different solution to the same steric 
problem. 

We have termed our structure the Z’ helix because it differs 
from the Z helix to about the same degree, if in a different way, 
as the A’ helix with 12 base pairs per turn **’* does from the A 
helix with 11 (ref. 15). Transitions between both pairs, A to A’ 
and Z to Z’, can be induced by changes in salt concentration. A 
similar salt-induced transition is observed between the two 
principal members of the third family of helices, B with 10 base 
pairs per turn and C with 94 (refs 16-18). From this viewpoint it 


- might have been more consistent for the © helix to be termed the 


B’, but consistency in an evolving scientific nomenclature is a 
goal scarcely to be hoped for. 

Unlike CGCGCG, the molecular helix axis in CGCG does not 
coincide with a crystallographic axis, and the molecules are not 
stacked in such a way as to simulate a continuous helix. In Fig. 3, 
the two molecules are related by a 2-fold axis normal to the 
plane of the paper through the centre of the diagram. Horizontal 
2-fold axes above and below these molecules also relate them to 
other molecules not shown at the top and bottom of Fig. 3. An 
elongated solvent peak of eight electrons occupancy extends 
between positions 3.5 A away from the N2 amino groups of 
guanines G4 on the two molecules shown, and the distance from 
the amino group suggests that this is a partial-occupancy, dis- 
ordered chloride site rather than water. At the other end of each 
molecule, the amino group of guanine G8 is coordinated to a 
water molecule at 2.7 A distance rather than to C17, and a 
network of solvent molecules crosses each horizontal 2-fold axis 
to connect to another molecule not shown. Each molecular helix 


Tabie 1 Compermson of left-handed DNA behces 


Hela Z Z 
Where found Hi CGCG  Low-sealt CGCGCG 
Repeating units per turn 6 07+0.31 6 
Lateral crystal pecking diameter* 18.44 18.1A 
Rise per repeat 7.614011 A 743 At 
Base pair tut to helix acs 9° T 
Rotation per repoatmg unit ~~ 59.4+3,1° -67 
Glycoeyl torsion angle (y) 
anti (23°) and (21°, 32°)4 
syn (— 106°) syn (- 112%, —118*}4 
Sugar pucker (#’) 
C2'-endo (141°)  C2'-endo (138°, 147°} 
Cl'-~exe (122% C3’-endo§ (99°, 94} 
Distance of P from axis 
d(CpG) 6.04034 694 
d(GpC) 8.2+0.4A 8.0 A 
P-P drstance across helix 
d{(CpG) 1i4andi21A 12.5 À 
d(Gpc) 165A 15 Å 
Ret. This work 1 


As the repeating unit in each bebx s two consecutive bases, C and G, all helix 
parameters given have been expressed in terms of this repeat, rather than 
individual bases, Idealtred parameters for the Z’ helix have been obtained using a 
helsx-building provided by John Rosenberg. . 

*d=0.5 (a7+57), where a and b are crystal cell dimennons. 

tc/6, where c is the cell dimension along the helh axis. 

fVariants Z, and Zm, 

Reported as C3'-endo, but with torsion angles closer to C2’-exo (ref 12) 
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axis is tilted 14.3° away from the crystallographic c axis, which is 
vertical in Fig. 3. | 

In addition to this mismatch of molecular helix axes, the two 
molecules shown are not stacked in a way that continues the 
helical twist. For this to be true, the lower two base pairs of the 
top molecule in Fig. 3 should be rotated by ~ 60° relative to the 
upper two base pairs of the bottom molecule. The observed 
rotation is only — 30°, and the reason for this smaller rotation is 
that it maximizes base pair overlap between molecules. The 
absence of linking phosphate groups permits this more favour- 
able stacking with base pairs almost eclipsing one another, 
whereas within a helix the GpC base stacking involves a 32° 
twist. The combination of a 60° helical twist within each mole- 
cule and a 30° non-helical twist between molecules turns the c 
axis into a pseudo-4, screw axis, leading to a strengthening of 
(0, 0, D reflections with /=4n and weakening of the others, as 
was noted from the first survey X-ray photographs’. The mole- 
cular packing.is exactly as was predicted in Fig. 7 of ref. 7, except 
that the lateral 2-fold axes run between molecules rather than 
through the molecular centres. The 2-fold symmetry of the two 
halves of any one molecule is only approximate. 


The idealized Z’ helix 


To establish the helix axis and other helical parameters as shown 
in Table 1, the rotational and translational parameters that best 
mapped the first CG half of the molecule onto the second half 
had to be found analytically. As with CGCGCG, there are six 
repeating units per turn of ideal continuous helix. The rise per 
repeat and the tilt of base planes to the helix axis are both slightly 
greater in CGCG than in CGCGCG, but the most conspicuous 
differences are the deoxyguanosine sugar puckering, mentioned 
earlier, and the phosphate separation distances listed in Table 1. 

Figure 4 shows three CGCG molecules stacked on top of one 
another with their helix axes coincident and with — 60° rotation 
between them to simulate one complete turn of Z' helix. 
Although each molecule is correct as observed, this idealized 
arrangement of them has no relationship to the actual molecular 
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Fig. 3 Stereo drawing of stacking of 
neighbouring molecules along the ¢ axis 
(vertical). These two molecules are related 
by a crystallographic 2-fold axis normal to 
the plane of the drawing through the 
central bridging chloride ion (large circle). 
This ion is actually a cigar-shaped peak 
elongated vertically from one guanine 
plane to the other, and could represent 
statistical occupancy of two sterically 
exclusive coordination positions to the 
two G4 guanine rings. 


packing in the crystals. Zigzag lines connect the phosphorus 
atoms, including missing phosphates necessary to turn the three 
molecules into a continuous helix. As was noted for the Z helix, 
each cytosine deoxyribose ring has its oxygen atom packed 
against a guanine ring one step farther along the chain. Each 
base plane in Fig. 4 is puckered or twisted, and the observed 
deformations imply a steric repulsion by this close-packed sugar 
oxygen. A careful examination of Fig. 2 of ref. 1 reveals a similar 
apparent repulsion between guanine rings and deoxyribose 
oxygens in the Z helix, and this may be a characteristic feature of 
these left-handed zigzag structures. 


Ion binding and helix conformational change 


CGCGCG was crystallized from low-salt conditions and CGCG 
from high salt. The explanation for their observed difference in 
backbone conformation, and also for the salt dependence of the 
transition, may lie in the presence of bound chloride ions in the 
CGCG structure. DNA itself is a polyanion; if one assumes a 
charge of —3 on each CGCG strand and the observed crystal 
packing, then the crystals are 2.0 M in negative charges which 
must be neutralized by cations. By comparison, crystals of 
CGCGCG with an assumed —5 charge per strand and the 
published cell constants’ are 2.6 M in negative charge, which 
sets a lower limit on the compensating cationic charge molarity. 





Table 2 Solvent binding to base amino groups in CGCG 


AANE prarandami ALAA aaa Supa AAA 


N-to-solvent 


Base no. distance (A) Refined total Probable 
electrons identity 
Minor groove: N2 of guanines 
G2 3.6 16 Cr 
G4 3.5 8 cr” 
G6 3.2 ii cr 
G8 2.7 5 H,O 
Major groove: N4 of cytosines 
C3 3.1 4 H,0 or CI? 
CS 3.2 7 cr 
C7 3.6 8 cr 


a a a a A a A E a 
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Although CGCGCG was crystallized from low-salt solution 
conditions, it is by no means in a low-salt or low-ionic strength 
environment within the crystals themselves, and this may be 
significant for the helix conformation in the crystal. CGCGCG 
might better be described as an intermediate salt structure. 

As mentioned earlier, high-salt CGCG has additional 
chloride anions bound within the crystal structure, and these are 
listed in Table 2. In the minor groove, two sites of occupancy 16 
and 11 electrons:are found 3.6 A and 3.2 A away from the N2 
amino groups of guanines G2 and G6 (Fig. 1a). An elongated 
8-electron peak bridges N2 amino groups of guanines G4 on 
adjacent molecules as depicted in Fig. 3. Two more partial- 
occupancy chloride sites are coordinated to amino group N4 of 
cytosines C5 and C7 on the ‘major groove’ surface of the 
molecule. Hence, allowing for partial occupancy and other 
possible minor sites, we estimate that there are approximately 
four bound chlorides per double-stranded helix or two per 
monomer. This leads to a total negative charge molarity from 
DNA plus chloride of 3.7 M, which again places a lower limit on 
compensating cation molarity. 

The phosphate group connecting bases G6 and C7 in CGCG 
is rotated out and away from the narrow groove relative to its 
position in CGCGCG, in a manner which suggests electrostatic 
repulsion between it and the chloride bound to G6 (Fig. 1a). The 
phosphate connecting G2 and C3 is rotated away from the 
chloride bound to G2 in a similar manner, and together these 
account for the 1.5 A increase in GpC phosphate separation in 
the Z' helix shown in Table 1. By contrast, in CGCGCG the 
phosphate and the guanine N2 amino groups are actually 











Fig. 4 Stereo view of stacking of three CGCG mole- 
cules on top of one another in such a way as to simulate 
a continuous 6-fold Z’ helix. Zigzag lines connect the 
phosphate backbone of an ideal helix, including the 
absent phosphates between molecules. The base plane 
normal is tilted 9° to the helix axis. The nearest 
phosphates on opposite strands are only 8.1 A apart 
across the minor groove. The ‘major groove’ is pushed 
to the outside of the helix and is not a groove at all. 
Base plane puckering is such as to suggest steric 
repulsion by adjacent cytosine deoxyribose oxygen 
atoms. This is an isometric drawing with the viewing 
point at infinity; previous stereo figures have been 
perspective drawings with a finite viewing distance. 
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bridged by a hydrogen-bonding water molecule, as shown 
schematically in the left half of Fig. 5. This difference in phos- 
phate position is sufficient to account for the increase in torsion 
angle w’ from 82° in CGCGCG to 122° in CGCG, and the 
change in sugar conformation at guanine from C3’-endo to 
Ci'-exo. It is significant that Pohl and Jovin did not see a 
salt-induced conformational change in either polyidl-dC) or 
poly(dA-dT), both of which lack the N2 amino group in the 
minor groove. Patel’s observation that poly(dI-dC) shows only a 
single phosphorus NMR resonance’? rather than the two found 
with poly(dG-dC)”° indicates that the (dI-dC) polymer is not 
already in a zigzag left-handed helix in the conditions examined, 
It may be that the loss of the solvent interaction in Fig. 5 tips a 
delicate free energy balance in favour of a right-handed helix. 

This is the first single-crystal study of an alteration in doubie- 
helix geometry produced by binding of ions, but not the first time 
that such mechanisms have been invoked to explain transitions 
monitored by circular dichroism or other methods. Both the A 
to A’ transition'** and the B to C'*"’ may involve specific ion 
binding, and there may be a certain amount of parallelism in the 
behaviour of the three principal families of nucleic acid double 
helices: A, B and Z. 


Why a left-handed helix at all? 

To date, X-ray, circular dichroism, laser raman and/or N MR 
evidence has been found for a salt- or alcohol-induced transition 
that probably involves a right- to left-handed helix change, with 
poly(dG-dC) (ref. 3) and poly(dI-Br°dC) (ref. 20), but not with 
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Table 3 Nucleic acid double-helix geometry 


Artman te renea 








Family A B Z 
Helix sense Right Right Left 
Glycosy! bonds anti anti syal anti 
Sugar pucker C3'-endo C3'-exo (or C2?'- Alternating 
` endoj 

Helix A A! B C Z Z 
Bases per turn 11 12 10.4-10* 94 12 12 
Rotation per base i a is 30° 34.6°-36° 38.6° ~-60°/2 —60°/2 
Pitch (A) 30.9 36 33.8 31 446 45.7 
Rise per base (A) 2.8 3.0 3.38 3.31 7.43/2  7.61/2 
Lateral packing 

diameter (A) 23 23 19.3 19.2 1814 18.4 
Base tilt 16°-19° 10° ~—6° ~§° -7° -9° 
Refs 

Conformation 15 13,14 15 16, 18 Í This 

work 
Transformations 
within family 13, 14, 17 16-18, 29, 30 7, this work 
Transformation 
from B family 16, 21, 28 oe 3-7, 20 





*Fibre diffraction experiments indicate 10 base pairs per turn, but solution 
measurements”’ and theoretical calculations”? favour a slightly larger non-integral 
value. The entire B-C family probably represents a continuum of rotation angles in 
the range 34°-39°. 


poly(dI-dC) itself, poly(dA-dT), poly(dA-Br°dU), poly(dA- 
I'dU), the ribonucleic acid poly(rG-rC), or any sequence lacking 
a purine/pyrimidine alternation”. It is not difficult to see why 
zigzag left-handed helices might be limited to such alternating 
sequences: the steric repulsion mentioned earlier between 
cytosine and a syn deoxyribose ring may be sufficient. However, 
why should even poly(dG-dC) adopt a left-handed geometry in 
preference to a right-handed helix of the A or B families, and 
why the apparent discrimination between various possible 
alternating sequences? 

Properties of the six principal helices in the three helix 
families are compared in Table 3, and their known intercon- 
versions are schematized in Fig. 6. The three sectors of the circle 
about the B helix represent the three ways of bringing about 
transitions: lowering the humidity of fibres or films, increasing 
the alcohol concentration, or raising the ionic strength by 
increasing the salt concentration. Transitions within one family 
seem to be salt dependent and may even involve specific ion 
binding. This is certainly true for anion binding in the Z to Z’ 
transition, as the X-ray results have demonstrated. Ivanov’’ has 
also observed a correlation between the relative abilities of 
alkali metal cations to induce the B to C transition, the radii of 
the hydrated cations and the width of the minor groove as the 
helix winds down from 10 base pairs per turn to 93. Little 





y =122° 
Cl'- exo 


ys 82° 
C3'-endo 


Fig.§ Interactions between deoxyguanosine O3' phosphate and N2 amino 

group in the Z helix of low-salt CGCGCG (left) and Z’ helix of high-salt 

CGCG (right). In CGQGCG the two groups are bridged by a water mole- 

cule, whereas in CGCG the phosphate is repelled by a bound chloride. This 

can account for the observed increase in h (the C4'~C3’ torsion angle) from 

82° in CGCGCG to 122° in CGCG, and the change in sugar pucker from 
C3'-endo to Cl -exa. 





information is available about the A to A’ transition in DNA, 
but in RNA the transition is salt induced. All these intercon- 
versions within families are probably non-cooperative as they 
occur gradually over a reasonably broad range of conditions. 

The transitions between the B helix and A or Z families are 
sharper and are cooperative in nature**’. This is not surprising, 
because a major change in backbone conformation at one point 
along the helix will make it easier for neighbouring regions to 
adopt the same changes, and for the transformation to pro- 
pagate along the helix. Only the B to C conversion is appreciably 
temperature sensitive: with a AH® of —10 kcal, the C form is 
increasingly favoured as the temperature falls”, In contrast, 
the B to A and B to Z transitions are essentially isoenthalpic and 
independent of temperature’? 
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Fig.6 Families of double helices and transitions between them. Transitions 
between members of one family, within oval outlines, are influenced by salt 
concentration. Transitions between families can be brought about by chang- 
ing relative humidity and salt content in fibres or films, or changing ionic 
strength or solvent polarity in solution. Critical salt and ethanol concen- 
trations, from refs. 3, 6, 17, are expressed as midpoints rather than endpoints 
of transitions. The B to Z transition, involving a change in helix sense, may be 
restricted only to certain alternating purine/pyrimidine sequences. 


Ions in high-salt conditions could be imagined to have any of 
three roles in effecting helix transformations: (1) specific binding 
to DNA, (2) charge-cloud screening of phosphate-phosphate 
backbone repulsions, or (3) a general lowering of activity of 
water molecules because of hydration of ions. Phosphate 
screening has been invoked to explain both the B to Z and the B 
to C transitions'*'’, but this seems unlikely for two reasons. 
Although phosphate groups on different helix strands are closer 
together in the Z or C helices than in the B, they are fully as close 
in A and Z. If the screening argument were valid, the A helix 
should be stabilized by high-salt conditions. In fact, it seems to 
be the form of choice only in minimal salt conditions, whether in 
fibres or in solution. Moreover, the B to Z conversion is 
favoured both by alcohol and by salt, and these have opposite 
effects on phosphate repulsions: salt diminishes the repulsion by 
charge-cloud screening, but alcohol increases the strength of © 
negative charge repulsion by lowering the dielectric constant of 
the surrounding medium. Manning” has also pointed out that, 
because of the phenomenon of charge condensation along a 
polyelectrolyte, the local ion concentration around a poly- 
electrolyte charge and its degree of neutralization do not follow 
a simple law of mass action; the phosphate charges in DNA may 
be largely neutralized by even a small excess of cations, as recent 
23Na NMR experiments have shown’’. 
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The one effect that is shared by the drying of fibres, increasing 
salt concentration and increasing the amounts of such solvents a 
ethanol, isopropanol or dioxane, is a general lowering of the 
activity or effective concentration of water molecules, Each 
treatment, in a sense, is a kind of local dehydration of the 
polymer. If one regards the B form as most stabilized by 
interactions with water molecules, whether specific or 
nonspecific, and the A and Z forms as less involved with water, 
then all of the inter-family transitions in Fig. 6 become consis- 
tent. Although achieved by different means, they have a com- 
mon result. This interpretation would also explain why both the 
‘low-salt’ hexamer- and the high-salt tetramer of CG adopt a Z 
conformation in the crystal, because the water activity is lowered 
by both the high DNA concentration and the high cation 
concentration required for charge neutrality. The act of 
crystallization is a process of concentration for both DNA 
and ions. re A 

As Fig. 6 suggests, the left-handed Z helix family actually 
seems to be the conformation of choice when water activity is 
lowered, but only if the base sequence permits its adoption. At 
present, this seems to require an alternating purine / pyrimidine 
sequence, or even poly(dG-dC). Is this preference for the Z helix 
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sufficiently strong to produce it even if adjacent regions of DNA 


are of sequences that cannot adopt the Z conformation? More 
information is needed from crystal structure analyses of related 
double helices. Data have been collected in this laboratory by 
Drew and Wing’® on a self-complementary DNA dodecamer 
with the sequence CGCGAATTCGCG, having adjacent Z- 
compatible and Z-incompatible segments. Other dodecamers 
are being synthesized with sequences that, hopefully, will exhibit 
classical B or C helix structures. These, and other carefully 
chosen sequence variants, should greatly assist the unravelling 
of the importance of solvent and other factors in stabilizing 
different helical types, the significance of the new left-handed 
structures and their ability to influence the conformation of 
neighbouring sequences that cannot adopt the Z or Z 
configuration. 
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The periodicity of DNA has been determined by binding short, stiff pieces of DNA to a flat surface and using DNase I to 
probe the accessibility of the phosphodiester bonds. We have found that the distance between successive DNase I cuttin g sites 
is 10.6 + 0.1 bases for the DNA immobilized on three different surfaces. We identify this value with the number of base pairs 


per turn of the DNA double helix in solution. 





FOR many years it was assumed that the B form of DNA, 
observed in X-ray diffraction patterns from fibres at high humi- 
dity, represented the structure of DNA in solution ‘3. The B 
form has 10 base pairs per turn of the helix, but recent studies 
have suggested a value close to 10.5 (refs 4, 5). However, the 
disagreement persists. We describe here a new approach to the 
problem of the helical repeat of free DNA, which gives results of 
high precision. 

An accurate determination of the helical periodicity of DNA 
in solution is required to follow in detail the folding of DNA 
from solution into nucleosomes, the elementary building blocks 
of chromatin. We have postulated* a change in the DNA 
periodicity when nucleosomes are formed, in order to reconcile 
the model of a nucleosome core derived from X-ray crystallo- 
graphic studies, where the DNA in each nucleosome is wound 
into about two turns of a superhelix, with measurements of the 
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superhelicity on closed, circular DNA extracted from SV46 
chromatin, which showed a change of linkage number nearer 
one’. 

Our approach is based on that used previously to probe the 
helical periodicity of DNA on the nucleosome*™''. The action of 
DNase I (and some other nucleases) on chromatin or on 
nucleosome cores is to produce, after denaturation of the DNA, 
a set of single-stranded fragments differing in size by about 10 
bases. Presumably the enzyme tends to attack the regions of the 
DNA backbone which are well exposed, and so will produce a 
spectrum of fragment sizes, which will repeat with approxi- 
mately the periodicity of the DNA double helix. Liu and Wang” 
found a similar distribution of DNase I fragntents when studying 
DNA interacting with gyrase, and also observed it in the case of 
DNA bound to hydroxylapatite. This work, together with the 
development by Lutter’ of a high resolution gel electrophoresis 
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system capable of resolving random sequence DNA fragments 
differing in size by a single nucleotide, stimulated the experi- 
ments described in this article. 

A double-stranded DNA fragment, nominally 140 base pairs 
long, has been immobilized on a fiat, inorganic surface, then 
lightly digested with DNase I and the fragments produced 
separated by the denaturing, high resolution gel system. The 
distance between successive DNase I cutting ‘sites’, that is the 
distance between neighbouring groups of accessible phos- 
phodiester bonds, is found to be 10.6 + 0.1 bases. Because of the 
simple geometry of the experiment, and because the same value 
is found for the DNA bound to three different inorganic sur- 
faces, we believe that the measured distance between DNase I 
cutting sites directly reflects the helical periodicity of DNA free 
in solution, 


Design of the experiment 


The idea behind the experiment is that if a straight, stiff piece of 
DNA lies on an atomically flat surface, the access of the enzyme 
to one side of the DNA helix is hindered in a uniform way along 
its length (Fig. 1). Only the most exposed phosphodiester bonds 
will be accessible to the enzyme, and these will recur with the 
periodicity of the double helix (Fig. 25). The distance between 
the sites of attack of the nuclease gives the helical repeat 
directly. In the absence of a hindering surface all phosphodiester 
bonds are equally accessible and no ‘image’ of the periodicity is 
seen. 

There are two methods for measuring the periodicity of the 
nuclease cutting sites. The first is to use a piece of DNA of 
defined length and incorporate a radioactive label at, say, the 5’ 
terminus. Then the length of a single-stranded fragment 
produced by the nuclease action gives the position of cutting 
from the 5’ end, and the intensity of the band on the autoradio- 
graph gives essentially the frequency of cutting at that site. A 
kinetic analysis of the cutting rate can be made’*. For this method 
to work, all the DNA molecules must lie in the same azimuthal 
orientation relative to the surface, and this assumption is 
justified by the results. The second method, which does not 
require a fixed length of DNA and is independent of the 
orientation of the molecule, is to introduce the label after the 
nuclease digestion, but this gives less total information (see 
below). 

As a source of short, random sequence, double helical DNA 
pieces of defined length, we have used *140-base pair DNA’ 
extracted from nucleosome cores, actually 148+2 bases long. 
The persistence length of DNA is about 600 A, so this DNA 
behaves like stiff rods'*"*. 

To immobilize the DNA on the surface, that is to stop it rolling 
about, inorganic crystals were chosen which naturally formed 
flat surfaces, and where divalent cations were present or could 
be supplied. To exclude the possibility of a particular surface 
imposing a particular periodicity on the DNA by epitaxial 
action, experiments were performed with three different 
materials having different surface structures, namely calcium 
phosphate, magnesium phosphate and mica. To minimize 
interactions between the DNA molecules, fine crystalline dis- 


persions were used so that the binding surface areas were very 


large in comparison with the concentration of DNA. 


Materials and methods 


Double helical DNA was extracted with water-saturated 
phenol/chloroform (1:1 v/v) from preparations of nucleosome 
cores", precipitated twice with ethanol and the precipitate dis- 
solved in 20 mM Tris-HC1, pH 8.0, and 20 mM NaCl. The 
length distribution of the single strands ranged from 146 to 150 
bases with an average of 148 bases. 

The 5’ termini of the 140-base pair DNA were labelled with 
3P by incubating with [y-**PJATP (Amersham) and T4 poly- 
nucleotide kinase (Boehringer) essentially as described by 
Lutter®’. The efficiency of labelling was not less than 50%. 
When DNA was digested with DNase I before end-labelling, the 
DNase I fragments were labelled with *’P as described else- 
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Fig. 1 Schematic drawing of the accessibility of an enzyme to 

DNA lying on a flat surface. The surface restricts a spherical 

enzyme with a diameter of 30 A to a maximum of four accessible 

phosphodiester bonds. (DNase I, if spherical, would be larger than 
shown and have even less access to the DNA.) 


where’. To be able to quantify the binding of *’P-labelled DNA 
to a surface, the excess [y-" P]ATP was separated from the 
labelled DNA fragment on a non-denaturing, 6% poly- 
acrylamide gel". 

The calcium phosphate and magnesium phosphate surfaces 
were prepared by mixing potassium phosphate with either CaCl, 
or MgCl, to a final concentration of 40 mM potassium phos- 
phate and 25 mM CaCl, or 25 mM MgCl, in 50 mM Tris-HCl, 
pH 8.0. Magnesium phosphate readily forms platelet-like crys- 
tals whereas calcium phosphate forms a polycrystalline pre- 
cipitate. The mica surface was prepared by grinding up mica 
sheets, washing and resuspending the powder at 0.2 g mi~’, in 
50 mM KCI, 8 mM MgCh and 20 mM Tris-HCI, pH 8.0. Similar 
conditions were used to bind DNA to mica for electron micros- 
copy”. 

A typical experiment consisted of adding 5 pg **P-5'-end- 
labelled 140-base pair DNA to 50 ul of a suspension of calcium 
phosphate or magnesium phosphate or mica, and leaving for 
1-2h at room temperature. The extent of binding can be 
monitored by pelleting the suspension and measuring the 
radioactivity in the pellet. 

Incubations with DNase I (Worthington) were carried out in 
conditions where all the DNA was bound to the surface. In the 
experiments using calcium or magnesium phosphate, 10 U 
DNase I was used at 37°C for 5-20s, but with mica only 
0.5 U DNase I was needed to obtain the same extent of diges- 
tion. Incubations were stopped by adding EDTA in excess of the 
divalent cation. The DNA was extracted with chloroform/iso- 
amyl alcohol (24:1 v/v) and precipitated twice with ethanol. 
DNase I digests of the. parent nucleosome cores, which were 
used as size markers, were carried out as reported elsewhere’. 

Samples of both DNase I-digested 140-base pair DNA and 
nucleosomes were fractionated by 6-10% denaturing high 
resolution gel electrophoresis, which is capable of resolving 
random sequence DNA fragments that differ in size by only one 
base’. 


Experiments with 140-base pair DNA 


The results of a typical experiment where the 5'-end-labelled 
140-base pair DNA preparation was bound to calcium phos- 
phate, magnesium phosphate and mica, and then digested with 
DNase I are shown in Fig. 3, lanes a-c. In the autoradiograph a 
pattern of fine bands can be seen, which represent single- 
stranded DNA fragments differing in size by only one base. The 
intensities of the fine bands vary sinusoidally, showing broad 
maxima at regular intervals, about 10 bases apart. 

The ‘ladder’ formed by the broad bands or maxima is an mage 
of one side of the DNA structure as seen by the nuclease. A 
group of successive phosphodiester bonds, which are accessible 
to DNase I, give in the autoradiograph a set of intense fine 
bands, This set of fine bands, if unresolved, would give a broad 
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band, or envelope, whose centre corresponds to a local maxi- 
mum in the frequency of cutting on the DNA. We call this a 
‘site’”. 

The distance between DNase I cutting sites can be obtained by 
simply counting the number of fine peaks between the maxima, 
corresponding to sites, and then dividing by the number of sites 
traversed. In Fig. 4 the number of fine peaks between sites S3 
and S9 is 63, giving a value of °*/,=10.5 bases. A more 
objective analysis of the densitometer tracings using Fourier Length 
methods, described later, gives 10.6+0.1 bases as the distance i 
between consecutive DNase I cutting sites. 

Note that the absolute lengths of the fragments, which are 
determined by including known length markers in the gel 
separation (Fig. 3, lane N), and which locate the sites with 
respect to the 5’ end, have no role in this determination. 


312 
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Interpretation of the DNase I =e 
cutting pattern 

We have interpreted the above results as if most of the DNA 
molecules lie in the same azimuthal orientation on the surface, 
and also as if both DNA strands were being cut at exactly the 
same distance from each respective 5' terminus. 

The simplicity of the DNase I pattern in Figs 3 and 4, which 
show maxima with halfwidths of 4-5 bases and about 10 bases 
apart, suggests that these assumptions are valid. After allowing 
for the distribution of DNA lengths present in the original 
preparation’, the width of the DNase I cutting site is only about 
2 bases. This is what one might expect when the access of a 
molecule, with a minimum diameter of 30 A, to the DNA helix is 
hindered by a flat, backing surface (Fig. 1). Moreover, as either 
or both of the two S’ termini in a molecule are labelled at 
random, what is observed is the composite frequency of cutting 
on the two strands of the double helix. The two strands must be 
cut in a symmetrical fashion to give rise to such a clean pattern. 
This means that the two **P-labelled 5’ termini bear the same 
relationship to the binding surface, which is geometrically 
equivalent to saying that the unique dyad through the centre of 
the DNA molecule lies perpendicular to the surface (Fig. 25). If 
this were not the case and the orientations of the molecules were 
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Fig. 3 | Autoradiograph of DNA fragmests from. electrophoresis 
in a high resolution, denaturing gel made with 8% acrylamide and 
1.35% methylene-bis-acrylamide. Lanes A, Band C contain DNA 
from DNase I digests of/the *’P-end-labe‘led 140-base pair DNA 
preparation bound to calcium phosphete (A), mica (B) and 
magnesium phosphate (C). Lane N contains DNA from DNase I 
digests of *’P-end-labelled nucleosome coves, Broad bands in lanes 
A, B and C, corresponding to sites of DNase I attack, are labelled 
S4 to $12, while the absolute fragment lemeth in bases is indicated 
for lane N on the left. 


random, then each 5’ end of the two strands in a molecule would 
give rise to its own series of bands, but displaced with respect to 
each other. The maxima in the cutting pattern would then be 
much broader than we have observed. 

Although the results speak for themselves, it seems at first 
sight unlikely that all the DNA molecules would lie down in the 
same orientation. While clearly the bulk of the energy of binding 
to the surface comes from the phosphates along the length of the 
molecule, these would be indifferent to the orientation adopted. 
However, the binding of the ends of the molecule depends on 
the particular orientation and presumably it is the need to 
balance this interaction at the two ends which decides the 
symmetrical orientation adopted. 

Further reassurance that the DNA molecules dispose them- ` 
selves symmetrically on the surface comes from some experi- 
ments where a second, fainter pattern o° bands can be seen lying 
halfway between those in the normal pattern, also repeating 
about every 10 bases (Fig. 2a@). We be ieve the second pattern 
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Fig. 2 Two settings of DNA on the surface. a, Autoradiograph 
from a region of a denaturing, high resolution gel electrophoresis of 
a sample showing two patterns of band maxima, I and II, displaced 
relative to each other by five bases. b, Schematic drawing of the two 
possible azimuthal orientations of a DNA molecule bound sym- 
metrically to a surface. Setting I represents the major azimuth of 
the DNA, giving rise to the DNase I fragments as also observed in 
Fig. 3, lanes A, B and C. Setting H represents the minor azimuth of 
the DNA, giving rise to a set of DNase I fragments which migrate 
halfway between the major set of DNase I fragments. The piece of 
DNA in H is rotated through 180° with respect to I. A site of DNase 
I cutting is represented by three arrows. {This site need not occur at 
the most exposed position, furthest from the surface, as the enzyme 
need not cut at the site of binding.) 


comes from DNA molecules which have rotated through 180° 
with respect to the first setting, so that the 5S’ termini are still 
symmetrically disposed, and the centre] dyad is still perpendi- 
cular to the surface. This rotation would give an apparent 
translation of half of the periodicity, abc ut 5 bases (Fig. 2b, 1, ID. 
When the second setting is present, never at more than about 
30%, then counting between maxima becomes more difficult, 
but the Fourier analysis still gives the same value of 10.6 bases. 
That it is the ends which determine the particular orientation is 
made clear by an experiment in which the %40-base pair DNA 
preparation was treated with nuclease $1, which would remove 
any bases projecting at the 5’ end. This treatment results in both 
settings I and H appearing with equal proportion. 
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Fig. 4 Densitometer tracings of autoradiographs from the high resolution gel in Fig. 3, lane A (S5-S14), and of the same sample 

electrophoresed for a shorter time (S3-S5). The fine peaks, which are produced by DNA fragments differing in size by one base, have been 

numbered from 0 to 63 over the five bands from $3 to S9. The absolute fragment length in bases is indicated under the broad peaks in the 
densitometer tracing. 


Probability of DNase I cutting at the sites 


The probability of cutting at each site on the 140-base pair DNA 
can be found by cutting out the broad bands from the gels and 
measuring the radioactivity in each. However, the percentage of 
radioactivity in a band must be corrected for any cutting which 
might have occurred between that site and the labelled 5’ end’. 

The result is shown in Fig. 5. The probabilities of cutting at 
each of the 13 sites are approximately equal, but there is a clear 
tendency for an alternation between successive sites. This is to 
be expected, as in a DNA helix with a screw of 10.6 bases, there 
is almost an exact integral repeat after two turns. This local 
alternation in cutting frequency can indeed be seen directly in 
Figs 3 and 4, in the region of sites S9 and $13. Apart from this 
small modulation, analysis of Fig. 5 shows that all sites are 
essentially equivalent and cut at random, again justifying one of 
the assumptions behind the experiment. 


Fourier analysis of the cutting frequency 


The gel patterns may be analysed by Fourier transformation, 
which is more objective and accurate than simply counting the 
number of fine peaks between maxima, corresponding to sites. 
Moreover, it is the only method applicable when there are 
superimposed patterns with different periodicities or, what is 
more germane (see below), several patterns with the same 
periodicity but different starting points. 

A Fourier transformation program applied to the amplitudes 
of the fine peaks in a densitometer tracing of an autoradiograph 
of a high resolutionegel produces a frequency spectrum of the 
periodicity (ies) present. The results of the method applied to 
such densitometer tracings as given in Fig. 4 are shown in Fig. 6. 
The breadth of the central maximum and the side lobes are just 


what would be expected from the limited length of pattern used 
in the analysis, in this case five repeats. The good agreement with 
the theoretical function expected (of the form sin 27NX/2a7NX 
where N is the number of bases and X the periodicity in 
‘reciprocal bases’) indicates that a single waveform is making up 
the DNase I patterns of Figs 3 and 4. 

The frequency spectra given by the experiments with the 
140-base pair DNA bound to the three surfaces agree well with 
each other. The mid-points at half height are: calcium phos- 
phate, 10.58 bases; magnesium phosphate, 10.6 bases; and 
mica, 10.62 bases. These values coincide well within the 
experimental error, which we estimate is 0.1 base. We conclude 
that the distance between DNase I cutting sites reflects a pro- 
perty of the DNA structure that is conserved when the DNA is 
bound to different inorganic surfaces. 


Experiments with DNA of different lengths 


To eliminate the possibility that the helical periodicity of 10.6 
bases per turn of DNA found above could somehow depend on 
the particular length or end distribution of DNA used, we have 
also investigated a preparation of nominally 200-base pair DNA 
pieces extracted from nucleosomes (rather than from 
nucleosome cores). This contains a range of sizes, from 140 to 
240 base pairs. With such a wide distribution of lengths, the 
external 5’ end-labelling technique loses its simplicity. The 
radioactive label is now introduced after the nuclease treatment, 
to label the new 5’ ends of the fragments produced (‘internal 
labelling’). 

The result of such an experiment is shown in Fig. 7, together 
with that of a 140-base pair DNA preparation treated in the 
same way. A pattern of bands with intensity maxima at about 
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Fig. § The normalized probability of DNase I cutting at each site 

on the 140-base pair DNA fragment bound to calcium phosphate. 

S1 and $13 are shown dashed as these values are less accurate than 

the values at the other sites. The diagram is for the early stages of 

digestion, when the average number of cuts per single strand is 
0.98. 


every 10 bases is seen, i but this has a higher background than the 
patterns shown in Fig. 3. The difference between the two 
experiments is that in Fig. 3 and Fig. 7, channel A, the only 
fragments seen are those beginning at the *P.labelled 5' end 
and ending at a DNase I cut, whilst in the case of the ‘200-base 
pair DNA’ (Fig. 7, lane D) all the fragments produced by DNase 
I are seen because the **P label was introduced after incubation 
with the enzyme. The pattern obtained by internal labelling does 
not depend on the azimuthal orientation of the DNA molecules. 
The first experiment gives a direct map of the cutting sites, 
whereas the second gives the autocorrelation function contain- 
inga superposition of similar patterns, all with different starting 
points. 

Thus in Fig. 7 ‘lane D the gel scans do not show a clear 
sinusoidal pattern, so direct counting of peaks between maxima 
is more difficult. The Fourier method gives a frequency of 
cutting of 10.8 +0. 3 bases (not shown). This value is, however, 
less reliable than that given by the external 5'-end-labelling 
method, because it is weighted by the shorter fragments which 
occur in greater number than the long ones, whereas in the 
‘external’ method all. fragments occur in equal proportions (in 
the early stages of digestion}. Even the 140-base pair DNA 











‘than. yriginal 5' ends are labelled. However, 
in the gel, the ladder of band maxima from the 200-base pair 
DNA (Fig. 7, lane D) lines up well with that of the 140-base pair 
DNA (Fig. 7, lane E), showing that the periodicity of DNase I 
cutting is a aa of the length of DNA used. 


- Amplitude 
nner 


1400 4 


Fig. 6 Frequency spectrum of 
DNase I cutting patterns computed 
by Fourier transformation. **P- 
end-labelled 140-base pair DNA 1200 


fragment bound to: A, calcium 
phosphate; W, magnesium phos- 
phate; and @, mica. In each case s 
the mid-point at half height of the 
main peak occurs at 10.6 bases. 
107 points (53 bases) were used in 
the analysis for all three surfaces. 
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In these two patterns, each fragment is produced from two 
DNase I cuts. Thus, the distance between neighbouring DNase I 
cutting sites can be obtained simply by dividing the absolute 
length of a fragment (hitherto not required) by the fragment 
number (Fig. 7). This method gives a periodicity of DNase I 
cutting of 10.6 bases, in agreement with the results obtained 
from the external labelling experiment. 


Consistency of absolute size of fragments and 
the periodicity 

The ladder of broad bands produced from DNase I fragments 
labelled after digestion (Fig. 7, lanes De or sig lies pa halfway 
between the ladder of DNase A agr me 

5'-end-labelled 140-base pair DNA 
This tells us that, for this. a k 
the series of DNase I cutting: 
terminus (compare 2b, I). This 








s together wiih the values of 


e 
the absolute lengths of the fragr ents found in the experiment 
shown in Figs 3 and 4, provides a check on the helical periodi- 
city. For instance, the centre of site S5 is at 57.3 bases (Fig. 4), 
which would give the origin of DNase I cutting at 57.3-5 x 
10.6 = 4.3 bases, from the S’ end, in very good agreement with 
the independently measured value. 


Other measurements of the helical periodicity 
of DNA : 


It has long been recognized that crystal R tends to produce 
an integral number of base pairs per turn of a helix, permitting 
repeated regular contacts along the fibre length”*. 

Prompted, in part, by the issue raised by us’, Wang used a 
novel method to determine the helical repeat of DNA in solu- 
tion’. This makes use of the effects of oligonucleotide insertions 
on the superhelicity of closed, circular -He found a value 
of 10.4 bases per turn, which is close to the value of 10.6 bases 
we have found. Theoretical calculations by Levitt have sugges- 
ted that straight DNA free in solution is most stable with 10.6 
base pairs per helical turn rather than 16 (ref, 17). 

The DNA fibres have been re-investigated by Zimmerman 
and Pfeiffer® who concluded, from X-ray diffraction studies, that 
highly swollen fibres still had the 10 base pairs per turn of the 
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Fig. 7 Autoradiograph from a high resolution, denaturing gel 
made with 8% acrylamide and 1.35% methylene-bis-acrylamide. 
Lane A contains DNA from DNase I digests of the ~*P-end- 
labelled 140-base pair DNA preparation (external label). Lane D 
contains DNA fragments from DNase I digests of the 200-base pair 
DNA preparation, labelled after digestion (internal label). Lane E 
contains DNA fragments from DNase I digests of the 140-base pair 
DNA preparation, labelled after digestion. Broad bands in lane A 
corresponding to DNase I sites are labelled S3 and $12, while F4 to 
F6 indicate the DNase I fragments in lanes D and E. In all three 
experiments the DNA was bound to calcium phosphate. 


helix. In our laboratory, J. T. Finch and L. C. Lutter (unpub- 
lished) have carried out X-ray studies on partially oriented gels 
of short stiff pieces of DNA, 150-300 base pairs long, in which 
the interparticle centre-to-centre distance was about 30 A, but 
still found a helical repeat of 10 base pairs . Clearly these results 
disagree with our finding of 10.6 base pairs per turn of the DNA 
helix in solution. We can only conclude that in these gels or fibres 
of DNA, the molecules still interact, however weakly, through 
several layers of water and influence each other to produce an 
integral screw. It is relevant that structuring of water on the 
surface of clays appears to decay with a distance of about 10 A 
(ref. 18). 

Other measurements of the helical repeat are less reliable. 
Circular dichroism measurements and small angle X-ray scat- 
tering of DNA in solution have been used but the results are 
questionable because of the complexity of the data'’?®. 
Griffith’, from an electron microscope study, has reported a 
pitch of 10.5 base pairs, but in view of the systematic study by 
Vollenweider etal.” on the effects of dehydration during sample 
preparation, it is unlikely that the measurements made by 
Griffith referred to DNA in the B form. 

Finally, it is known that the helical periodicity of DNA in 
solution is influenced, to some extent, by cation type and 
concentration, and temperature’’**, but the effects on our 


results would amount to changes of not more than 0.1 base pair. 
In our experiments the cations and the ionic strength have been 
somewhat different, for the DNA bound to the three different 
inorganic surfaces, but nevertheless the same helical repeat was 
obtained. 


Relationship to the DNA in nucleosome 
cores 


The knowledge of the helical periodicity of DNA in solution is 
not only of intrinsic interest, but has important implications for 
the supercoiling of DNA in chromatin. To resolve the linkage 
number paradox, referred to in the introduction, we* suggested 
that the helical periodicity of DNA changes from 10.4-10.7 base 
pairs in solution to about 10 in the nucleosome. The value of 
10.6 base pairs we have found for the helical periodicity of DNA 
in solution agrees with this prediction. However, the prediction 
was dependent on taking the value of 10 base pairs per turn for 
DNA wrapped on the nucleosome core, the value then given by 
Noll** from his DNase I digestion studies. 

Ironically however, more accurate measurements show that 
the average distance between DNase I cutting sites on the DNA 
in nuclei“ and on the nucleosome’ is about 10.4 bases, rather 
than 10. Nevertheless, as pointed out in ref.26, the periodicity of 
DNase I cutting, although closely related to the structural 
periodicity, need not be the same. This is because of the 
geometry of the nucleosome structure, where all the cutting sites 
on the DNA do not offer the same environment to the enzyme. 
In fact, it was concluded by Prunell et al.™® that DNase I 
fragments from nucleosome DNA, that are multimers of 10.4 
bases, could have been produced from a helical repeat of 10 base 
pairs. This question will be further discussed elsewhere (L. C. 
Lutter and A. K., in preparation). 

In contrast to the case of DNA on the nucleosome, the 
geometry of our experiment, with the DNA lying on a flat 
surface, is simple. The accessibility of each turn of the double 
helix to the enzyme should remain constant along the length of 
the DNA fragment. This is confirmed by the result that the 
probability of cutting at successive sites is essentially the same 
(Fig. 5), quite unlike the results for DNA on the nucleosome’. 
We therefore conclude that the distance between DNase I 
cutting sites, on DNA immobilized on a surface, directly reflects 
the helical periodicity. Moreover, because we have found the 
same value of 10.6+0.1 bases for three different surfaces with 
different atomic geometry, we identify this value with the 
number of base pairs per turn of the DNA double helix in 
solution. 

We thank Drs P. J. G. Butler and R. A. Crowther for helpful 
discussions, and Dr. Crowther for writing the Fourier trans- 
formation program. 
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An observation of the source 1919 +479 with the Westerbork 
Synthesis Radio’ ‘elescope (WSRT) at A = 21 cm has shown it to 
have a remarkable morphology, probably that of a very unusual 
and very large wide angle tail radio galaxy. It is situated in a 
cluster of galaxies at an estimated redshift of ~0.1. Although 
distortions of the morphology of radio sources caused by a 
cluster environment. are well known, for example in producing 
normal head—tail and wide angle tail sources, the observed 
structure of 1919+ 479 is shown here to differ in several respects 
from previously known cluster sources. 

1919 +479 was included in a study” of 4C sources situated in 
the direction of Zwicky clusters of galaxies, in which obser- 
vations at 2,695 MHz with the NRAO 300-ft telescope and the 
three-element interferometer (operated as a synthesis instru- 
ment) were presented. The former showed that the overall size 
was about 8 arc min, the latter showed a component coincident 
with the associated optical galaxy, and two other hot-spots. The 
Zwicky cluster in this case was Zw1916.8 +4855 (which is of 
exceptionally large angular extent, nearly 20°, ref. 3). However, 
inspection of the optical field has shown that the galaxy 
identified with 1919+479 is almost certainly situated in a 
background cluster (see below). 

The present observation was made in July 1979, at which time 
the WSRT consisted of 13 available telescopes along a 1.3 km 
east-west line. Details of the telescope and standard data 
reduction procedures are given elsewhere*. One 12h obser- 
vation was sufficient to obtain data on baselines from 36 m to 
1,296 m with an increment of 36 m. This resulted in a grating 
ring radius of 20 x 27 arc min (a@ x 8) and, with the usual tapered 
illumination of the aperture, a synthesized beam of 26 x 35 arcs. 
After Fourier transformation of the data, the CLEAN 
algorithm’ was applied, and the resulting total intensity map is 
shown in Fig. 1. The noise level in this map is 0.48 mJy per beam 
area. The map has been corrected for the attenuation due to the 
primary beam of the individual telescopes; however, this is only 
7% at most for the emission from 1919+ 479, 

The galaxy previously proposed’ as the optical identification 
is marked in Fig. 1. The radio structure is clearly very unusual. 
The diffuse region labelled F exhibits an approximately constant 
opening angle of ~47°, but is abruptly cut off at its far end in a 
straight line perpendicular to the ridge line. Connecting this 
component to the galaxy at C is a jet or tail which has two sharp 
bends. Between C and D the jet is unresolved, but in region E it 
has a half-power width of ~20 arc s. The western lobe of the 
source includes the bright component B and a ‘tail’ A. Although 
in gross morphology the lobe BA resembles an independent 
head-tail galaxy, and has no detectable emission connecting it 
with the eastern complex, it is almost certainly part of the same 
source. This is because inspection of the Palomar Sky Survey 
reveals no galaxy of mp = 18 in the region of hot-spot B or its 
northern extension. Identification with a galaxy fainter than this 
limit would imply an unrealistically large size (24 Mpc) for the 
lobe. Moreover, the map of polarized intensity (prepared from 
the present WSRT observation) shows that the emission from 
region B is ~12% polarized, in contrast to the low degrees of 
polarization normally found near the parent object (for exam- 
ple, ~1% for component C). The ‘head’ B is also clearly 
extended both along the head-tail axis and perpendicular to it 
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(the latter at region B1), unlike normal head-tail sources. 
Finally, the integrated flux densities of the two lobes are similar 
(see below). If this interpretation is correct, 1919+ 479 isa very 
unusual wide angle tail galaxy. 

Of the three components shown in the NRAO interferometer 
map’, two are confirmed by the present ebservation {B and C}, 
while the third, located to the south-west of the weak source 
south of the apex of component F, is not confirmed. 

No measured redshift is available for the galaxy identified 
with 1919+479. However, if the galaxy is assumed to have an 
absolute magnitude of M,=—21.7 (AY, =75 kms Mpe, 
typical of the galaxies associated with.wide angle tailed radio 
sources in clusters’, then its apparent magnitude (on the PSS red 
plate) of ~14 mag implies a redshift of ~0.1. Using this esti- 
mate, the projected extent of both lobes is 700 kpc. This places 
1919+479 among the largest known cluster sources. The 
integrated flux densities are $s =0.47+£0.03 Jy and 0.614 
0.03 Jy for the eastern and western lobes respectively, giving a 
total luminosity at 1.4 GHz of 1.6x 10° W Hz”! sr`', typical of 
tailed or complex sources. Integration of the contour diagram 
from the NRAO 300-ft observation” shows that S260 = 
0.57 +0.03 Jy, giving a spectral index ayy = 1.040.1 (809°), 
The equipartition magnetic field’ in component F is ~1.7 uG 
and the minimum energy density in relativistic particles and 
magnetic field is ~2x10°"ergem™ (taking the emitting 
volume as a cone). If this component is confined by thermal 
pressure of a hot intracluster medium (ICM), then 
nT 2280 cm? K, where n is the number density of protons in 
the ICM, and T is its temperature. In the diffuse component A 
the equipartition field is ~2.2 pG and the minimum value of aT 
required to confine the component laterally is ~660 cm” K. 
These values are typical of large diffuse radio source lobes 
(irrespective of whether or not the source is located in a cluster 
of galaxies)’. 

On the Palomar Sky Survey red place the galaxy identified 
with 1919+479 is seen to be surroundec by a group or cluster of 
galaxies: there are five galaxies within 1 arc min and about 10 
within 3 arc min. They are 2-3 magnitudes fainter than the radio 
source identification, consistent with their being typical cluster 
galaxies at a redshift of ~0.1, while the identified galaxy is the 
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Fig. 1 Total intensity distribution of 1919+479 at 1412 MHz. 

The contour levels (logarithmically spaced) are 0.9, 1.5, 2.5, 4.2, 
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identify components of the source discussed*in the text: +, the 

position of the associated galaxy. The inset ellipse represents the 
haif-power beam. 
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dominant member of the cluster. The total extent of the cluster is 
difficult to determine because of the low galactic latitude Clo, 
that is well below the latitude for completeness of the Abel! 
catalogue’') and because of possible confusion with fainter 
members of the overlying very extended Zwicky cluster. 
However, there are ~55 possible members within a radius of 15 
arc min (the Abell radius for a cluster of redshift ~0.1). The 
cluster could, therefore, be as rich as Abell’s'! richness class 0 or 
perhaps 1, but further optical observations will be required to 
examine the cluster membership of the various galaxies. Radial 
velocity information from measured redshifts of the galaxies is 
also needed for more detailed modelling of the interaction of the 
radio source with the surrounding medium. The two small 
diameter radio sources to the north and south of component F 
have no optical identifications on the PSS, 

In comparison with other complex extended sources, 1919 + 
479 has a large size (unless the adopted redshift is a serious 
overestimate). With lobe sizes of ~700 kpc and an overall extent 
of ~1.2 Mpc, this source would considerably exceed the size of 
previously known large cluster sources such as [C711 (550 kpc, 
ref. 12), 1709+397 (460 kpc, ref. 13) or even the regions of 
diffuse emission in Abell 2256 (~650 kpc, ref. 8) or the Coma 
cluster (~450 kpe, ref. 14). Only the giant radiogalaxies such as 
3C236 (~4 Mpc, ref. 15) and 3C326 (1.7 Mpc, ref. 9), which are 
not situated in clusters, significantly exceed the estimated size of 
1919 +479. The gap in the emission between the galaxy at C and 
the nearest part of component B/B1 is also large, although not 
exceptionally so. Its length is ~140 kpc, much larger than the 
gaps of 3-10 kpc commonly found near the heads of head-—tail 
galaxies'”’’, and greater than that in wide angle tail sources such 
as 3C465 (25 kpe, ref. 18) but of the same order as the gap 
between the nuclear source and the western component of 
1200+519 (~90 kpc, ref. 13) if the wide angle tail inter- 
pretation of the latter source is adopted. A further similarity 
between these two sources is the existence of a continuous tail or 
jet of emission extending from the galaxy to the second lobe. 
The physical processes responsible for the morphology of these 
two sources may therefore be similar, although it should be 
noted that the overall size of 1200+ 519 is only 220 kpc, and 
neither of its lobes is individually exceptional. 

To return to the morphology of 1919+ 479, there are several 
interesting relations between the two lobes. First, a line passing 
through hot-spot D and the galaxy also passes perpendicularly 
through a noticeable protrusion B1 in the western lobe. (This 
feature is well above the noise level and is seen very distinctly in 
a map made with no tapering of the observations in the aperture 
plane.) This line is likely to be the axis of recent activity. 
Moreover, an extension of the ridge line in the triangular 
component F passes through the peak of the hot-spot B and is 
parallel to the line DCBI. This would be consistent with simul- 
taneous ejection of the material which has given rise to the 
prominent components F and B, and with projected motion of 
the galaxy in an approximately northward direction being 
responsible for the overall wide angle tail morphology. The 
clearest problem which this source poses to interpretation within 
present models is the formation of the uniformly diverging 
region F, with its termination along a straight line. Projection 
effects may play a part in the appearance of this component, but 
for them to be a major influence the long axis of the component 
must lie almost along the line of sight, which would imply an 
extremely large physical size. An unusual three-dimensional 
structure seems unavoidable. Another interesting feature is the 
one-sided jet CDE. The presence of a surrounding medium 
(presumably an intracluster medium) would seem to be essential 
to explain the observed morphology, but making detailed 
models of this source will be possible only after observations at 
other frequencies become available, enabling the spectral index 
and polarization properties to be examiried in detail, and after a 
reliable redshift is found from optical observations. 

The Westerbork Synthesis Radio Telescope is operated by the 
Netherlands Foundation for Radio Astronomy with the 
financial support of the Netherlands Organization for the 
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IUE observations of the atmospheric 
eclipsing binary system ¢ Aurigae 


Robert D. Chapman 


Laboratory for Astronomy and Solar Physics, NASA-Goddard Space 
Flight Center, Greenbelt, Maryland 20771 


¢ Aurigae is an eclipsing binary star system with a property 
Shared by only a few other systems. It consists of two stars in 
orbit around one another: a cool supergiant star (spectral type 
K2 11) and a hot main sequence (spectral type B8 v) star. The 
supergiant star is nearly 200 times larger than the Sun, while 
the main sequence star is only about seven times larger than the 
Sun. The Earth lies in the orbital plane of the two stars, and 
thus they periodically eclipse one another. When the relatively 
small B star goes into eclipse behind the cool supergiant star, its 
light passes through extended outer gaseous layers—the outer 
atmosphere—of the cool star. Thus the B star is an 
astrophysical light source which serves as a probe of the 
atmosphere of the K star. The eclipses, which occur every 972 
days, have been well studied at visible wavelengths'*. We report 
here IUE observations of the ¢ Aur stellar system carried out 
between September 1979 and January 1980. A preliminary look 
at the data shows the advantage of UV observations of the 
system. There is strong evidence for cool, outflowing material 
near the primary star and hotter material farther from the 
primary perhaps in a shockwave. The onset of the atmospheric 
phase of the eclipse of the system—difficult to predict because 
of the irregularities of the supergiant atmosphere—began 
between 15 September and 1 November 1979. 

As the B star goes into eclipse behind the K star, one wishes 
to study spectral lines produced by absorption of the B-star 
photospheric light by the K-star atmosphere. At roughly 
4300 Å the two stars are equally bright, and thus at this and 
longer wavelengths the photospheric light of the K star makes 
interpretation difficult. However, at UV wavelengths the K star 
is much fainter than the B star, and interpretation of the 
observations is greatly simplified. In the IUE case, with 
spectra in the wavelength range 1,200-3,200 A, the K-star 
continuum is negligible, and we can observe spectral lines 
produced by the extended K-star atmosphere with no 
contamination from the A-star photospheric spectrum, 
throughout the entire wavelength range. 








Nature Vol. 286 7 August 1980 


TAU 





To observer 
Fig. 1 Schematic diagram of the ¢ Aur system. 


Spectra have been obtained when the B star was as the 
positions numbered in Fig. 1. The 
observations are: (1) 15 September; (2) 1 November; (3) 13 
November; (4) 15 November: 18 November: (6) 22 November 
and (7) 16 December. 

The spectrum obtained on 15 September, a pure absorption 
spectrum, looks. very similar to the spectrum of the B7+ B8 
star 64 Orionis, supplied by D. S. Leckrone (see Fig. 2). The 
major differences between the { Aur spectrum and the 64 Ori 
spectrum is the presence of very stron multi-component 
absorption lines of Si u (1,260A, 1,264A), Si iv (1,394 A, 
1.403 A), C rv (1,548A and 1,551 A), and the presence of Mg 1 
resonance doublet (QQ,795A and 2.802 A) with strong P Cygni 
profiles. coy 

The profile of the Mg u doublet Fig. 3 shows the classical P 
Cygni shape, indicative of an expanding shell. The absorption 
component of each line appears to show a reversed profile, 
characteristic of the strongest solar lines such as the Ca u, H 
and K lines. However, the appearance is undoubtedly due to two 
absorption lines being present, probably because of a double 
shell. This conclusion is supported by the spectra taken during 
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the total phase of the eclipse. If the peak in the absorption Hne 
were chromospheric emission from the A star—as one finds in | 
the case of the reversed Ca t-line profiles-~then that central 
emission should remain visible during total eclipse even after 
the continuum and the absorption lines have vanished. In fact. 
the central emission is not present and, therefore, it must have 
been continuum showing between two partially resolved 
absorption lines. | 

The spectra obtained between | and 18 November show a 
large number of absorption lines not. present in the 15 
September spectrum. The absorption lines increase in number 
and strength during the time period (Fig 4). The | November 
spectrum has been studied in some detail, and a large fraction 
of the absorption lines have been identified. lome spectra 
which have changed from 15 September to | November. 
showing that they arise from an extended atmosphere or dense 
wind region surrounding the K star include Al n. Al u, Cru, 
Mn n, Fe n, Ni u and Ca n. This wavelength region includes 
the resonance lines of many of these ionas. The majority of the 
lines correspond to lines observed in the UV solar emission 
line spectrum from Skylab?*. The C 1v, Si tv and Mg u lines 
observed in the 15 September spectrum are also visible in the 
{ November spectrum but are very little changed m 
appearance. We conclude that the high ionization potential 
lines are formed far from the K star, whereas the group of low- 
ionization-potential lines which. show significant changes are 
formed in cool plasma nearer to the K star: probably a cool 
wind. These cool wind lines seem to. be shifted longward 
relative to the centre of mass of the binary system. Thus, the 
outflow must be dynamically influenced by the B star 

The high ionizations potential lines are 
lines (Fig. 5). Each of the C Iv lines cons 
near the rest wavelength, and a longward $ 
one looks at the entire sequence of C tv H row lines 
clearly remain unchanged, whereas the broad lines increase im 
strength into the eclipse. I believe that the narrow, constant 
line is probably interstellar, while the bros ie is formed 
near the B star, perhaps in a shockwave produced by the B 
star moving supersonically through the K-star wind. Highly 
turbulent motion in the shockwave can account for the 
breadth of the absorption line. 

On 22 November the B-star continuum had disappeared, 
and an emission line spectrum was present. The emission lines, 
which include C m, Si u, Si m, Si tv, $ u, Mn tt, Fe fn, Ni n 
correspond closely to the absorption Ines observed in earlier 
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Fig. 2 Comparison between spectra of Z Aur and the single B8 v star 64 Ort. 


wc ew ce tse a A Nh a ig a at a aa te 


restate eater me - 
fart ihre PRCA ANAL A muEyRnAn.rms rev erat bes ANA  AA A AA AA AAA AAE te 





582 





Mgit(3 3s—3 p°) 


ep 

25,.000- 
w 
E 20,000- 
a 13 November 
= 15,9000- 
> 
ž 10,600- 
& | November 
= 

5,000~ 

O- 4 ‘.. l 13 September 
2,792 2,796 2,800 2,804 


Wavelength {Å} 


Fig. 3 The Mg u resonance doublet lines show strong P Cygni 

profiles. The appearances of the lines change very little with time. 

as can be seen from these three samples. The amplitude increase 

on 13 November is an exposure effect. On 22 November. the 

continuum level was too faint to record, and only the emission 
remained. 
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Fig. 4 Three exposures showing the region of the Fe n 

resonance lines. Between | and 22 November 1979, the 

absorption lines continue to increase in width. Muluplet number 
is indicated on figure. 
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spectra. We have searched for intercombination lines that have 
been observed in many stellar shell spectra, particularly in the 
low ionization stages of oxygen. None were found. The density 
of the material is therefore quite high, probably in excess of 
io om: 

We are now embarking on a more thorough study of the 
c Aur data, including additional observations during total 
eclipse and egress. Full details will be published elsewhere. 

We thank the project scientist and observatory 
administrator for the opportunity to carry out this project, 
and the resident astronomers and staff of the IUE observatory 
at the NASA-Goddard Space Flight Center for practical 
assistance, 
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IR observation of 
a persistent meteor train 


M. A. Hapgood 
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A long-lived (>32 min) persistent meteor train has been 
observed with a low light television camera which was sensitive 
only to radiation between wavelengths of 700 and 900 nm. The 
peak emission from the train was about 2 x 10°’ photons s~! m! 
and the meteor which produced the train had a magnitude 
corrected to the zenith of about —6. It is suggested here that this. 
IR emission arises from the excitation of the atmospheric band 
of molecular oxygen (b',>X°%,) by the sodium catalytic 
process, a process which Baggaley’* has previously pro- 
posed to be responsible for the visible radiation from persistent 
meteor trains. 

The persistent train was recorded between 01.30 and 
02.02 UT on 19 September 1979 from the Jungfraujoch Obser- 
vatory in the Swiss Alps (46°33'N, 7°59'E, 3,570 m). The train 
was observed with an image isocon television camera used in 
integration mode to image structure in the near IR airglow. A 
picture was produced every half second and was recorded on a 
time lapse video tape recorder. A camera tube with a photo- 
cathode having an extended red (S-25) photocathode spectral 
response was used and a Schott RG715 filter was placed over the 
front of the camera lens to eliminate visible light. Thus the 
effective spectral region of the camera was confined to a region 
between 700 and 900 nm as shown in Fig. 1 (obtained by 
combining manufacturers’ specifications). 

The meteor which produced the train appeared at 01.30.14 
(+1s) UT. The luminous trail started outside the field of view, 
entered at the upper edge (elevation 17°) and ended in the 
middle of the field (elevation 12°). The range of the meteor from 
the camera may be estimated at 300+50 km. As the meteor 
travelled 2.9° in 0.58 at the estimated range of 300 km the 
velocity v = 30 km s`*. Comparing the brightness of the meteor 
with Jupiter recorded under similar conditions gave m, of ~3 for 
the brightest part, which was at an elevation of 14°. Using the 
correction given by Lovell*, the magnitude of the meteor adjus- 
ted to the zenith was about —6. 

The train which persisted after the passage of the meteor 
originated from a part of the meteor trail at elevations between 
14.0 and 14.5°. Taking the range as 300 km it follows that the 
train lay between 15 and 20 km above the end height of the 
meteor. Assuming that the end height lay between 70 and 80 km 
suggests that the train lay at heights between 85 and 100 km. 
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During the period of observation the persistent train moved 
eastwards across the field of view. The upper and middle parts of 
the train moved very rapidly. By 02.02 UT they were 18° east of 
the original azimuth which indicates a drift velocity of 50+ 
10 ms” '. The lower part of the train became drawn out behind 
+ the main body of the train and parallel to the drift direction. The 
drift velocity of the trailing edge of the train was estimated to be 
about 20 m s~*. Thus there was considerable wind shear at the 
lower end of the train. This shear and the comparatively high 
velocity above it suggest that the train lay well above the 
mesopause and confirm the range of heights deduced from 
elevation measurements. 

The brightness of the train was estimated by comparison with 
field stars of spectral class A. At the beginning, the brightest part 
of the train was comparable to a star of magnitude +5 but by the 
end of the period of observation it was barely visible above the 
limiting magnitude +7. To convert stellar magnitudes into pho- 
ton emission rates we assume that the stars radiate as black 
bodies. Thus in our spectral passband a fifth magnitude star of 
class Ay gives a photon flux at the camera of 2 x 10° m~? s™*. As 
we used a fairly narrow spectral passband, we oes the 
differences between the spectra of the stars and the train and 
take the photon flux from the train to be 2x 10° m~*s"' at the 
camera. This flux came from a portion of the persistent train 
which corresponded to a single resolution element in the picture 
(about 0.2° of angular extent, equivalent to 1 km at the esti- 
mated range of 300 km). By assuming that the meteor train was 
at right angles to the line of sight we obtain a line emission rate 
from the persistent train of 2x 10'’ photons s~’ m™'. This esti- 
mate will be seriously in error only if the meteor were travelling 
in a direction close to the line of sight. This seems unlikely as the 
meteor train was of significant angular extent (>6°). 

The depth of the Earth’s shadow’ in the region of the train at 
the time of observation was about 1,000 km so the light was 
generated in the train rather than being scattered sunlight. The 
light from such self luminous trains is thought to be generated by 
a cyclic chemical process first suggested by Chapman®”: 


0;,;+M-+-MO+0, (1) 
O+MO->M+0O, (2) 


Metal atoms (M) released by the meteoroid catalyse the con- 
version of atomic oxygen and ozone to diatomic oxygen. If the 
reactions are sufficiently exothermic the products may be in 
excited states and emit photons as they decay to their ground 
states. The process may continue almost indefinitely as the metal 


(5,4) 


TV camera sensitivity (arbitrary units) 





700 S00 900 
Wavelength (nm) 


Fig. 1 The effective spectral response of the television camera 
and the positions of the vibrational bands of the atmospheric 
system of O.. 


atoms are recycled and the energy is extracted from the atmos- 
phere. Baggaley has studied the case of sodium ™ for which both 
reactions have high rates”: a significant proportion of the sodium 
atoms produced by reaction (2) are in the excited P state which 
decays by D line emission. Baggaley” estimated the production 
rate for the ’P state from data on the sodium nightglow and 
found that to produce a clearly visible persistent train (one 
emitting >5x10' photons s °` m~‘) a meteor of m,>—2 is 
required. Because almost all persistent trains (>96%) are 
produced by meteors brighter than m, ~ ~2 Baggaley concludes 
that the visible light emission from persistent trains can be 
explained solely by this process-the sodium catalytic process. 

The present radiation detected from the persistent train 
cannot be sodium light. We therefore consider whether the 
oxygen molecules in reactions (1) and (2) may be produced in 
excited states. The b'5, state of molecular oxygen, in the 
absence of quenching, decays to the ground state emitting 
radiation in a band between 700 and 900 am, as shown in Fig. 1. 
(The (1,0) and (0,0) bands are not shown.as these connect with 
the vibrational ground state of O; and se are lost to a ground- 
based observer by absorption in the atmosphere.) The transition 
is foribdden for electric dipole radiation and so it has a long 
radiative lieftime of 12s (ref. 9}. The quenching of O, (b'%,) 
proceeds mainly by collision with N, and has a rate constant” 
K =2x10°7' m’s"'. This leads to significant quenching’ only 
at heights below 85-90 km. It follows that the molecular oxygen 
emissions will not be quenched at the heights of the train 
reported here. | 

The production of O, (b'S,) is permitted in reactions involv- 
ing many elements but because of the high reaction rates, the 
most favourable case is sodium. If we study reaction (2) for 
sodium, we find that, with an energy’ for the reaction of 2.5 + 
0.2 eV, there are four variations of the basic reaction which are 
energetically and spin allowed: 





energy 
required 

NaO (X*ar)+O CP) Na (7S8)+O,(X°Z) OeV (3a) 

Na (*S)+O2({a'A) 0.98 eV (3b) 

Na (*S)+0,(b'E) 1.63 eV (3c) 

Na (?P)+0(X*E) 2.09eV (3d) 


For reactions (3b) and (3c) the energy required is that needed to 
excite the lowest vibrational level (v = 0) in the upper electronic 
state. The total energy available from the reaction is much more 
than this so the higher vibrational levels may be excited (up to 
v = 5 for the b', state), Reaction (3d) produces the sodium D 
line emission discussed by Baggaley and reaction (3c) produces 
molecular oxygen emission in the near IR. If the reaction were to 
take branch (3c) as often as (3d) we may expect a photon 
emission rate from molecular oxygen comparable to the photon 
emission rate from sodium. This gives an emission rate’ of 
5x10'* photons s''m™ for a m~ ~2 meteor which 
extrapolates to 2 x 10°” photonss™* m™' for a meteor of m, ~—6, 
This is in good agreement with the emission rate from the train 
reported here. Thus the near IR emission from the persistent 
train may be explained in terms of the sodium catalytic process. 

I thank M. J. Taylor for help wth the observations and Miss P. 
Rothwell for valuable discussions. The use of the Hochalpine 
Forschungsstation Jungfraujoch during September 1979 is 
gratefully acknowledged. 
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Recent reports have demonstrated the possibility of using pho- 
toactive, biological membrane components in photoelectro- 
chemical cells’. Such systems have produced small photovol- 
tages and photocurrents. The present studies in our laboratories 
have led to the attachment of a much simpler biological 
complex, the bacterial photosynthetic reaction centre isolated 
from Rhodopseudomonas sphaeroides, directly onto an SnO, 
electrode. The light-induced, primary-charge-separation pro- 
cesses which occur across the reaction-centre macromolecule 
have been coupled to the electrode, and in a two-electrode 
configuration photovoltages of 70 mV and photocurrents of 
0.3 pA cm’? have been observed in an external circuit. The 
phenomena are not due to Dember effects, and ‘reactor-centre 
electrodes’ may serve as a model system for future photovoltaic 
devices. 

Photoelectrochemical cells have used chloroplast 
membranes’, chloroplasts’*, photosystem-I particles’, purple- 
membrane fragments containing bacteriorhodopsin®’, and 
bacterial reaction centres’. In most cases, the biological 
component was incorporated into liposomes or bilayer lipid 
membranes, and in some cases the stability was enhanced by 
using polymers or lipid-impregnated filters. Because the 
interiors of liposomes are inaccessible to contemporary elec- 
trodes, definitive electrochemical studies are very difficult. Lipid 
bilayers often trap solvents and have small working surfaces. 
Furthermore, the geometry necessitated by lipid bilayer systems 
(two half-cells separated by the bilayer) would be quite 
cumbersome in a solar energy conversion device. In contrast, 
chloroplast membranes” have been deposited directly onto the 
surface of an electrode, thus forming a simpler photoelec- 
trochemical cell. 

Bacterial reaction-centre complexes are the simplest biologi- 
cal units that carry out the primary photochemistry of pho- 
tosynthesis. They have been isolated from photosynthetic 
bacterial membranes and are relatively stable at high concen- 
tration in room temperature and light conditions. A reaction 
centre’ is an 80,000-100,000 molecular weight complex 
containing three protein subunits and six chlorophyllous 
chromophores, and it carries out a multistep charge separation 
process with a quantum efficiency of one. In the case of Rhodo- 
pseudomonas sphaeroides reaction centres, 15.2% of the 
incident solar energy (air mass 1.2) is available as the chemical 
potential of charge separation at the level at which the 
bacteriochlorophyll dimer donor (BChl,) is oxidized and the 
iron/quinone acceptor (X) is reduced’. This estimate assumes 
that the sample is of sufficient optical density to absorb all 
incident light between 380 and 865nm. Several investiga- 
tors'''* have suggested that reaction centres might be deposited 
onto electrodes as model systems for future solar energy con- 
version devices. The first successful direct electrical coupling of 
an isolated photosynthetic reaction centre to an electrode is 
described here. 

Using the method of Dutton ef al.'* we isolated reaction- 
centre complexes from the purple, non-sulphur photosynthetic 
bacterium Rhodopseudomonas sphaeroides R-26 (a mutant 
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Fig. 1 The open-circuit photovoltage produced by a reaction- 
centre-coated, SnO, electrode exposed to red light 
(~40 mW cm ^) in an electrochemical cell. a, Freshly-coated 

` electrode. The electrode acts as a photocathode since the midpoint 
potential of the X acceptor in the reaction centre is more oxidizing 
than the flat-band potential of SnO . The kinetics of the photovol- ` 
tage can vary with the sample. 6, Autoclaved electrode. Upward 
and downward arrows indicate light on and light off, respectively. 
The photovoltage produced by an uncoated, SnO, electrode in 

these conditions was <1 mV. 


strain of ATH 2.4.1 lacking highly unsaturated carotenoids). 
The complexes were suspended in 10mM Tris-HCl buffer 
(pH = 8.0) at a concentration of 266 uM. Reaction centres were 
transferred to working electrode surfaces by dipping the elec- 
trodes into the concentrated, reaction-centre suspension. 
Excess liquid was removed from the lower part of the electrodes 
and the electrodes were dried in the dark. Platinum electrodes 
were platinized using standard methods, and SnO,.-coated glass 
was from Corning Glass Works. The experimental cell consisted 
of a working electrode and either a platinized platinum or SnO, 
counter electrode. The electrolyte was 0.1 M Na,SO, and 
0.05 M hydroquinone in water or Tricine buffer (pH = 7.1). The 
light source was a tungsten lamp (Unitron Instruments), and the 
light passed through both a Corning CS2-62 red filter, which 
cuts off light below 600 nm, and a 7-cm water filter. Photovol- 
tages and photocurrents were measured in the external circuit 
with a Keithley Instrument Model 177 multimeter, using various 
load resistors connected in parallel or series with the meter. 
Absorbance spectra were obtained with a Cary 219 spec- 
trophotometer. Action spectra were measured at very low light 
intensity using a tungsten light source focused through a 0.25-m 
Bausch and Lomb monochromator (6-nm bandwidth). The 
reciprocal of the quantum flux necessary to elicit a 10- V 
response across a 10-kQ resistor was plotted as a function of the 
wavelength. 

Platinized platinum was the first working electrode material 
we investigated. Table la presents the photovoltages and 
photocurrents obtained when reaction-centre complexes were 
dried as a thin film on this surface. Small open-circuit photovol- 
tages and short-circuit photocurrents were observed routinely, 
and the photoeffects lasted for at least several days. If these 
phenomena were due to the light-induced charge separation 
associated with the primary processes of photosynthesis, elec- 
trodes coated with inactive reaction centres would not be 
expected to produce photo-induced voltages and currents. 
Autoclaved reaction-centre-coated platinum electrodes (Table 
1b) exhibit photoeffects of the same order as unautoclaved 





Table 1 Photoeffects in reaction-centre-coated, platinized 
platinum electrodes 





Open-circuit Short-circuit 


Working photovoltage photocurrent 
electrode condition (mV) (iA) 
a. Freshly coated electrode cae | 1.07 
b. Autoclaved electrode 3.65 0.32 
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2 
The total irradiated area of the electrode was about 0.25 cm” in each 
case. 
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electrodes, indicating that biologically active electron transfer is 
not involved. Dember effects’ could account for the phenomena 
shown in Table 1. 

The absence of any coupling of the primary charge separation 
to the electrode could be due to rapid back reactions from the 
electrode to the oxidized reaction centres or to quenching of 
excitation by energy transfer from excited reaction centres to the 
metal'*. If this is the case, the use of semiconductor electrode 
materials might overcome the problem. Consequently, we made 
reaction-centre electrodes using SnO,.-coated glass. Figure la 
shows that a reaction-centre-coated SnO, electrode can typic- 
ally generate an open-circuit photovoltage of 37 mV. The 
maximum value observed thus far is 70mV. A maximum 
photovoltage of about 495 mV is possible (the difference 
between the midpoint redox potential of the BChl, primary 
donor, +450 mV, and that of the X acceptor, ~45 mV, because 
BChl, and X are located on opposite sides of the reaction-centre 
molecule). Mismatching of the energy levels of the reaction- 
centre molecules with the energy levels of the SnO:, charge 
recombination within the reaction-centre film, and a lack of 
reaction-centre orientation could account for the small pho- 
tovoltages. Typical short-circuit photocurrents observed are 
~0.3 pAcm™*, The residual photovoltage after autoclaving 
indicated in Fig. 1b is probably due to a Dember effect. 

If electrons pumped across the reaction centre during the 
primary photoact of photosynthesis do equilibrate with the 
electrode, the action spectrum of the photocurrent measured in 
the external circuit should correspond to the absorbance spec- 
trum of the reaction centres. Figure 2 compares the solution 
absorbance spectrum, the absorbance spectrum of a thin reac- 
tion-centre film, and the action spectrum of the photocurrent. 
The absorbance spectrum of the film is distorted with respect to 
the solution spectrum due to the effects of light scattering. The 
action spectrum, however, follows the solution spectrum closely. 
The peaks in the spectra at around 800 and 860 nm are due to 
bacteriochlorophyll absorption, while the peak at 760 nm is 
due to bacteriopheophytin absorption. The quantum yield 
(absorbed photons) for the production of electrons by 800-nm 
photons was 0.002. 

We conclude that charge separation generated across the 
reaction-centre molecule as a result of the primary photo- 
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Fig.2 A comparison of reaction-centre solution, film {six reaction 
centre film layers were used), and action spectra. Due to drift 
problems with freshly-coated, SnO, electrodes over the time 
period of the experiment, we have shown the action spectrum of an 
electrode aged for 3 days in the dark. In these conditions, the 
electrode acted as a photoanode, but the magnitude of the open- 
circuit photovoltage was the same as in Fig. 1a for a freshly-coated 
electrode. Consequently, this effect should not be confused with 
the small photoanodic effects of autoclaved electrodes (Fig. 16). 
The action spectra of freshly-coated electrodes show the same 
peaks as aged electrodes, but the relative peak heights are dis- 
torted. The action spectra of autoclaved electrodes have no peaks 
in the 700-900 nm range. 
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chemistry of photosynthesis can be electrically coupled directly 
to semiconductor electrode materials although inefficiently 
yet). Such reaction-centre electrodes can be used in a photo- 
electrochemical cell to generate photovoltages and photocur- 
rents in an external circuit. Similar resu'ts have been obtained 
using electrodes on which chlorophyll or chlorophyll analogues 
have been deposited'*”"*. These electrodes may lead to new 
methods of probing the primary photochemistry of photosyn- 
thesis and may also serve as model systens for future inorganic 
or organic photoelectrochemical devices. 

We thank J. R. Bolton and J. C. Grosskreutz for their 
encouragement and A. J. Nozik for his suggested improvements 
of this manuscript. This work was supperted in part by the US 
Department of Energy, contract EG-77-C-01-4042, 
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The ideal tool for the analysis of soil organic matter would 
enable structural group analysis to be performed on whole soil 
samples in a non-destructive manner. However, up till now, 
there have been no adequate techniques available to charac- 
terize the structure of amorphous humic compounds in the solid 
state. Moreover, it has not been pessible to dissolve all the 
organic material from the soil and obtain soluble material for 
analysis without chemical alteration during solvent extraction or 
pyrolysis. Although conventional NMR spectra of amorphous 
solids reveal no structural informacion due to large dipolar 
interactions, the use of high power cross-polarization (CP) 
techniques’ has overcome difficulties in obtaining ““C NMR 
spectra of solids to the extent that spectra can be obtained in 
much shorter times and organic functional groups partly 
resolved. We now report the first recorded °C NMR spectra of 
whole soils and show that this technique has the potential for 
structural analysis of organic matter in solig soil samples. 
Although the '°C cross-polarizatien technique has been well 
documented’, a brief description is necessary here, Its major 


advantages over conventional ‘°C NMR are a reduction of the 
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time required to obtain a usable spectrum which, in turn, is 
better resolved owing to the elimination of heteronuclear 
dipolar broadening. The increased sensitivity to '°C is achieved 
in two stages: the first by the transfer of polarization from the 
more polarized and more abundant `H spins to the °C spins. 
- The maximum possible enhancement due to this effect is given 
by the ratio of the two gyromagnetic ratios, ytu/ yc, which is 
about 4. The second, and more significant, contribution results 
from the °C spin-lattice relaxation now occurring at the spin- 
lattice relaxation rate of the proton population which, in 
general, is an order of magnitude faster than the conventional 

`C rate. Thus the frequency with which data may be accumu- 
lated is greatly increased. In the presence of the high power 
heteronuclear decoupling field, the remaining line widths of the 
order of 0.2-2 kHz are due predominantly to residual “°C 
chemical shift anisotropy (CSA)* and are not removed by the CP 
technique. However, the reduction in line widths is sufficient to 
allow partial resolution of many of the ‘°C resonances from 
different functional groups with amorphous solids. The ‘°C 
technique is used in the present study to determine the relative 
abundance of different functional groups in the organic matter in 
a range of soils. 

To obtain this information, a number of experimental condi- 
tions must be satisfied. For example, it must be established that 
all carbon types approach the same degree of polarization 
enhancement during the CP process. This requirement is 
satisfied if the proton population is assumed to relax with a 
uniform spin temperature according to a single time constant, 
Tip as a result of spin-diffusion. Although the efficacy of spin- 
diffusion is quite short range on the time scale of the relaxation 
rates encountered in the soils studied here, this assumption has 
been widely used in the interpretation of spectra obtained from 
closely related coal samples which possess similar proton relax- 
ation rates’*. A second consideration is the raj; (where rcy is the 
internuclear distance between carbon and hydrogen) depen- 
dence of the cross-polarization rate. Clearly the non-protonated 
carbons will cross-polarize at a slower rate than protonated 
carbons’*, setting a lower limit to the contact time used to 
achieve adequate cross-polarization. Finally, the delay between 
repeating the pulse sequence must be sufficiently long to allow 
for the spin-lattice relaxation of the proton population. 

Unfortunately, as the polarization enhancement to which the 
BC spin system is approaching decreases with length of contact 
at the rate of the 'H T,» over-allowance in the choice of contact 
time will lead to reduced enhancement and increased accumu- 
lation time. Also, over-allowance in the choice of pulse repeti- 
tion time will lead to increased accumulation time. Because soils 
have low carbon contents (<25%), both the contact and pulse 
repetition times must be optimised for maximum time efficiency 
as well as equal response of different carbon types to the CP 
process. 

To estimate the optimum conditions for this study, Maun- 
gatua silt loam, details of which are shown in Table 1, was 
examined using a range of contact and recycle times. Recycle 


Table 1 Properties of Maungatua humic silt loam 


New Zealand classification” Podzolized upland yellow-brown 


earth 
Horizon Ay 
WC 22.1 


Cation exchange capacity me% 39.0 
Total exchangeable bases me% 1.1 
Parent material Thick schist over comminuted schist 


Vegetation dominants Canopy: | 
Chionechloa rigida 35% 
Dracophyllum longifolium 35% 
Celmisia coriacea 15% 
Ground layer: 
hg Astelia linearis 


Celmisia gracilenta 
Cladonia aggregata 
a a a i 
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Fig.1 CP-NMR spectra of soils and coals obtained with, a Bruker 
CXP-100 spectrometer operating at 22.63 MHz for | `C and a 
Bruker z-22v °C- H], double resonance probe. 'H irradiation 
fields of 28 and 7 G for ‘°C and H respectively were used to satisfy 
the Hartmann-Hahn condition? necessary for cross- polarization. 

The number of free induction decays collected ranged from 2 x 10° 

to 2x 10°. a, Maungatua humic silt loam. b, McKerrow fine sandy 
loam A, (clay-size fraction <0.02 pm, 23% organic matter) iso- 
lated by ultrasonic dispersion of soil in water and subsequent 
separation into sand-, silt- and clay-size material. c, Te Kopuru 
sand B, horizon. d, Te Kopuru sand A horizon. e, Taupo C horizon 
clay concentrate (<0.2 pm, 6.3% organic matter). Conditions of 
isolation have been described elsewhere’. f, Taupo B horizon clay 
concentrate (<0.2 um, 13.2% organic 1 matter). Conditions of iso- 
lation have been described elsewhere’. g, Yallourn coal (woody 

brown coal). 4, Wandoan coal (sub-bituminous black coal). 


times of 0.5-2 s resulted in no apparent differences in the total 
signal or those parts of the signal pertaining to specific carbon 
types, indicating that spin-lattice relaxation is very efficient for 
all carbon types (T, < 0.1 s). The **C~'H contact time was varied 
from 0.25 to 2 ms with maximum enhancement occurring in the 
range 0.5-1 ms. No change in relative enhancement of different 
carbon types was evident for contact times greater than 0.5 ms. 
Hence, cross-polarization rates are fast and the 'H T,, is short 
(<10 ms), as has been found in coals**. Thus the spectrum of 
Maungatua soil could be semiquantitatively interpreted using a 
contact time of about 1 ms and a recycle time as short as 0.5 s. 
All other soils were examined using a single contact of 1 ms 
duration with a recycle time of 1 s except for Taupo C horizon 
clay where a recycle time of 0.5 s was used due to the low carbon 
content. 

Figure 1 shows typical spectra of soils and soil fractions, 
together with spectra of brown and black sub-bituminous coals 
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for comparison. Details of the other soils used in these experi- 
ments have been reported previously’. °C CP spectra of coals 
normally consist of a relatively sharp resonance due to alkyl 
carbons and a broader, unsymmetrical peak to lower field, due 
to aromatic carbons**. The spectrum of Wandoan coal (Fig. 14) 
is typical of this. The Yallourn xylitic brown coal spectrum 
(Fig. 1g) exhibits an additional resonance indicative of carbons 
a- to oxygen in ethers and alcohols (Q-alkyl), and is also 
obviously more aromatic. In contrast, in Maungatua soil (Fig. 
1a), the dominant carbon type is alkyl with a significant amount 
of O-alkyl carbon also present. The aromatic carbon content 
seems much lower than in either coal. Figure 1c, d show the 
spectra obtained from the B, and A horizons of the Te Kopuru 
sand. The B, horizon of Te Kopuru sand is clearly more aro- 
matic than the Maungatua soil and is also possibly slightly more 
aromatic than the A horizon of Te Kopuru sand. Similarly, more 
of the aliphatic carbon in the A horizon is bound to oxygen than 
in the B, horizon. Thus, the chemical structure of the soil organic 
matter may vary with profile depth as well as soil type. 

Humic and fulvic extracts of soils usually contain carboxylic 
acid carbon*"* but no distinct. signals were obtained downfield 
of the aromatic carbon signal. It is possible that the signal is 
hidden by the large chemical shift anisotropies of aromatic and 
carboxylic carbons’, The use of the ‘magic angle spinning’ 
technique (MAS)’*, which removes the CSA broadening, in 
conjunction with the CP process should clarify this point. The 
brown coal spectrum exhibits a shoulder on the low field side of 
the aromatic signal which is possibly due to carboxylic carbon. 

In the soils with low carbon content, we were able to obtain 
spectra by physically separating the carbon-rich clay fractions. 
As found for the Maungatua soil, the clay fraction of the A 
horizon of McKerrow fine sandy loam (Fig. 15) is highly alipha- 
tic, but it is also apparent that more of the aliphatic carbon is 
bound to oxygen. We have also obtained spectra from the 
<0.2 ym clay fractions of the B and C horizons of Taupo sandy 
soil (a vitric andosol developed on pumice) (Fig. 1e). The C 
horizon fraction contained only 6% carbon and required 2 x 10° 
scans at 0.5 s pulse repetition to obtain the spectrum. At the field 
strength used (21.1 kG) the technique is probably limited to soils 
or soil fractions of about this carbon content or greater. 

Early workers believed that humic substances were highly 
aromatic polycyclic materials'*. However, recent workers have 
proposed different structures. Schnitzer has suggested that 
humic materials are highly substituted monocyclic materials in 
which some of the substituents are polymethylene chains of fatty 
acids'*. Other workers” have suggested that humic materials 
are more aliphatic than previously thought. Grant’? has shown 
that polymethylene can comprise as much as 30% of the organic 
matter in a particular soil, while Anderson and Russell'® have 
offered evidence which suggests that polymaleic acid-like 
polymers may be important constituents of humic substances. In 
the soils we have investigated, our results indicate the variation 
in the nature of the organic matter present, from highly aliphatic 
to moderately aromatic. 

We are continuing our studies of soil organic matter by the ‘°C 
CP technique with the aim of correlating the variation in struc- 
ture with soil forming factors, in particular, vegetation. The 
combination of the ‘magic angle spinning’ technique with the CP 
process will provide more detailed and quantitative information. 

We thank R. Tyler and N. Russell for coal samples and Drs A. 
Campbell and K. Goh for some of the soil samples. Support to 
P.F.B. was provided under the National Energy Research, 
Development and Demonstration program administered by the 
Commonwealth Department of National Development. 
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Harmattan dust 
deposition in northern Nigeria 
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Studies of atmospheric dust deposits originating from Africa, 
within Atlantic Ocean sediments, have provided useful 
indirect information on Quaternary eavironments, but dust 
studies in Africa are rare. Here Harmattan dust deposition 
measurements at Kano, northern Nigeria during the 1978-79 
season are reported. A relation betweea dust deposition, visi- 
bility, solar radiation and wind speed is defined, which 
deteriorates during the latter half of the Harmattan season. A 
probable explanation of this deterioration is the local re- 
mobilization of existing dust. 

The dust is thought to originate from the Faya Largeau area in 
the Chad Basin? (Fig. 1). From there the dust plume travels 
WSW at an altitude*® of 600-900 m red.cing visibility, relative 
humidity, solar radiation and temperatwres along its path. The 
Harmattan season extends from Octobe: to April though it may 
vary considerably from year to year. 

The dust collection technique was designed to measure the 
amount of Harmattan dust falling cnto the ground from 
suspension in the atmosphere, A dust trap was set up 9 m above 
ground level on the roof of a building o3 the campus of Bayero 
University, Kano, isolated from local scil dust movements. The 
trap was a basin of distilled water 20 cm deep exposing a water 
surface of 0.27 m” for collecting dust. Water level was main- 
tained daily 10 cm below the top. To prevent bird contamination 
of the dust trap a second basin was kept full for birds to use. The 
dust laden water was evaporated in laboratory ovens weekly and 
the residue weighed. Collections were made during three 
Harmattan seasons, 1976-79, 

Casual observations during the Harmattan season suggest a 
close association between visibility and dust deposition but the 
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Fig. 1 The Harmattan wind in West Africa. 
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monitored rates indicate a more complex relationship. During 
the first part of the season periods of low visibility are associated 
with high dust deposition. As the season progresses measured 
deposition was far greater than observed visibility would 
suggest. Data on visibility, solar radiation (Gunn Bellani) and 
wind speed obtained from Kano International Airport were 
averaged over each of the 28 weekly dust measurement periods 
of the 1978-79 season. Relationships with deposition are shown 
in Fig. 2. 

The data consistently fell into two time periods, here termed 
A (12 October-12 January) and B (13 January—27 April). 
During A a close relation emerges between visibility and 
deposition and between solar radiation and deposition (r= 
~0.84 and —0.79 respectively, Fig. 2a, b). During B these 
relations deteriorate to statistical insignificance. The relation of 
wind speed to deposition remains at a lower but stable level 
throughout the season (r = 0.48 and 0.50, Fig. 2c). 

A probable explanation of these differences is local re- 
mobilization and secondary deposition of the dust during B, 
increasing the measured deposition and upsetting the expected 
relationships with visibility and solar radiation. As the re- 
mobilized dust is not derived from high altitudes the expected 
relations with visibility and solar radiation are disrupted, 
whereas during A primary deposition is dominant. 

Wind speed data support this view. During A, increases in 
Harmattan wind speed are accompanied by greater dust 
deposition. During B the amount of dust deposited is higher 
than wind speed might suggest (Fig 2c) as wind is remobilizing 
and redepositing dust. 

The start of the Harmattan season coincides with the end of 
the wet season so that during A tall grasses abound and relative 
humidity levels are high thus minimizing dust remobilization. As 
the grasses die off,*relative humidity decreases and the total 
amount of deposited dust increases, conditions become 
conducive to remobilization and secondary deposition. This 
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Fig. 2 a, The relation of visibility to Harmattan dust 
deposition—weekly mass of dust settling over 0.27 m of distilled 
water (see text); h, the relation of solar radiation to Harmattan dust 
deposition; c, the relation of wind speed to Harmattan dust | 
deposition. A, Time period A (October~January); ©, time period B 
(January-April). r is the correlation coefficient and p is the 
significance level found in a test of the hypothesis r= 0 against 
r#Q. 


process might be accentuated by grass burning during the latter 
part of the dry season adding coarser particles to the measured 
deposition. These particles may have relatively little influence 
on visibility. 

Therefore, measured dust deposition rates during B (after mid 
January) overestimate the Harmattan dust influx. The visibility— 
deposition regression line (Fig. 2a) is taken to indicate primary 
Harmattan dust deposition. Visibility data for each week during 
B are used to predict the expected deposition for each week. The 
difference between expected and measured deposition I assume 
to be secondary deposition. 

When the corrected data are derived, total Harmattan dust 
deposition at Kano during 1978-79 is 99.1 g m`”. This figure 
represents a reduction in total measured deposition of 41.7% 
which is the amount of secondary deposition. Based on 
measured dust bulk density of 0.85 gcm™° the 1978-79 
Harmattan dust influx represents a layer of dust 0.116 mm thick. 

Harmattan dust deposition measurements made by 
Bromfield’ in the same area during 1969-72 amount to 
22.6 g m`” which is far lower than rates given here, and surpris- 
ing during a time of drought. Bromfield collected dust in a dry 
deposition gauge (B.S. 1747 Part 1 1961) which can seriously 
underestimate deposition’. 

Published’ dust accumulation rates measured on land vary 
from 6.6 to 20,100 mm kyr` which could in part reflect 
different collection and calibration techniques. A standardized 
method for monitoring dust is urgently needed. 

With respect to historic fluctuations in dust deposition, the 
visibility—dust deposition relation defined here could be used to 
estimate dust deposition over the period for which meteoro- 
logical data are available, thus providing a sensitive index of 
environmental change in historic times within the Sahel. 

I thank Innocent Ukenna for help with the dust collections 
and note the recent and tragic death of Dr M. P. S. Collins of the 
Bayero University Harmattan Research Group. Thanks go to 
Bayero University for financial aid and Martin Williams for 
discussion. 
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Coupled effects of atmospheric 
N20 and O, on the Earth’s climate 
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Increased application of nitrogen fertilizer’ could perturb the 
atmospheric nitrogen cycle and might lead to a possible 
increase’ in atmospheric N,0. N,O plays an important role in 


sadn erg chemistry’” as well as in the global radiation | 
suggest that perturbation of , 


13-15 


budget’®™?. Recent studies 
local ozone could also significantly affect the global climate. 


Here we show that a doubling in the present day N,O level might l 


significantly perturb the distribution of O, and HNO,, and that 
the associated climatic feedbacks from O, and HNO, pertur- 
bations could contribute as much as 0.23 K warming of the 
surface temperature, in addition to 0.44 K directly caused by 
N-O doubling. 

Nitric oxide (NO) is formed in the stratosphere mainly by the 
reaction of OCD) with N-O (refs 7-9), 


O('D)+N,0-2NO (1) 
and may serve as a catalyst for O, removal’®” mainly by 

NO +0,> NO, +0, (2) 
and 

NO; +O-NO+ Oz. (3) 


In the lower stratosphere (z<30km), NO and NO; may, 
however, couple with stratospheric odd hydrogen (HO,) and 
odd chlorine (CIX) mainly through reactions 


NO + HO, > OH+ NO, (4a) 
NO. +OH +M- HNO, +M (4b) 
NO +CIO >- CI+ NO., (Sa) 
and 
NO,+ClO+M-—>CINO,+M (Sb) 


Note that while addition of NO may enhance O, removal 
through reactions (2) and (3), it may reduce the efficiency of both 
the HO, cycle (OH + O, -> HO, + O;; HO, + O, -OH + 20,3) 
and the CIX cycle {CI+ 0O,- CIO +0; CIO +O- Cl+0,) as 
sinks for O,, particularly in the region below 30 km. Thus, an 
increase in stratospheric NO (or NO) may lead to O, depletion 





Table 1 Calculated surface temperature change AT,(K) caused by a 
doubling of the present day atmospheric N-O abundance, 320 p.p.b.v. 


Case Model AT,(K) 
A N-O 0.44 
B N-O +0, 0.62 
C N0 + 0, + HNO, 0.67 





Case A considers the sole effect due to NaO increase. Case B includes 
the additional effect of O, perturbation (Fig. 2). Case C represents the 
combined effect associated with N-O increase, including the feedbacks 
from perturbation to O4, HNO, and NO}. The effect of NO; increase is 
mainly to increase the absorption of solar radiation in the atmosphere*“, 
with possible greenhouse effect as it has IR bands*’. However, the 
calculated surface cooling due to the associated NO, increase is small, 
~0.01 K. For the constant cloud temperature parameterization” with 

ice~albedo feedback’’, the calculated surface temperature change 
should be multiplied by a factor of 2. 
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Fig. 1 Sensitivity of surface temperature change AT,(K) to 
changes in local O; amount for mid-latiuude {solid line) and 
tropical atmospheres (dashed line) afer ref. 15). 


in the upper stratosphere and to O, increase in the lower 
stratosphere and upper troposphere. (For reviews of current 
understanding of stratospheric chemistry see refs 18-22). 

Besides its dominant role in the stratospheric chemistry, N-O 
has strong IR absorption bands at 4.5, 7.73 and 17 wm, and thus 
contributes to the ‘greenhouse effect’. Calculations'*”"* indicate 
that an increase in the atmospheric N,O abundance due to the 
increased application of nitrogen fertilizer" might directly 
influence the troposphere climate. 

We consider here some of the indirec: climatic effects that 
might be associated with the compositioral changes caused by 
N,O increase. For instance, because of the strong photochemi- 
cal coupling between N,O, O, and other trace species, changes 
in atmospheric NO may peftturb the ©, distribution which also 
has an important role in maintaining the stratospheric thermal 
structure and the lEarth-troposphere radiative energy 
balance’*"'***, Figure 1 shows the calculated sensitivity’ of 
surface temperature T, to changes of local O,. Note that the 
maximum sensitivity occurs at around 12 <m. 

Furthermore, because N,O is the precursor (reaction (1) to 
stratospheric NO, (NO, NO,, HNOs, NOs, N2Os, CINO,), 
changes in N.O would cause similar changes in HNO, and NO . 
Note that HNO, has IR absorption bands" at 5.9, 7.5, 11.3 and 
21.8 wm while NO., primarily absorbs solar radiation in the UV 
and visible’*. Consequently, changes in HNO, and NO, may 
also affect the global radiation budget. The combined climatic 
effects to be expected from a large increase of N,O are therefore 
due, in part, to direct greenhouse effect of N20 as discussed by 
Wang et al.” and, in part, to the perturbation of atmospheric 
chemical composition (for example, O., HNO, and NO.) caused 
by the interaction of N,O with other trace species. 

Figure 2 shows the calculated changes ia the vertical thermal 
structure and the O, profile resulted from a doubling of the 
present day atmospheric N-O abundance, 320 p.p.b.v. (parts 
per 10° by volume). Note that while the calculated perturbation 
to column O, amount is relatively small «~-2% increase), the 
changes in local O, amount are relatively large, up to ~+18% at 
12 km and —19% at 38 km. The increase in O, below ~26 km is 
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mainly attributed to the strong coupling between NO,, HO, and 
CIX while the decrease above 28 km to reactions (2) and (3). The 
calculated changes in O, profile (Fig. 2) are sensitive to the 
choice of diffusion coefficients and the stratospheric OH 
concentrations which are uncertain by at least a factor of 2 or 3. 
In view of such large uncertainties, the quantitative aspect of the 
results presented in Fig. 2 should be taken with caution. The 
calculated changes of the column abundance of HNO, and NO, 
resulted from a N,O doubling are +85% and +75% respec- 
tively. These results, on the other hand, are relatively model 
independent. 7 


Altitude (km) 





Fig.2 The calculated changes in thermal structure and O, profile 
due to a doubling of present day N20 abundance of 320 p.p.b.v. 
The calculations were based on iterative runs between the one- 
dimensional radiative-convective model’? and the one-dimen- 
sional photochemical—diffusive model’. In the one-dimensional 
radiative—convective model, we used: (1) 6.5 K km™' as the critical 
lapse rate’: (2) constant relative humidity parameterization”’; (3) 
constant cloud altitude parameterization”; and (4) fixed surface 
albedo” (that is, no ice—albedo feedback). In the one-dimensional 
photochemical-diffusive model, transport was treated by using the 
expedient concept of eddy diffusion with the diffusion coefficients 
taken from ref. 28. The rate data for the oxygen—hydrogen- 
nitrogen~—chlorine chemistry were taken from ref. 22. The stratos- 
pheric HO mixing ratio fao was assumed to be constant with 
altitude and with fpo set equal to 4.5 p.p.m.v. (ref. 22). The mixing 
ratio of CIX at 50 km was 2.2 p.p.b.v., which corresponds to the 
contributions of various known chlorocarbons to the present stra- 
tospheric chlorine level. | 


The combined climatic effects of the changes in N-O, Os, 
HNO, and NO, are to decrease the temperature above ~ 26 km 
and to increase below. The stratospheric cooling is mainly 
associated with the local O, depletion because the solar radia- 


tive heating is reduced. Note that the decrease in solar heating is- 


partially compensated by a warming effect associated with the 
absorption of upwelling thermal emission from a higher tro- 
pospheric temperature of about 0.67 K. The warming effect, 
however, seems less effective at higher altitude, as reflected by 
the feature that the calculated maximum cooling occurs at 
considerable highere altitudes than the region where O; 
depletion peaks. On the other hand, the stratospheric warming 
with temperature increase up to 1 K can be attributed to the 
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increases in both the local O, and the solar radiation reaching 
the region as a result of O, reduction in the upper stratosphere. 

Table 1 shows the computed surface temperature change AT, 
associated with N-O doubling. In contrast to the partial surface 
cooling effect caused by the CFMs-induced O; perturbation *??, 
the effect of the N,O-O; coupling provides a significant positive 
feedback and increases the surface temperature from 0.44 K 
(case A) to 0.62 K(case B). The 30% enhancement in AT, is 
mainly caused by the calculated increases of O; in the lower 
stratosphere and upper troposphere, a region where the 
response of T, to O, changes is maximum, as shown in Fig. 1. 
The associated increase in HNO, produces an additional posi- 
tive feedback effect and increases the surface temperature 
further, to 0.67 K (case C). The combined climatic effect seems 
quite significant when compared with the one-dimensional 
model predicted” 2 K global surface warming due to a doubling 
of the present day atmospheric CO, concentration. 

Note however, that the foregoing calculations are based on 


_ one-dimensional models in which uncertainties are large. The 


sources of uncertainties may arise from: (1) the inadequacies” 
in the basic formulation of one-dimensional models; (2) the 
treatment of humidity, clouds and the use of critical lapse rate to 
approximate the vertical transport of heat by atmospheric 
motions’’, (3) the complexity of the stratospheric chemical 
reactions where those involving peroxy(HO,) are particularly 
not well understood””*', and (4) the lack of present knowledge 
of the atmospheric N,O cycle. Thus, the present uncertainties 
make it difficult to quantify the errors associated with the 
calculated climatic effect due to N-O increase. Presumably some 
of the uncertainties discussed here may be narrowed when more 
atmospheric data and sophisticated models become available. 
Nevertheless, it seems clear that should we study the climatic 
effect due to a change of atmospheric ‘greenhouse’ material 
(such as N,O) which can also influence the atmospheric chemical 
composition, feedback from compositional changes should be 
considered. 

W.C.W. thanks J. E. Hansen and A. A. Lacis who initiated 
and participated in the development of the one-dimensional 
radiative—convective model. We also thank F. M. Luther for the 
NO, absorption data. This work was supported by grant NAS1- 
15943 from NASA Langley Research Center and by the Chem- 
ical Manufacturers Association. 
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and the offset of geomorphic and man- 
made features’ show that present-day displacements on the 
North Anatolian fault zone are right-lateral (Fig. 1). The 
present analysis of some of the mesoscopic faults and joints 
cutting Upper Neogene-Lower Pleistocene continental sedi- 
ments in intermontane basins between Cerkes and Erbaa 
indicates that there was left-lateral motion on the fault zone 
during part of its neotectonic evolution. The structures include 
conjugate reverse faults striking north-west, conjugate normal 
faults and joints striking north-east, and conjugate vertical 
joints enclosing an acute angle about a north-east trending 
bisector (Figs 2 and 3). 


Fault plane solu tions” 










Fig. 1 a, Plate setting of 
the studied segment of the 
North Anatolian trans- 
form fault zone (after ref. 
2). h, Locations of the 
sampled Neogene basins. 
The traces of active fault 
breaks generated during 
six large magnitude earth- 
quakes are also shown. 


Po 4 Neogene basins | 


Active fault 
breaks 
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The ~1,200km arc of the North Anatolian fault zone is 


generally interpreted as an early Necgene intracontinental 


transform boundary separating the Black Sea and Anatolian 
plates? (Fig. 1a). As part of a study of neotectonic structures 
associated with the fault zone, we have surveyed fractures of 
mesoscopic scale cutting Neogene-Quaternary continental 
sediments in five intermontane basins between Cerkes and 
Erbaa (Fig. 1b). The basins are situated astride or adjacent to 
fault breaks which developed during six, westwards migrating, 
large magnitude earthquakes. The aim of investigating the 
mesofractures was to infer directions of compression and 
extension related to shear along the fault zone. Other studies of 
mesofractures have demonstrated their value in the kinematic 
analysis of major fault zones*”. 

Although Neogene~Quaternary successions are different in 
each basin, those older than the late Pleistocene are regarded as 


belonging to the Pontus Formation“ or its lateral equivalents. 


The ~500 m Lower Pontus Formation (Upper Miocene~Lower 
Pliocene) comprises lacustrine gravels, sands and clays passing 
laterally and upwards into fluviatile sediments. The 300m 
Upper Pontus Formation (Upper Pliocere~Lower Pleistocene) 
also consists of fluvio-lacustrine sedimeats but passes laterally 
into colluvium in the Cerkes region. Unike the mainly marine 
Neogene successions bordering the Aegean, the minor divisions 
of the Pontus Formation have not been dated precisely; the 
continental sediments have yielded few fossils of biostrati- 
graphical value. eg i 
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Table 1 Principal directions of compression or extension inferred from the analysed mesofractures 


ne ne r U 
Steeply inclined 


Reverse mesofaults Normal mesofaults joints Vertical joints 
Analysed Analysed Analysed Analysed Trend of 
Basin fractures Ti fractures T3 fractures T3 fractures T3 fault zone 
Cerkes- West Single fault 087-267 Single fault 320-140 Conjugate shear 351-171 Single set 324—144 080 
Kursunlu— set set joints of extension 
ligaz joints 
Centre Conjugate 065-245 Conjugate 330-150 Conjugate shear 343-163 078 
faults faults joints 
East Single fault 042-222 Conjugate 287-107 Conjugate shear 299-119 Con jugate shear 303-123 069 
set faults joints joints 
Tosya Conjugate 318-138 Conjugate shear 312-132 Conjugate shear 331-151 079 
faults joints joints 
Kargi Conjugate 335-155 Conjugate shear 345-165 Conjugate shear 337-157 090 
faults joints joints 
Havza~—Ladik Conjugate shear 336-156 110 
joints 
Tasova—Erbaa Conjugate 325-145 Conjugate shear 344-164 120 
faults joints 
Number of analysed 
fractures 20 65 65 380 


eee annaa N 


gı (maximum principal stress direction) and a3 (minimum principal stress direction) are given as horizontal projections of those directions. 


Where growth faults and/or contemporaneous 
(intrasequence) erosion surfaces truncate fault planes, it is 
possible to distinguish between synsedimentary and post-sedi- 
mentary faults. However, because the movements responsible 
for generating the fractures were approximately identical during 
basin filling and later tectonism, the distinction between the two 
categories of faults is of less kinematic significance than in rocks 
where the time interval between deposition and subsequent 
tectonism is longer. Synsedimentary and post-sedimentary 
faults occur throughout the Pontus Formation and it is not 
possible to recognize horizons corresponding to particular 
tectonic events. Both faults and joints are less frequent in the 
Upper Pontus Formation. 


The structures sampled during the full survey of mesoscopic- 
scale fractures are either joints (85% ) or faults (15%). The latter 
are rarely greater than 20 m” in area and show displacements 
generally not exceeding 2 m. The orientations of 1941 meso- 
fractures at 142 localities were measured. Twenty-seven per 
cent of these fractures are interpreted as being related to 
left-lateral shear. Figure 2 shows the morphology of some of 
them, of which 14% are faults and 86% are joints. At each 
sample locality, the sediments are horizontal or uniformly dip- 
ping and orientation data were collected from small, structurally 
homogeneous domains of 15 m” area. Because the majority of 
analysed faults cut horizontal sediments and show vertical 
offsets, and because the intersects between conjugate faults are 





Fig. 2 Sketches from photographs of the analysed structures. a, Conjugate reverse mesofaults displacing gravels, sands and silts in the Lower 

Pontus Formation about 5 km west of Kursunlu. b, Conjugate normal mesofaults displacing cross-bedded sands and silts in the Lower Pontus 

Formation at Kursunlu. Synsedimentary folds are exposed at the north end of the section. c, Conjugate normal shear joints cutting silts 
interbedded with clays in the Lower Pontus Formation about 3 km south-east of Tosya. 
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Fig.3 Mean cyclographic traces of mesofracture sets of Pliocene-early Pleistocene age and from which a left-lateral sense of displacement on 
the North Anatolian fault zone may be inferred. Stereograms are lower-hemisphere Lambert plots of sets in either horzontal sediments or tilted 
sediments imagined to be restored to the horizontal. Pairs of arrows immediately outside each plot show horizontal directions of compression or 
extension inferred from. the fractures, and believed to be related to the influence of left-lateral shear along the fault zone. See Fig. 14 for names of 


basins and dates of earthquake fault breaks. a, Reverse mesofaults. b, Normal mesofaults. c, Steeply inclined joints. d, Vertical joints. 


horizontal or gently plunging, we conclude that displacements 
were dominantly dip-slip, either reverse or normal. 

The fractures were analysed by determining the mean orien- 
tations of sets, field relationships being used to decide whether 
they are conjugate. Although conjugate faults are not present at 
all localities, it was possible to allocate single fault sets to an 
appropriate system by comparing their geometry with that of 
parallel joints belonging to conjugate sets. Approximate orien- 
tations of principal stress directions (Table 1) were determined 

‘from geometrical analysis of conjugate sets or single extension 
fracture sets. It was not possible to use the more precise tech- 
nique of analysing striations on failure surfaces to determine 
either the orientations of principal strain axes’ or stress axes’° 
because only 11% of the faults are striated, and because many of 
the analysed structures are joints, which by definition cannot be 
lineated. It was unrealistic to determine the orientations of 
strain axes because, to get any regional meaning from them, an 
areal knowledge of the total slip on each set is required; unless 
the total slip on both conjugate sets is equal, the preferential 
development of one set rotates the X and Z axes. There was no 
evidence for more than one episode of displacement on any fault 
which is probably due to the mesoscale nature of the fractures. 
The determination of stress directions from conjugate shears is 
valid theoretically only when the fractures cut mechanically 
isotropic rocks. However, as field studies”’’ demonstrate, many 
rock masses contain numerous sets of symmetrically arranged 
mesofractures, and hence as Couples” states ‘‘. .. the ordered 
orientations of fractures indicate that the formation of one 
crack, and even the formation of many fractures, does not 
appreciably alter the orientation of the causative stresses, 
otherwise, the ordering would not be obtained”. 

The ~27% of mesofractures from which it is possible to infer 
that there was some left-lateral shear on the North Anatolian 
fault zone belong to four categories: reverse mesofaults; normal 


mesofaults; steeply inclined joints; ard vertical joints (Fig. 3). 
Whereas fractures related to right-lateral shear are abundant in 
both the Pontus Formation and the overlying Upper Pleisto- 
cene-Holocene sediments, those related to left-lateral shear are 
restricted to the Pontus Formation. Tae number of localities at 
which mesofractures related to different shear regimes intersect 
each other is limited. Most of those incerpreted as being related 
to left-lateral shear are cut by those related to right-lateral shear. 

North-west trending reverse meso’aults are the least abun- 
dant fractures (Fig. 3a), being observed only in the Cerkes- 
Kursunlu—Ilgaz basin where they are relatively common in the 
Lower Pontus Formation in the region of Kursunlu (Fig. 2a). 
Normal mesofaults (Figs 2b and 34) strike between NNE and 
ENE. They are equally abundant in both the Upper and Lower 
Pontus Formations, but as Fig. 3b shows, they are restricted to- 
the western basins with the exception of Tasova~Erbaa. Figure 
3c shows the distribution of joint sets at mean inclinations 
between 50 and 74°. These fractures, which are commonly 
parallel or subparallel to nearby normal mesofaults, are inter- 
preted as conjugate normal shear mints (Fig. 2c). Their dis- 
tribution is restricted to the three western basins in which they 
are more abundant in the Lower Fontus Formation. Vertical 
joints are common in both divisions of the Pontus Formation in 
the three western basins, but are res ricted to the Lower Pontus 
Formation in the two eastern basias. Except for the western 
subarea of the Cerkes—Kursunlu—ligaz basin, where the system 
is represented by a single set of extension fractures, the vertical 
joints form conjugate sets (Fig. 2d). They enclose a mean 
dihedral angle which is 41°, suggesting that they are mainly 
surfaces in the shear-extension fracture transition. 

Although mesofractures in Neogene basins external to the 
fault zone were not sampled in detail, a reconnaissance survey 
suggests that they are significantly less abundant than within the 
basins associated with the fault zons. Thus, we believe that the 
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neotectonic mesofractures described above are restricted to the 
fault zone and are not part of a regional system. 

The restriction of mesofractures related to left-lateral shear to 
sediments of the Pontus Formation, together with the obser- 
vation that both synsedimentary and post-sedimentary struc- 
tures are represented, suggests that the movements responsible 
for their generation occurred, possibly intermittently, during the 
late Miocene—early Pleistocene interval but did not continue 
after that. The greater abundance of the fractures in the west 
(79% of analysed surfaces) may indicate that left-lateral shear 
was more along the western part of the fault zone. 

The difficulty of dating divisions of the Pontus Formation 
prevents the recognition of individual phases of compression or 
extension. The attitudes and displacement senses on the meso- 
fractures are consistent with their development as secondary 
structures within a zone along which there was left-lateral 
displacement, a sense of shear which is the reverse of that along 
the North Anatolian fault zone at present. 

A comprehensive explanation for the inference that there was 
some left-lateral shear on the fault zone is beyond the scope of 
this letter. Left-lateral shear may have been a consequence of 
either or both: a reversal of motion, possibly related to reversals 
detected in the Aegean region’; or the effect of local mechani- 
cal constraints caused by, for example, anti-Riedel’* overlaps of 
faults. 

Fieldwork was funded by M.T.A. of Ankara and A.A.B. 
acknowledges that institute for a post-graduate award. We 
thank Nicholas Ambraseys for his comments about the North 
Anatolian fault zone and his advice. Jean Bees drafted the 
figures. 
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The middle Tertiary ignimbrites of the Sierra Madre Occidental 
of western Mexico form the largest continuous rhyolitic pro- 
vince in the world. Minor amounts of intermediate lavas occur 
interlayered with the ignimbrites, and Sr isotope data on the 
complete range in rock compositions must be considered when 
evaluating hypotheses for the origin of the rhyolites. Initial 
®"Sr/**Sr ratios of andesites, dacites and rhyolites from the 
Batopilas region of western Chihuahua lie in the range 0.7042- 
0.7050, showing no systematic variation with rock composition. 
The data reported here support a crystal fractionation hypo- 
thesis for the origin for the voluminous rhyolitic ignimbrites. 

A high volcanic plateau, the Sierra Madre Occidental, 
parallels the west coast of Mexico for 1,200 km (Fig. 1). The 
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Fig. 1 Distribution of Tertiary volcanic rocks in Mexico and the 
adjacent US. 


plateau is capped by a thick section of middle Tertiary extrusive 
rocks, predominantly rhyolitic ignimbrites (ash-flow tuffs), 
referred to informally here as the Upper Volcanic sequence. 
These ignimbrites, most of which were erupted between 34 and 
27 Myr ago, cover at least 200,000 km’ in western Mexico and 
have an average thickness’ approaching 1,000 m. An east- 
ward-dipping subduction zone was active off the west coast of 
Mexico when these rocks were erupted*. The volcanic deposits 
occur as a belt parallel to the western continental margin (Fig. 1), 
suggesting that they represent a middle Tertiary magmatic arc 
associated with that subduction’. The Sierra Madre Occidental 
contains a larger volume of rhyolitic rocks than do better known 
ignimbrite provinces such as the Central Andes (>70,000 km’, 
ref. 6), North Island, New Zealand (>15,000 km’, ref. 7) and 
Central America (>10,000 km°, ref. 8). The total original 
volume of rhyolitic ignimbrites in the western US may have 
exceeded that of Mexico, but much of that has now been 
removed by erosion or covered by more recent deposits. 

Most of the samples described here are from the Batopilas 
region of western Chihuahua (Fig. 1). Data on a few samples of 
rhyolite from the Creel area (Fig. 1), about 100 km north of 
Batopilas, are also reported. The Upper Volcanic sequence near 
Batopilas was erupted ~30 Myr ago”. More than 80% of the 
sequence is composed of rhyolitic ignimbrites, but rhyolitic, 
dacitic and andesitic lava flows occur interlayered with the 
ignimbrites. The andesite-to-rhyolite series is calc-alkalic and 
contains ~1% K-O at SiO, = 60% (refs 3, 5); the ignimbrites 
typically contain 71-75% SiO, and 0.5-1.5% normative 
corundum. The present study compared the Sr isotopic 
compositions of the voluminous rhyolites with those of the 
associated intermediate lavas. The only previously published Sr 
isotopic data on rocks of the Upper Volcanic sequence were on 
eight samples of rhyolite collected along a transect between 
Durango and Mazatlan (Fig. 1), some 400km south of the 
Batopilas area, and three samples from near Cuauhtemoc, 
~ 175 km north-east of Batopilas’. The initial °’Sr/*°Sr ratios of 
these samples range from 0.7033 to 0.7062. 

Rb and Sr concentrations were determined by X-ray fluores- 
cence. The uncertainties in concentration measurements are 
estimated to be ~3% based on replicate analyses of USGS rock 
standards. Sr isotopic composition was measured on samples 
dissolved in HF and HClO., Sr was separated using ion- 
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Table 1 Rb, Sr and Sr isotopic compositions of samples from the Upper Volcanic sequence of the Sierra Madre Occidental, western 1 Chihuahua, 





Mexico 
| Rock type SiO, Rb* Sr* C'Sr/**Sr)t O'Sr/"°Sr)t 
Sample no. or mineral {wt %) (p.p.m.) (p.p.m.) "Rb /**Sr Measured Initial 
i area 

mM TS26 Lava 60.5 72 437 0.476 0.70491 +17 0.70471 £17 
MXU-7616 Lava 61.0 86 468 0.531 0.70497 +17 0.70474 + 17 
MX-7528 Lava 62.4 65 392 0.480 0.70468 + 28 0,70448 + 20 
MXB-7714 Lava 64.5 244 418 1.69 0.70538 + 19 0.70466 + 19 
MXY-7618 Lava 65.2 79 402 0.568 0.70495 +9 0.70471 29 
MX-7530 Lava 67.6 136 319 1.23 0.705343 0.7048 & 3 
MX-7530 Piagioclase m _ — _ 0.70485 + 25 ae 
M-172 Ignimbrite§ 71.5 139 373 1.08 0,70545 + 29 0.70499 + 20 
MXU-7615 Ignimbrite 72.1 133 196 1.96 0.705194 14 6.70438 414 
MX-7522 _ ignimbrite 73.5 87 252 0.999 0.7052 +2 0.7048 + 2 
MX-7522 Plagioclase —— — — — 0.70475 + 29 ape 
M-161 Ignimbrite 74.7 179 160 3.24 0.70623 + 15 ().70485 + 16 
M-220 Lava 74,9 114 164 2.01 0.70505 +29 0.70419 +29 
MXY-7617 Lava 75.4 133 143 2.69 0.70563 + 17 0.70448 + 17 

_MX-7504 Ignimbrite 76.2 267 94 8.22 0.7081+43.5 0.7046 + 3.5 

MX-7504 Plagioclase von = = = 0.705142.3 on 

Creel area | 
M-205|| Lava 73.0 164 295 1.61 0.70812 + 10 0.70743 +10 
M-276 Lava 76.2 170 197 2.50 0.70660 + I 1 0.705544 21 
M-103 Lava 76.3 118 157 ie 0.7071 +2 0.7063 +2 
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* Rb and Sr concentrations measured by X-ray fluorescence. 


+ ®7/®8Sr ratios normalized to a value of 0.1 194. ®’Sr/®°Sr ratios adjusted to a value of 0.71014 for NBS SrCO; standard. Analyses w were made at 


US Geological Survey, Menlo Park. 


t Corrections to measured 87Sr/ 86¢r ratios due to addition of radiogenic * Sr are based on K-Ar ages, ref. 3. 


§ All ignimbrites are whole rock samples. 
i| 40 km south of Creel. 


exchange chromatography. Mass spectrometry was done with an 
automated 30.48-cm-radius 90°-sector single-collector 
instrument using a triple-filament source and digital data 
acquisition. A typical Sr-composition determination consists of 
24-36 measurements of each mass. The uncertainties in isotopic 
composition (Table 1) are standard deviations of analytical 
precision. 

The initial °’Sr/*°Sr ratios for 13 samples of andesitic to 
rhyolitic rocks of the Upper Volcanic sequence from the Bato- 
pilas area range from 0.7042 to 0.7050 (Table 1). There is no 
systematic variation in initial ratios with SiO, content (Fig. 2), Sr 
content or Rb/Sr ratio. The Pearson correlation coefficient, r, 
between the initial °’Sr/*°Sr ratio and SiO, content, Rb content, 
and Rb/Sr ratio are —0.20, 0.05, and —0.15, respectively. The 
correlation coefficient between initial 87Sp/ 36Sr ratio and Sr 
content is 0.40 (Fig. 3). However, the null hypothesis that these 
two variables are linearly related is rejected at the 5% level of 
significance. That is, there is no significant correlation between 
the *’Sr/*°Sr ratio and the Sr content of the analysed samples. 
Upper Volcanic rhyolites from Creel are more radiogenic than 
those from Batopilas, with initial ratios ranging from 0.7055 to 
0.7074 (Table 1). Initial ratios reported by McDowell et al.’ for 
eight samples of rhyolite from the Durango-Mazatlan area 
range from 0.7033 to 0.7062. | 

Rocks of the Upper Volcanic sequence from the Sierra Madre 
Occidental have somewhat higher *’Sr/*°Sr ratios than Qua- 
ternary andesites of the Trans-Mexico volcanic belt (0.7036- 
0.7043, ref. 10). The ignimbrites from Mexico are similar in Sr 
isotopic characteristics to Cenozoic ignimbrites from Nevada’' 
and Central America’? but are less radiogenic than ignimbrites 
from Chile'*. The middle Tertiary andesite-to-rhyolite series of 
the San Juan Mountains volcanic field of Colorado, shows an 
increase in initial °’Sr/*°Sr ratio from about 0.7054 to 0.7070 
with increasing SiO, content'*. This increase was interpreted‘ 
to reflect interaction of the silicic magmas with Precambrian 
upper crust enriched in radiogenic Sr. In contrast to the San Juan 
ignimbrites, there is no evidence in the Sr isotopic data that the 
Batopilas rhyolites interacted with radiogenic crust. The nature 
of the crust beneath the region is uncertain, but Anderson and 
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Silver’? reported that the southern limit of the Precambrian 
craton probably lies about 200 km to the north. McKee et al. 
reached a similar conclusion for the origin of early Miocene 
(21-27 Myr old) rhyolitic ash-flow tufs in the northwestern part 
of the Great Basin, US. Initial *’Sr/*°Sr ratios ranging from 
0.7042 to 0.7062 were interpreted to reflect only small amounts 
of contamination of mantle-derived magmas by crustal material. 

The Sr isotopic data reported here support the fractional 
crystallization model proposed recently by Cameron et al. for 
the origin of the Batopilas rhyolites. The rare-earth element 
patterns of the ignimbrites can be modelled closely using asso- 
ciated andesites and dacites as parents (K.L.C. and G. N. 
Hanson, unpublished data). The fractionating assemblage was 
dominated by plagioclase (>60%) and contained ~10% 
magnetite with the remaining phases being pyroxene and/or 
hornblende. The ultimate parent was:probably a basaltic magma 
of mantle origin. Th-Sr variations within the andesite to rhyolite 
series are inconsistent with a hypothesis that the series were 
derived by different degrees of meltiag of similar crustal sources 
(M.C., K.L.C. and W. C. Bagby, unpublished data). The rhy- 
olites of the Sierra Madre Occidental are heterogeneous iso- 
topically as shown by a comparison of the Batopilas and Creel 
data (Table 1) and the analyses reported by McDowell et al”, 
Some of the silicic magmas may have interacted with radiogenic 
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Fig. 2 Initial °’Sr/*°Sr ratio plotted against SiO, content for 
rocks in the Upper Voicanic sequence of the Batopilas area. 
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Fig.3 Initial °’Sr/*°Sr ratio plotted against Sr content for rocks in 
the Upper Volcanic sequence of the Batopilas area. 


crust. Nevertheless, the Sr isotope data from the Batopilas 
region establish that no such interaction was required to produce 
the voluminous rhyolitic ignimbrites of the Sierra Madre Occi- 
dental. 
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Petroleum Research Fund, administered by the American 
Chemical Society. We thank W. C. Bagby for several of the 
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ments at the laboratories of the US Geological Survey in Menlo 
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Ancient Archaean supracrustal 
rocks from the Limpopo Mobile Belt 
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A preliminary study has been made to establish pressure, 
temperature and water activity parameters for the high-grade 
metamorphism of the early Archaean supracrustal rocks 
exposed in the Limpopo Mobile Belt near Messina, South 


Africa. The results reported here indicate that a significant 


orogenic crustal thickness up to ~30 km was developed before 
~ 3,100 Myr ago in the region. 

The high-grade and poly-deformed supracrustal gneisses 
studied occur south-east of Messina in the Central Zone’ of the 
Limpopo Mobile Belt (Fig. 1). They are thought to have been 
deposited at least partly on a sialic basement made up of the 
~3,800 Myr old Sand River Gneisses’, which are cut by 
3,570 Myr old tholeiitic dykes’ that have not been recognized i in 
the supracrustal gneisses. The supracrustal gneisses were 
intruded by the anorthositic, gabbroic and peridotitic gneisses of 


the Messina layered intrusion? probably ~3,270 Myr ago (J. M. 
Barton Jr, work in preparation). Subsequently, an important 
event of igneous and metamorphic activity affected all of these 
rocks ~3,150 Myr ago’, and a second suite of ~3,060 Myr old 
tholeiitic dykes were intruded’. 

The supracrustal gneisses are predominantly quartzo-feld- 
spathic, but contain numerous interlayers and lenses of 
pyroxenitic amphibolite, quartzite, magnetite quartzite, garnet- 
cordierite gneiss, calc-silicate gneiss and marble. The mafic 
lithologies commonly preserve othopyroxene + clinopyroxene 
+ amphibole + plagioclase + quartz + magnetite + garnet 
assemblages, and frequently show prograde metamorphic tex- 
tures in which orthopyroxene has replaced and overgrown 
amphibole, while some localities show coexisting clinopyroxene 
and garnet. Kelyphitic coronas predominatly made up of 
plagioclase are developed around the garnet in lithologies with 
abundant amphibole, and in some samples, the garnet is almost 
completely replaced, or remains only as a few scattered optically 
continuous remnants in the centres of these reaction coronas. 
Thus, these kelyphitic textures are thought to be the result of 
retrograde processes (ref. 5, and P.C.H., in preparation), and 
not due to a second prograde metamorphism as has been 
described for previously metamorphosed rocks with a resulting 
low water partial pressure’. The metapelitic lithologies contain 
garnet + cordierite + biotite + sillimanite (tkyanite) + plagio- 
clase + quartz + K-feldspar + amphibole + orthopyroxene. The 
garnet is commonly distinctly zoned with more inclusion-filled 
cores, which are more pyrope-rich, overgrown by thin more 
almandine-rich and inclusion-poor rims (work in preparation). 
Some localities preserve kyanite overgrown by sillimanite’~’. 
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Fig. 1 A simplified geological map of part of southern Africa 
showing the location of Messina and the Limpopo Mobile Belt. 


Peraluminous and magnesia-rich rocks within these metapelitic 
gneisses consist of corundum + spinel + sapphirine + cordierite 
+ garnet + phlogopite + orthopyroxene + gedrite, and these 
undersaturated assemblages apparently represent metamorphic 
residua after the extraction of minimum melt granitic anatectic 
liquids'”'’. Symplectitic coronas about garnet are developed in 
places where the garnet is replaced by an intergrowth of radial 
orthopyroxene grains in plagioclase (Fig. 2). This garnet is 
relatively unzoned, and it is not obvious whether this reaction is 
prograde or retrograde. However, some samples preserve only 
spherical ‘knots’ comprising myrmekitic orthopyroxene grains 
in plagioclase suggesting the complete breakdown and 
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Fig.2 A photomicrograph of the garnet—orthopyroxene-plagioclase symplectite. Note the worm-like orthopyroxene grains in the plagioclase 


which radiate out from the garnet porphyroblast. Scale bar, 0.5 mm. 





Table 1 Temperature, pressure and water activity estimates for the supracrustal rocks near Messina, Limpopo Belt 





Equilibria (1) & (2) (3) (4) (5) (6) Opx +cpx + 
Coexisting minerals Opx + cpx Opx + gar-rim cpx + gar-rim gar-rim + biot gar-rim + cord hble + az 
Refs 12-14 12, 14, 16, 21 15-17 18, 19 16, 18 23 
Mafic rock samples 
27 890 + 50 660+ 50 690+ 50 — — 0.100.001] 
6.323 at 6 kbar 
X21395 870+50 = = = 0.06+ 0.01 
X21399 870 +50 665 + 50 690+ 50 — — 0.03 +0.01 
§$.5+3 at 6 kbar 
Pelitic samples 
21-7-F — — — 755 +50 630+ 50 
at 6 kbar #18 
21-7-G — — — 730+50 750+ 50 
at 6 kbar 6341.3 
Symplectite 
2-8-10B -— 680+ 50 — 640+ 50 
5.623 — at 6 kbar 
Sapphirine rocks 
2-8-12 — — — 640+ 50 610+50 
at 6 kbar 8.1+1.5 
11-8 — 780+ 50 =e 655+ 50 590+ 50 
at 6 kbar at 6 kbar 8.21.5 


See text for details of the equilibria used, and a discussion on the errors. Temperatures are in °C; pressures in kbar; water activities are expressed as a 
fraction between 0 and 1 for equilibrium 7 only. biot, biotite; cord, cordierite; cpx, clinopyroxene; gar, garnet; hble, hornblende; opx, orthopyroxene: 
qz, Quartz. 
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replacement of garnet probably by a retrograde process similar 
to that which is thought to have produced the kelyphitic coronas. 

Electron microprobe analyses of the above mineral assem- 
blages mean that several thermodynamic techniques can be used 
to estimate some of the pressure, temperature and water activity 
parameters of the high-grade metamorphism these rocks have 
experienced. The analytical technique used natural and 
synthetic standards, and was routinely able to repeat known 
international standards typically to within 2% for all relevant 
elements. Temperature estimates have been calculated using the 
following equilibria: 


Mg,Si,0. = Mg.Si.0, (1) 


opx cpx 
CaMgSi.0, + Mg:Si206 = CaMgSi.0, + Mg.Si06 (2) 
cpx Opx opx cpx 
Mg;3Al,Si,0,2 + 3CaMgSi,.0, 
garnet Opx 
= Ca,ALSi;0;, + 3Mg,Si,0, 3) 
garnet Opx 
Mg; Al,Si,0,2 + 3CaFeSi,0, 
garnet cpx 
= Fe,Al,Si;0,, + 3CaMgSi,0, (4) 
garnet cpx 
Fe;AlI,Si,0,2. + KMg3AISi,;0,.(0OH). 
garnet biotite 
= Mg,ALSi,0,. + KFe,;AISi;,0,.9(0H)2 (5) 
garnet biotite 
3Fe,ALSi;0,, + 2Mg3Al,S8i;0;2 
cordierite garnet | 
= 3Mg,ALSis0;. + 2Fe;Al,Si,01. 6) 
cordierite garnet 


The geothermometers derived from these equilibria’*”’’ are 


based on experimental data and calculated values are typically 
within 50 °C of the experimental condition. Thus the maximum 
practical resolution of these techniques is probably about +50°C 
and about +100 °C at worst. Fe** was estimated in pyroxene and 
garnet by a stoichiometric method” and was found to cause 
generally a lowering of the temperature estimates by not more 
than 50°C in most cases, and usually much less than 50°C. 
Pressure estimates were made from equilibria (3) and (6), and 
these geobarometers’*'*”’, also based on experimental data, 
have given more inconsistent results’, mainly due to the prob- 
lems surrounding Al solution in pyroxene. At worst, these 
barometers reproduce the experimental values to within 5 kbar 
(ref. 12) and to within 1.5 kbar (ref. 16) for the garnet—cordierite 
equilibrium. Typically, the best resolution for practical purposes 
is probably limited to +3 kbar (ref. 21). The water activity was 
calculated using equilibrium (7) (S. Richardson, personal com- 
munication) in the mafic lithologies: 


Ca2vigsSig02.(OH)2 = 2CaMgSi.O0, 
tremolite diopside 
+ 3MgSiO,; +SiO,+H,0 
enstatite 


(7) 


together with certain thermodynamic approximations” based 
on hydrothermal equilibrium data. The results from these cal- 
culations are summarized in Table 1 and Fig. 3. 

The P-T field thus suggested for the supracrustal rocks in the 
region (Fig. 3) supports the petrographical evidence of this study 
and that of other studies in the region’”, particularly with regard 
to the association of enstatite+kyanite + quartz, sillimanite 
overgrowths on kyanite’’, prograde othopyroxene replacement 
of amphibole (that is, granulite facies metamorphism), retro- 
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grade kelyphitic coronas about garnet in the mafic rocks, and the 
garnet zonation in the pelitic rocks. The early phase of this 
metamorphism which produced the orthopyroxene-bearing 
assemblages in the mafic rocks, and the pyrope-rich garnet and 
corundum in the pelitic rocks (work in preparation), was 
characterized by temperatures in excess of 800 °C and probably 
pressures up to 10 kbar (Fig. 3). Water activities in the mafic 
rocks were low, with H,O making up <10% of the fluid present 
during the high-grade phase of the metamorphism. CO, was 
probably the most abundant fluid present during this time, based 
On a comparison with a study of liquid inclusions in granulites 
from southern Norway”*. A subsequent retrogression to a lower 
temperature—pressure regime is recorded by the development of 
the kelyphitic rims about garnet in the mafic lithologies, the 
almandine-rich garnet overgrowths and the  spinel+ 
sapphirine + cordierite association (work in preparation) in the 
pelitic rocks, and probably also the production of the symplec- 
titic textures about garnet (Fig. 2). Here, pressures of between 5 
and 7 kbar were attained at temperatures of ~600-700°C 
(Fig. 3). 

The early phase of this metamorphism suggests that the 
supracrustal stratigraphy, deposited sometime between 3,570- 
Myr ago and the emplacement of the Messina layered intrusion 
~3,270 Myr ago, was subjected to rapid burial to depths prob- 
ably greater than 30 km into regions of the lower crust either by 
subsidence or tectonic means. An earlier study of an enstatite + 
kyanite + quartz association from Zimbabwe’ also suggested 
pressures in excess of 10 kbar and temperatures close to 950 °C 
with the enstatite having an Al,O, content of over 5.5%. These 
data suggest that this metamorphism reflects an average geo- 
thermal gradient during the peak of the metamorphic event of 
less than about 30°C km~ in the lower regions of the crust. This 
compares favourably with other suggested Archaean geo- 
therms”*”*, The metamorphic and igneous activity about 
3,150 Myr ago, which reset the Rb-Sr isotopic ratios in the rocks 
of the Messina layered intrusion’ probably reflects the peak of 
this phase of the metamorphism. Subsequent orogenic events 
occurred during the interval from ~3,100 Myr ago to 
~2,400 Myr ago‘ during which minimum melt granitic anatectic 
liquids were extracted?’ and intense polyphase deformation was 
imposed on the lithologies’. Although temperature and pressure 
data currently available do not provide sufficient evidence in 
themselves, these events could probably represent a continous 
progression of tectonism and metamorphism? during the 


Temperature (C) 
700 > : 800 





Pressure (k bar) 


Fig.3 A pressure-temperature diagram showing the results given 

in Table 1: O, mafic rocks; @, pelitic lithologies; A, sapphirine- 

bearing samples; ®, symplectite sample; W, enstatite + kyanite + 

quartz’ association discussed in the text. an, andalusite; ky, 
kyanite; and sill, sillimanite. 
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erosional and/or tectonic excavation of the supracrustal rocks 
and the resulting pressure and temperature changes. The 
exhumation of these gneisses would cause waning pressures at 
maintained temperatures, probably adiabatically, and may 
explain the retrogression as manifest by the kelyphitic textures 
and garnet zonation. The end of high-grade metamorphism and 
the onset of comparative tectonic stability are evidenced by a 
fabric-free dolerite dyke of ~2,200 Myr in age*’. This ancient 
basement-supracrustal event of high-grade metamorphism may 
not predate the development of the greenstone—grandodiorite— 
tonalite terrains which comprise much of the Earth’s shield 


Received 12 February; accepted 3 Jane 1980. 


1, Cox, K. G. et al, Phil, Trans, R, Soc. AIST, 71-218 (1965). 
. Barton, J. M, Jr, Fripp, R. E. P. & Ryan, B, Nature 267, 487-490 (1977), 
. Barton, J. M. Jr, Fripp, R. E. F., Horrocks, P. C. & McLean, N. Am. J. Sci. 279, 1108-1134 
(1979). 
. Barton, J. M. Jr & Ryan, B. Botswana geol. Sure. Bull, 12, 183-200 (1977). 
. Leyreloup, A., Lasnier, B. & Marchand, J. Péirelogie 1, 43-55 (1975). 
. De Wit, M. J. & Strong, D, F. J. Geol. 83, 609-627 (1975), 
. Chinner, G. A. & Sweatman, T. R. Miner. Mag. 36, 1052~1060 (1968). 
. Light, M. P. R., Broderick, T. J. & Watkeys. M. K. Bowswana geol. Surv. Bull, 12, 61-74 
(1977), 
9. Light, M. P, R. & Watkeys, M. K, Ann. Rhodesian geol. Surv, HH, 35-40 (1978). 
10. Clifford, T. N., Meiver, J. R. & Stumpf, E, F. Miner. Mag. 40, 347-356 (19751. 
Li. Lal, R. K., Ackermand, P., Seifert, F. & Halder, S. K. Contr. Miner. Petrol. 67, 169-187 
(1978). 
12. Wood, B, J, & Banno, S. Cose. Miner. Petrol. 42, 109-124 (1973). 


tad te 


OO NETH V e 





areas, but perhaps represents a contemporaneous development 
at lower crustal levels now only exposed in limited zones of the 
ancient shields. The geometry of these zones (or ‘belts’) is 
probably superimposed, and not a result of the intrinsic 
metamorphic history. 
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In the northeastern English Lake District two major till units 
occur. The upper unweathered unit is clearly the product of 
late-Devensian glaciation’. The lower till has undergone severe 
humid temperate chemical weathering and contains palaeosol 
features. It must pre-date the Ipswichian interglacial’. Pre- 
Devensian weathering profiles of an interglacial character have 
not previously been described in northern England. There has 
been scant previous evidence for a pre-Devensian glaciation of 
north-west England**. No date has been assigned to ‘Early 
Scottish’ till which has been located around Carlisle. Till in Low 
Furness is recorded beneath ‘interglacial beds’, but this was 
described in the nineteenth century and cannot be relocated'”. 
It has generally been accepted that erosion during the Deven- 
sian effectively removed pre-existing deposits and it has been 
assumed that the landforms of the Lake District, including the 
major erosional features, are the product of the last glaciation®”°. 
I show here that, in the Vale of Threlkeld, this is not the case. 

In the valleys of Mosedale and Thornsgill Beck, two south 
bank tributaries of the Glenderamackin (Fig. 1), 10 km east of 
Keswick, a sequence of glacigenic, glacifluvial and periglacial 
deposits overlie thinly-cleaved mudstones of Ordovician Skid- 
daw Group’. The surface tills form drumlins and till hummocks, 
and glacifluvial sands and gravels locally form kames. All these 
features are considered to be of late Devensian age’. The 
Mosedale Beck valley was eroded by high meltwater discharges 
released by the corrie glacier at Wolf Crags which last developed 
in Younger Dryas time’. In places, such as on Threlkeld Com- 
mon, stone-banked solifluction lobes disturb the till and these 
are probably of Younger Dryas age. 

The recently discovered succession in the area’ reveals 
weathered till at the base, overlain by fresh unweathered till or 
unweathered sands and gravels. Four representative sites are 
considered in Fig, 2. 
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At Carel Gully and site D, yellowish-brown weathered till is 
overlain by a grey till which incorporates, at its base, lenses of 
the weathered material. At two sites, D and N, a weathering 
profile exists—the severely weathered til grading down into 
fresh till. In the weathered till manganese staining is frequent, 
clasts are soft and friable, and surface textures on quartz grains, 
examined by scanning electron microscopy, indicate severe 
chemical weathering and an absence of glacial processes (P. 
Wilson, personal communication). At site E, the weathered till 
unit is dissected by a channel which is filled with similarly 
weathered sands and gravels. This in tern is overlain by coarse 
unweathered gravels which form a terrace fragment of Younger 
Dryas age. | 

At N, the upper part of the site is obscured but it is probable 
that unweathered Devensian material completes the sequence, 
as it is exposed at nearby sites. In places, a gleyed horizon is 
developed in a silty clay band at the base of the severely 
weathered till. The dominant colour is orange (7. SYR 6/8) but it 
contains many irregular mottles of low chroma (SY 7/1). In thin 
section these are seen to be iron-depleted areas (albans). Chan- 
nels and chambers reflect biological activity®, and in some cases, 
are lined with translocated clay and silty clay. Gleying, trans- 
location of clay, and biological activity ere characteristic of the B 
horizon of certain soils. 

The chief characteristics of the weathered till in the area are: 
(1) high proportion of soft and friable clasts that can be crushed 
by hand; (2) typical bright yellowish-brown (1OYR 6/6) clast 
colour and yellowish-brown (1OYR 5/8) matrix colour which 
differ from greenish-grey (7.5GY 5/1) and dark grey (N 3/0) 
respectively of the fresh materials; (3) low silt and clay percen- 
tages, 13 and 7% for the weathered till samples, in contrast to 
values of 23 and 20% for unweathered equivalents; (4) clay 
mineral suites dominated by illite and vermiculite which are 
typical of many weathering products of acid igneous rock types 
(R. Merriman, personal communicaticn). 

The weathering profile is interpreted as having formed in a 
period of protracted weathering on a stable land surface such as 
is typical of a vegetated temperate interglacial environment. 

The sequence of events can be summarized as: (1) deposition 
of the lower till and glacifluvial sands and gravels; (2) severe 
chemical weathering under humid temperate conditions; (3) 
deposition of the upper till incorporating lenses of the pre- 
existing weathered till unit; (4) deposition of terrace gravels in 
Mosedale and corrie glaciation at Wolf Crags. 
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With reference to the established British Quaternary strati- 
graphy’, the upper till and associated glacial landforms is 
Devensian, the weathering profile is most likely to be Ipswi- 
chian, and the weathered till unit is probably Wolstonian. Till of 
that age has been described from East Yorkshire and Lincoln- 
shire’, and a possible Wolstonian till containing Lake District 
erratics occurs in the Peak District'’. However, in the Lake 
District, a maximum age cannot be assigned to the till: it may be 
of greater antiquity. 

Preservation of unconsolidated sediments beneath till is rare 
in highland Britain, and in the northeastern Lake District seems 
to be the result of irregular bedrock topography. The survival of 
deposits at several sites suggests that Devensian erosion had a 
limited impact on the Vale of Threlkeld. Classic glacial features 
in the area such as the truncated spurs of Blencathra (Fig. 1) are 
therefore likely to be pre-Devensian in age. By implication, 
other major glacial troughs in the Lake District may also have 
been in existence at the onset of the last glaciation. 

I thank Dr P. Bullock for advice on pedological aspects and Dr 
J. Catt for comments, Mr J. Rose, who discovered the weathered 
till in Mosedale, for discussions and comments. Mr S. Frampton 
drew the diagrams. The Central Research Fund, University of 
London, financed the cutting of thin sections. 
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When closely related species overlap geographically, a change of 
character state may occur in one species which is directly 
attributable to the. presence in the same environment of an 
ecologically similar species'*. Most reports of this 
phenomenon—called | character displacement—have been 
concerned with: divergence, rather than convergence, in 
morphologial characters between species in the zone of sym- 
patry. There hasbeen only one report on genetic displacement 
at the allelic level’. In this, Murphy observed a divergence in 
allele frequency at a leucine aminopeptidase locus in sympatric 
species of marine limpets which he interpreted as allelic 
accommodation in response to interspecific competition’. I 
report here a study of two closely related species of cockles, 
Cerastoderma edule and Cerastoderma glaucum, in which C. 
glaucum exhibits a convergence in allele frequency at the 
phosphoglucomutase (Pem) locus when it is found intermixed 
with C. edule. 

In the British Isles, C. edule is widely distributed intertidally 
whereas C. glaucum is found in stagnant saline pools isolated 
from tidal influences**. However, occasionally the two species 
are found together intertidally, apparently occupying identical 
ecological niches®. The two species are morphologically very 
similar and were separated using the characteristics outlined by 
Boyden’—shell shape, ligament length, shape of ribs, digestive 
gland coloration and internal shell pigmentation. 

Pgm is coded at a single locus with three electrophoretic 
alleles, Pgm^, Pgm” and Pam", present in C. glaucum and 
Pgm*, Pgm?”, Pgm® and Pgm" present in C. edule. The allele 
Pgm* is common to both species (Fig. 1). Because of the 
different electrophoretic mobilities of Pgm allozymes in C. 
glaucum and C. edule, the Pgm system can therefore be used in 
conjunction with morphological characteristics to separate the 
two species. In this study, unispecific samples of C. edule were 
collected from the intertidal region of the shore whereas all 
unispecific samples of C. glaucum were taken from stagnant 
saline pools where the cockles were permanently submerged. 
Table 1 presents allele frequency data in two unispecific popu- 
lations of C. edule and C. glaucum. To date, all unispecific 
populations of either species from Irish and British sites exhibit 
little geographical variation in allele frequency at this locus 
(unpublished results). In addition to the above samples, mixed 


Fig. 1 Pym alleles in C. edule and 
C. glaucum. Mixed samples of C. 
edule and C. glaucum together with 
unispecific samples of C. edule were 
collected from the intertidal region 
of the shore; unispecific samples of 
C. glaucum were collected from 
non-tidal lagoon sites. A portion of 
the foot was excised from living 
individuals and homogenized 
manually in approximately two 
volumes of 50 mM Tris-HCI buffer, 
pH 7.8 (1:iw/v). Electrophoresis 
was carried out at 2 °C in horizontal 
starch gel (Connaught) using the 
Tris/EDTA/maleic buffer system, 
pH 7.4, of Spencer etal, ? . Gels were 
run for 14-16 hat 6.5 V cm`*. Sliced 


gels were stained for Pgm using the DE CE DE 
paper overlay method described by 
Scopes’*. C edule 








Table 1 Pgm allele frequencies in allopatric populations of © edule and C 
glaucum from W. Irelare] 
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Allele frequency 


N A B C D E F x? 
C. edule 8O — — 09.09 €34 6484 0.03 2.435 NS 
Shannon Estuary 
C. glaucum 95 0.0 G68 O32 — won —— 2.81 NS 


Carna, Galway 





N, no. of individuals analysed. x7”, Goodness-o: -Ñt of observed to expected 
frequencies from Hardy-Weinberg equilibrium. NS, not significant, P > 0.05, 


populations of the two species were coLected intertidally from 
two Irish sites (Keeraunnagark and Shannon Estuary) and two 
British sites (the Fleet, Dorset, and Hullbridge Ferry, Essex). At 
these sites, C. glaucum experiences quite different environ- 
mental conditions from the lagoon habi:at, such as exposure to 
air, exposure to wave action and tidal amplitude. In the case of 
each mixed population, an attempt wes made to collect uni- 
specific populations of C. glaucum and C. edule from sites 
situated close to the mixed population. The results of the Pgm 
allozyme analyses of these samples are shown in Fig.2. In some 
cases (see Fig. 2 c, d), it was not possible to collect unispecific 
samples from sites which were geographically close to a mixed 
population. However, the result was the same for each Ceras- 
toderma assemblage, that is, allele frequency in C glaucum was 
consistently nearer to that of C. edule -n mixed populations of 
the two species by a statistically signifieant (P < 0.05) amount. 
Allele frequency in C. edule from unispecific populations, or 
from populations where it was mixed with C. glaucum, showed 
no significant (P > 0.05) difference. 

Cross-fertilization can be ruled out as an explanation for the 
observed convergence in allele frequency. First, no Pgm enzyme 
genotypes indicative of hybridization were observed. Second, 
hybridization between these species is, in any case, unlikely. 
Although individuals with apparently intermediate morpho- 
logical characteristics occur in mixed populations and cross- 
fertilization can take place in the laboratory”, attempts” to rear 
hybrid larvae have met with little success. In general, attempts 
have been less successful between species originating from 
mixed populations than between speces taken from different 
geographical locations’. In addition, displacement in spawning 
times occurs in mixed populations’, thereby ensuring effective 
reproductive isolation between the twc species. 

The results of the present study suggest that the genetic 
displacement, that is, the change in allele frequency which 
occurs only when C. glaucum coexists with C. edule, is a genetic 
consequence of adaptation to the intertidal habitat. Previous 
reports*'°'* have implicated interspecific competition as the 
cause of character displacement in the zone of sympatry. There 
is no evidence in the literature to sugzest that the two cockle 
species compete in the zone of contact. If interspecific competi- 
tion is occurring, one might expect the observed difference in 
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Cumulative allele frequency 


Pgm Alleles 


Fig. 2 Cumulative frequency of Pgm alleles in allopatric 
(———-—) and sympatric (~ - - -) populations of C. glaucum (A) and 
C. edule (@). Samples were collected from four habitats that 
supported mixed populations of C. glaucum and C. edule and in 
each case a unispecific populations of C. glaucum and C. edule was 
collected from a site situated as close as possible to the mixed 
population. Results for each Cerastoderma assemblage are 
presented separately in a, b, c and d, P was derived from a 
two-tailed Kolmogorov-Smirnov two-sample test of the Hy that 
the distribution of alleles in allopatric and sympatric populations of 
C. edule and C. glaucum are identical. a, S: Silverstrand, Galway; 
K: Keeraunnagark, Galway; Sc: Screebe, Galway. b, C: Carna, 
Galway; Sh' ; Sh’: Shannon Estuary, Limerick. c, L: Lady’s Island, 
Wexford; H’, H°: Hullbridge Ferry, Essex, UK. d, T: Tacumshin, 
Wexford; F: The Fleet, Dorset, England; LS: Leigh-on-Sea, Essex, 
Numbers beneath each site abbreviation indicate size of sample. 


allele frequency to vary depending on the proportions of C. 
glaucum and C. edule present in mixed samples. This was not 
the case, as is evident from Fig. 2a and c, where the ratio of C. 
glaucum to C. edule in the two samples was 4:1 and 1:4 
respectively. In the sample from Fleet, Dorset, individuals of C. 
glaucum were not actually intermixed with C. edule but were 
separated from them by a geographical distance of about 
0.5 km. However, C, glaucum shows the characteristic shift in 
allele frequency which indicates that sympatry of the two species 
is not necessary to produce this effect. 

We conclude that, although character divergence or con- 
vergence in sympatry can occur in response to interspecific 
competition there must also be occasions, for example in this 
study, when it occurs for reasons not directly connected with the 
presence of another species. 

I thank N. P. Wilkins and J. McKay for useful discussions and 
the following people who helped in the collection of samples: D. 
McGrath, B. Healy, G. O'Sullivan, A. Beaumont, G. Pickett, B. 
Dawson and D. Seaward. This work was supported by a grant 
from the National Board of Science and Technology, Ireland. 
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Extensive investigations of the environmental factors influenc- 
ing the alate-apterous dimorphism of the summer, partheno- 
genetic, virginoparous generations of aphids have shown that 
crowding has a major influence on the development of the alate 
morph, although temperature and nutrition are also 
important’’. These factors may act prenatally, postnatally or 
both, depending on the species. However, the physiological 
control of this dimorphism within the individual has not been 
elucidated. As the apterous adult and the larvae share certain 
morphological features’ it has been suggested that the hormone 
controlling larval-adult metamorphosis, juvenile hormone 
(JH), also influences development of apteriform characteris- 
tics**. Indirect evidence from measurements of corpus allatum 
(CA) volumes and CA nuclei were believed to support this 
theory“ and early experiments with topically applied JH extracts 
and analogues seemed to divert alate development towards the 
apterous condition’. Attempts to obtain more direct evidence 
have been negative or inconclusive’. Recently, Lees’ has ques- 
tioned this hypothesis, citing the following evidence: (1) 
examination of more extreme forms produced by topical appli- 
cation of JH mimics to middle instar alatae shows them to be 
developing towards a fifth instar, supernumerary larva (that is 
juvenilization) rather than towards an apterous morph (that is 
apterization); (2) in an autumn, short-day-induced alate morph 
of Aphis fabae, namely the gynopara (see below), authentic 
apterization can be effected by postnatal exposure to long 
photoperiods, the first larval instar being most sensitive to this 
treatment. By contrast, it was the late second and the third 
instars that were most sensitive to juvenilization following topi- 
cal application of JH analogues. It is shown here that larger 
doses of a more active hormone (JH1) will closely mimic the 
photoperiodic apterization of these gynoparae but that 
apterization is not due to the neotenic action of JH. Evidence is 
also presented suggesting that the alate-apterous dimorphism in 
summer, long-day generations is not controlled by JH. 

In many host-alternating aphid species a separate alate, 
viviparous morph is produced in response to short days and gives 
birth to the sexual females (the oviparae). In Aphis fabae these 
gynoparae (Fig. 1a) are morphologically very similar to the alate 
virginoparae but may differ in the number of secondary rhinaria 
(placoid sensilla) on the antennae. The major differences 
between the two alates lie in their behaviour * and in the morph 
of their progeny. 

In the experiments described below, A. fabae [from a clone 
originally isolated in 1946 (ref. 9)] were reared on germinating 
tick beans ( Vicia faba) at 15 °C. Long day (LD) conditions were 
16 hlight: 8 h dark and short day (SD) conditions 12 h light:12 h 
dark. When progeny of an apterous virginopara from an LD 
stock culture are reared in isolation in SD conditions they 
develop as apterous adults and their progeny, that is the second 
generation in SD, are mainly alate gynoparae but include a few 
late-born males and apterous virginoparae. If only the progeny 
born before the appearance of the males are reared at a density 
of between 1 and 10 per germinating bean in SD conditions then 
99.8% (1,140 in 1,142) develop as gynoparae. Initially the 
germinating beans are 1-1.5 cm tall. 

As mentioned earlier, the development of the adult alate 
gynopara of A. fabae also depends on the postnatal environ- 
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after birth. However, the response profile was similar in both 
apterizing treatments. Presumptive gynopara controls either, 
untreated or treated with 0.1 wl of acetone, and reared in SD at 
<10 per bean were almost all alate adults (0.2% of individuals 
showed apterous characters). 

JH-treated insects that were not apterized often showed 
juvenilization are the second and third instars, an observation 
for the degree of juvenility the total effect was calculated after 
Lees’ (Fig. 3). The developmental steges most sensitive to 
juvenilizations are the second and their instars, an observation 
also reported by Lees’. Thus the apterizing effects and the 
juvenilizing effects of JH treatment show different sensitivity 
i profiles, a finding which indicates that separate target sites exist 
l : i and that apterization is not due to the neotenic action of JH. 
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Fig. 1 a, The alate gynopara of Aphis fabae which produces 
sexual females (oviparae). b, A presumptive gynopara which has 
been completely apterized by topical application of 0.1 pg JH1 
during the first instar. This aphid was reared in short-day condi- 
tions; similar apterae are produced when presumptive gynoparae 
are reared from the first instar in long-day conditions. As far as is 
known they are morphologically identical to apterous virgino- 
parae. Scale bar, 1 mm. 


ment’. If presumptive gynoparae complete larval development 
in LD conditions after transfer from SD during the first or early 
second instar a number develop into adult apterae or 
alate/apterous intermediates, that is apterization occurs. In 
extreme cases this is complete and the adult morph is identical to 
the apterous virginopara (see Fig. 1b). The proportion of adults 
showing various degrees of apterization is maximal if transfer to 
LD is effected during the first 24 h of postnatal development and 


% Of insects apterized 





decreases with the age of transfer (Fig. 2). 

Lees’ has previously shown that by examination of fifth instar 
(normally adult) individuals it is possible to distinguish the more 
extreme forms of juvenilized alate gynoparae induced by 
treatment with JH mimics juvenilization and presumptive 
gynoparae which have been diverted along an apterous 
developmental pathway by postnatal exposure to LD (apteriza- 
tion). Less extreme apterized and juvenilized alate fifth instar 
individuals—those designated as 25% morphological effect— 
are difficult to distinguish. This category is, however, rare in the 
LD, ‘authentic’ apterization (12 of 1,017 insects transferred to 
LD between days 1 and 4 of postnatal development) and so 
when observed in the following JH experiments it was assumed 
to be an indication of juvenilization rather than apterization. 

It was found that photoperiodic apterization could in fact be 
mimicked by JH (Figs 1b, 2). JH1 (0.1 ug, Calbiochem) in 
0.11 acetone was applied topically to the abdomen of 
presumptive gynoparae, postnatal development continuing in 
SD conditions. The numbers of insects showing apterous 
characters was less than that obtained by transfer to LD condi- 
tions at the same stage of development except on the fourth day 


Days of postnatal development 


Fig. 2. The percentage of presumptive gynoparae which showed 
some degree of apterization when either transferred to LD condi- 
tions (hatched) or treated with a single application of 0.1 ug JH1 
(stippled) at different stages during postnatal development. The 
JH-treated insects were reared in SD conditions throughout 
development. All insects were reared with an initial population of 
10 per germinating bean but due to the increased mortality in 
JH-treated individuals there was often less than 10 for much of de- 
velopment. Number of insects tested in the _D treatment were: day 
1, 193; day 2, 148; day 3, 143; day 4, 94; first day of the third instar, 
61; first day of the fourth instar, 102. Only the survivors of the JH 
treatment could be scored and survival depended on the age when 
treated. Survivors per number treated were: day 1, 67/210; day 2, 
24/454; day 3, 37/389; day 4, 77/103; firs: day of the third instar, 
65/70; first day of the fourth instar, 102/104. Of controls dosed on 
day 1 with 0.1 wl acetone and reared in SD 27/30 survived; all 
survivors were alate gynoparae. Of untreated controls reared inSD 
99.8% (971/973) were alate when reared at a density of between 2 
and 10 individuals per germinating bean while 100% (142/142) 
were alate when reared at one per bean. These alatae are induced 
by the pre- and postnatal SD treatment, not by crowding. 
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Table 1 The apterizing effects of 0.1 ug JH1 on presumptive gynoparae less than 24 h after birth, compared with the alatizing effect of crowding. 
Development continued in SD conditions 
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% Insects showing apterization 


Crowding intensity Control survival Experimental survival Controls JH-treated 
a Relatively uncrowded (10 aphids per 
germinating bean) (404/410) = 98.5% (67/210) = 31.9%" 0.5% 44.8% 
b Crowded (200 aphids per bean stipule) (166/250) = 66.4% (13/250) = 5.2% 0% 0% 


e a 


The crowding intensity was increased in b compared with a not only by increasing the number of aphids in the colony but aso by using a bean stipule 
(growing tip removed). These plants showed retarded growth during the experiments when compared with the germinating beans. The increase in 
density of crowding leads to a decreased survival in both control and experimental animals. Control animals are untreated. 

* These values are the same as those of day 1, JH-treated insects in Fig. 2. 
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Fig.3 The total degree of juvenilization exhibited by aphids that 
were not apterized by JH treatment in Fig. 2. The response index 
was calculated after Lees’, each insect being assigned to one of five 
groups of ‘morphological effect’ namely 0, 25, 50, 75 and 100%. 
0% was a normal alate while 100% was a fifth instar super- 
numerary nymph, the other groups falling between these extremes. 
The response index was calculated as 3(% ME x n/N; ME, 
morphological effect; n, number showing this grade of response; 
and N, total number of individuals. Due to the different mortalities 
and apterization caused by the treatments the N varied as follows: 
day 1,37; day 2, 20; day 3, 34; day 4, 72: first day of the third instar, 
65; first day of the fourth instar, 102. 


In LD, virginoparous aphid generations wing production is 


induced by crowded conditions, postnatal crowding being a 
predominant factor in A. fabae’. It was therefore of interest to 
test whether the LD apterization of presumptive gynoparae 
observed in relatively uncrowded conditions (10 per germinat- 
ing bean) could be opposed by the alatizing effect of crowding. In 
one experiment where day 1 presumptive gynoparae were 
crowded on to a single bean stipule (growing tip removed) and 
transferred to LD, 100% (126 of 126) of the adult survivors 
were alatae, in a second experiment 88% (83 of 94) were alatae. 
In uncrowded conditions only 15% (28 of 193) were alatae (F ig. 
2). Thus the apterization induced by LD could be cancelled out 
by crowding. 

Experiments were also designed to test the effectiveness of 
apterization by exogenous JH against the alatizing effect of 
crowding. Fifty first-day presumptive gynoparae were treated 
with 0.1 yg of JH1 and placed on a bean stipule with 50 first-day 
control aphids marked by the removal of the left antenna. After 
leaving these insects to settle overnight a further 100 first-day 
larvae with the right antenna removed were added to the same 
stipule to act as an additional crowding agent. This crowded 
colony was allowed to develop in SD conditions and scored for 
alate /apterousness in the fourth or fifth instar. Due to the large 
residual effects of the JH1 during the larval instars most sensitive 
to juvenilization, the fifth instar individuals, in these experiments, 
were all supernumerary nymphs. However, alate individuals 
could easily be distinguished from apterized insects. Table 1 
summarizes the results of five such experiments (5) in 
comparison with a similar uncrowded series (a). It can be seen 
that the increase in intensity of crowding decreases the survival 
of both control and JH-treated individuals but all survivors in 
the crowded JH-treated experiments were alatae while 45% 
were apterized in uncrowded experiments. Control experiments 
showed there to be no differential mortality between alate and 
apterous morphs. Thus the apterization of alate gynoparae 
induced by either LD or JH treatment may be cancelled out by 
crowding. ° 

Recent examination of the role of JH in controlling aphid 
polymorphism, as investigated by topical application of JH or 
analogues, indicates that in addition to influencing larval—adult 
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metamorphosis it has a possible role in the embryonic deter- 
mination of LD parthenogenetic morphs as opposed to 
Ooviparae''"*. Aphid embryogenesis occurs paedogenetically 
throughout larval development as well as in the adult mother, so 
that JH levels controlling embryonic development in LD 
virginoparae may be high except at the Stage when adult charac- 
ters are determined. According to this view both alate and 
apterous virginoparous mothers would have raised JH levels. 
Topical application of JH to larvae of these aphids would 
influence only larval—adult development, no effect being expec- 
ted on the determination of alatiform or apteriform characters 
of the adult. This hypothesis is consistent with the failure of JH 
to induce aptera production, whether pre- or postnatally 
controlled, in LD aphids*'?. 

The apterization of gynoparae induced by postnatal LD 
treatment is closely mimicked by exogenous JH, suggesting that 
LD conditions increase endogenous JH levels in A. fabae 
larvae. If this is the case then putative low titres of endogenous 
JH induced by SD exposure would promote both wing 
development and the embryonic development of oviparae. Both 
LD- and JH-induced apterization involves a switch in embry- 
onic development from oviparae to parthenogenetic viviparae 
(ref. 7 and unpublished results). The observation that crowding 
can cancel out the apterization induced by either LD or JH 
points to the existence of a separate factor which controls the 
alate-apterous dimorphism in LD, virginoparous aphids. 

I thank Professors A. D. Lees and B. Johnson for advice and 
Professor J. S. Kennedy for comments on the manuscript. 
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Results are presented which confirm that in human albinos each 
cerebral hemisphere receives a predominantly monocular input 
from the contralateral eye, giving rise to an asymmetry of the 
visual evoked potential (VEP) to whole-field stimulation which 
is similar to that for stimulation of the temporal half-field in the 
same individual. The further finding of two distinct, and in some 
respects opposite, types of topographical asymmetry raises the 
possibility that there are two anatomically distinct variants in the 
retinocortical projection in human albinism, as there are in the 
Siamese cat. 

Albinism is associated with a peculiar anatomical anomaly of 
the visual pathways resulting from a misrouting of the retino- 
geniculate projections. In the extensively studied Siamese cat, 
not only is the whole of the temporal half-field of each eye 
projected to the opposite hemisphere, but also up to 20° of the 
nasal half-field. Each hemisphere therefore receives a pre- 
dominantly monocular input from the contralateral eye, with 
only the more peripheral parts of the nasal field represented 


: 
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ipsilaterally’ . A similar anomaly appears to be associated with 
albinism in all the mammalian species so far studied, including 
albino rats, guinea pigs, rabbits, and mink? ’. There is now also 
evidence for a similar anomaly in man“. 

The misrouting of the retinocortical projection results in a 
partial disorganization of the normal cortical retinotopic 
representation in the contralateral occipital lobes, and it appears 
from anatomical and electrophysiological studies in Siamese 
cats that the visual system deals with the abnormal projection 
from the nasal field of the contralateral eye in two distinct ways. 
In one, the ‘Boston’ pattern, the anomalous central 20° of the 
nasal field has a separate representation in V1 and V2 (areas 17 
and 18) interpolated on either side of the 17/18 border, so that 
the representation of the fixation point or the area centralis is 
shifted away from the common border of areas 17 and 18 by the 
abnormal input’. In the other variant, the ‘mid-Western’ 
pattern, the area centralis is still positioned, as in the normal cat, 
at the 17/18 border, and the abnormal input from the contrala- 
teral temporal hemiretina overlies it, so that mirror-symmetrical 
points to either side of the fixation point go to almost identical 
positions on the cortex, rather as the homologous points from 
homonymous half-fields in each eye converge in the normal 
cat’. A further feature of the mid-Western pattern is the 
‘suppression’ or reduced number of cortical units in the area of 
cortex receiving the abnormal input. There has been some 
evidence suggesting that in some cases both types of anomaly 
may co-exist in the same individual’ ’. 

Creel et al. have recorded the visual evoked potential in 
human albinos and report that up to 70% of individuals have an 
abnormal response with evidence of missing components from 
the hemisphere receiving the uncrossed visual pathway. 
Since pattern reversal VEPs have proved particularly consistent 
in normal healthy subjects, and the responses from each half- 
field show a characteristic asymmetry in all normal individy- 
als‘*"*, we have recorded the VEPs in 15 human albinos to 
reversal of a black-and-white checkerboard pattern of 50’ 
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checks, using a multi-channel montage to examine in detail the 
topographical distribution of the response over the back of the 
head. Three had X-linked, and five had autosomal recessive 
ocular albinism and seven were oculocutaneous albinos 
(tyrosinase positive in six). The visual acuities were 6/36 or 
worse bilaterally in nine subjects and the remainder had best 
monocular acuities of between 6/9 and 6/24. No differences 
were found in the size of the central nasal and temporal visual 
fields and all but three had varying degrees of pendular or jerk 
nystagmus when the eyes were in the primary position. In all, the 
nystagmus diminished considerably during VEP recording. 
Recordings where fixation (monitored throughout) was judged 
inadequate or nystagmus excessive OF which were not 
reproducible were rejected. 

All the monocular responses to a crcular stimulus of 16 
degree radius showed a marked asymmetry which clearly dis- 
tinguished them from those of normal subjects (Fig. 1). This 
whole-field response asymmetry invariably resembled the 
asymmetry produced by stimulation of the temporal half-field in 
the same eye. However, two quite distinct, and in some respects 
opposite, types of asymmetry were encountered in the albino 
group. In five subjects the P100 component (major positivity) 
was ipsilateral to the stimulated eye or temporal half-field, being 
similar in distribution to the P100 of tae temporal half-field 
response of the normally pigmented subject. In nine others the 
distribution of the P100 was the reverse cf that found in normal 
subjects with this component appearing in the channels 
contralateral to the stimulated eye. One individual showed a 
mixture of the two patterns, the P100 being ipsilateral for the 
left eye responses and contralateral for the right eye responses. 
In both groups of subjects the P100 to nasal half-field stimula- 
tion showed an almost identical distribution to that for the 
temporal half-field and whole-field responses from the same 
eye. In general, the amplitude of the nasal field P100 was smaller 
than the temporal field P100, this differerce being most marked 
in the first group of five subjects. There was, however, no 





Fig. 1 Left eye whole-field (16 deg radius) VEPs from: a, a normal subject; b, the grand average of the 5 albino subjects with a P100 (arrow) 

distribution ipsilateral to the stimulated left eye and c, the grand average of the 9 albino subjects with a contralateral P10 (arrow) distribution. 

Note in the normal subject the larger amplitude and symmetrical distribution of the P100 about the midline. The micline electrode of the 
transverse chain of 5 is situated 5 cm above the inion. 
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obvious association between the various types of albinism and 
the two patterns of VEP asymmetry. The mean amplitude of the 
VEPs to all fields of stimulation in the albinos was significantly 
smaller than in the normal population, in line with the lowered 
visual acuity characteristic of this group. 
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High-affinity binding of *H-diazepam and *H-flunitrazepam has 
provided evidence for the presence of benzodiazepine receptors 
on brain neurones'~°. Pharmacological evidence showing a clear 
correlation between receptor affinity and in vivo pharma- 
cological potency for several benzodiazepines’ and a link 
between benzodiazepine receptors and GABA (y-amino- 
butyric acid) receptors at the molecular level®’, indicates that 
these receptors are relevant to the pharmacological and clinical 
effects of benzodiazepines. In searching for possible endo- 
geneous ligands for benzodiazepine receptors we have recently 
isolated ethyl £ -carboline-3-carboxylate (8-CCE) from human 
urine and brain, and shown that 8-CCE has a higher affinity 
than diazepam for brain benzodiazepine receptors’. B-CCE 
itself is probably not present in the brain, but may be closely 
related to an endogenous benzodiazepine receptor ligand’’. We 
report here that B-CCE, in contrast to benzodiazepines, can 
distinguish clearly between benzodiazepine receptors in cere- 
bellum and hippocampus. This result strongly indicates that 
benzodiazepine receptors are not a single class of non-inter- 
acting entities. It has not been possible to determine whether 
two distinct receptors are present and/or whether true negative 
cooperativity exists among hippocampal, but not cerebellar, 
benzodiazepine receptors. 

Purification of human urine, including treatment with hot 
ethanol, yielded 1.78 mg B-CCE"®, which was stored in 50% 
ethanol at 0-4°C for more than 2 months without loss of 
activity, Its identity was confirmed by de novo synthesis and 
crucial experiments were repeated with synthetic material (A/S 
Ferrosan). Crude membrane fractions from different brain 
regions were prepared by homogenization by an Ultra Turrax 
homogenizer in 10 vol of ice-cold 25 mM potassium phosphate 
buffer, pH 7.1, followed by dilution to 100 v/w original tissue. 
Aliquots of 500 ul wére used directly in binding experiments. 
B-CCE test solution (25 wl) was added to assays just before 
*H-flunitrazepam (25 wl, 87 Ci mmol’, NEN) and samples 
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were incubated at 0°C for 40 min. Specific *H-flunitrazepam 
binding was estimated by conventional filtration techniques” 
using 3x 10° M diazepam to assess nonspecific binding. 

The first indication that 8-CCE did not interact like a simple 
competitive inhibitor on a single class of benzodiazepine recep- 
tor came from Scatchard analysis of *H-flunitrazepam binding to 
rat forebrain. These plots were curvilinear in the presence of 
8-CCE" whereas plots without B-CCE never (>200 experi- 
ments) exhibited curvatures. A regional study on rat brain 
revealed that the curvature was most pronounced in the hippo- 
campus and that no curvature was detected in cerebellum 
(Fig. 1). Other brain regions, such as frontal cortex, occipital 
cortex, striatum, hypothalamus and thalamus all exhibited 
curvilinear Scatchard plots for °H-flunitrazepam in the presence 
of B-CCE (data not shown). 
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i (1) 
Ethyl #-carboline-3-carboxylate 


(3-carboethoxy-9H-pyrido [3,4-b] indole: fb-CCE) 


Fig. 1 Ethyl @-carboline-3-carboxylate (3-carboethoxy-9H- 
pyrido{3,4-b]lindole; B-CCE). 


Benzodiazepine receptors can exist in several conformations 
which exhibit different affinities. Various proportions of alter- 
native conformational states in different brain areas might 
account for the observed difference between cerebellum and 
hippocampus. Mixed type inhibition by 8B~-CCE, however, was 
consistently seen in hippocampal synaptosomal membranes 
which had been prepared in various ways known to favour 
different conformational states—for example, membranes pre- 
pared in sucrose*; in membranes washed five times (Tris- 
citrate)''; in washed membranes which were ‘activated’ by 
3x10°°M GABA*"'?: in membranes treated with Triton 
X-100 (0.1%)"*; in partially heat-inactivated membranes (Tris- 
HCI; 15 min at 60°C)"*; in crude membranes prepared in a 
physiological buffer (122 mM NaCl, 4.8mM KCI, 0.97 mM 
CaCl, 1.2 mM MgSO,, 16 mM phosphate, 1 mM ascorbic acid, 
11 mM glucose) and in crude membranes activated by 30 mM 
potassium iodide'* (data not shown). These data indicate that 
curvilinear Scatchard plots were not dependent on any pre- 
viously described conformational heterogeneity. 

Besides the induction by B-CCE of curvilinear Scatchard 
analysis, hippocampal benzodiazepine receptor binding differed 
from cerebellar binding in the displacement potency of B-CCE 
for *H-flunitrazepam. The ICs value for B-CCE, which is the 
concentration displacing 50% of specific *“H-flunitrazepam 
binding, was only 0.36 ng ml™’ (range 0.22-0.57 ng ml™', Hill 
coefficient 0.95+0.02, mean+s.e.m., 2=4) in cerebellum 
compared with 2.7ngml™' (range 1.7-3.6ngml”', Hill 
coefficient 0.75+0.04, mean+ts.e.m., n =4) in hippocampus 
(Fig. 2). 8B-CCE was more potent in displacing *H-flunitrazepam 
in cerebellum than in hippocampus irrespective of the 
membrane preparation used (see above, data not shown). 
Furthermore, cerebellar and hippocampal tissue from mouse 
and pig exhibited about the same difference in affinity for 
B-CCE as did rat brain tissue (data not shown). 

The almost sevenfold higher affinity of B-CCE for cerebellar 
than for hippocampal *H-flunitrazepam binding does not 
unequivocally show that B-CCE possesses higher affinity for 
cerebellar receptors because IC., values depend on the Kp value 
for the *H-ligand. The Kp value for *H-flunitrazepam binding 
was, however, quite similar in cerebellum (Kp = 1.40 +0.08 nM: 
mean +5s.e.m., n = 10) and hippocampus (Kp = 1.34 +0.04 nM; 
mean+ts.e.m., n = 16), excluding regional differences in the 
affinity for “H-flunitrazepam as a major contributor to the 
observed regional differences. 
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The present results clearly show that benzodiazepine recep- 
tors in cerebellum and hippocampus are not identical. One 
interpretation would be that one class of receptor is most 
abundant or exclusively present in cerebellum and that this class 
exhibits high affinity for 8B~CCE. Two or more classes of recep- 
tors are present in hippocampus; at least one of them exhibits 
reduced affinity for 8B~CCE. The observation of Hill coefficients 
below unity is compatible with the presence of more than one 
receptor species in the hippocampus with different affi nities. The 
possible occurrence of receptor heterogeneity in the central 
nervous system was proposed, based on experimental evidence 
showing biphasic dissociation curves’, polyphasic heat 
inactivation curves'* and flat *H-diazepam displacement curves 
with Hill coefficient below unity for some new tri- 
azolopyridazines**. Furthermore, curvilinear Scatchard plots 
for *H-diazepam were found in the brain of lower vertebrates’°. 
Direct evidence for benzodiazepine receptor heterogeneity in 
hippocampus has been obtained in photoaffinity labelling 
experiments using *H-flunitrazepam. SDS-electrophoresis of 
these irreversibly radiolabelled receptors showed two molecular 
species with different molecular weights (MWs) (W. Sieghart 
and M. Karobath, personal communication). 

An alternative explanation for the present results that is 
compatible with both the curvilinear Scatchard analysis and the 
Hill coefficients below unity would be that benzodiazepine 
receptors in hippocampus, in contrast to cerebellar receptors, 
exhibit true negative cooperativity. Solubilization of benzo- 
diazepine receptors reveals MWs of either 50,000 (ref. 17), 
200,000 (ref. 18) or 110,000 (C.B. et al., unpublished), depend- 
ing on the procedures applied, indicating the possible presence 
of dimers or tetramers. Receptors composed of polymer 
subunits in hippocampus might possess mutually interacting 
sites, so that binding of 8-CCE (but not of a benzodiazepine) to 
one site decreases the affinity of the adjacent receptor site for 
benzodiazepines. Apparent negative cooperativity has pre- 
viously been observed for the interaction of a neurotransmitter 
agonist with receptors identified by labelled antagonists'”°. It is 
tempting to speculate that 8-CCE is an ‘agonist’ to ‘antagonistic 
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Fig.2 a, Scatchard analysis of specific *H-flunitrazepam binding 
in rat hippocampus. Crude membrane fractions (2 mg original 
tissue per assay) were incubated with H-flunitrazepam (0.2- 
20 nM) in duplicate as described in the text. Blanks contained 
3x10°°M diazepam. Control (no addition of inhibitor), O; addi- 
tion of ethyl 8-carboline-3-carboxylate, @ (0.56 ng mi”') and W 
(1.1 ng ml"). The results are from a single experiment which was 
repeated three times with very similar results. 6, Scatchard plot of 
H-flunitrazepam binding in rat cerebellum estimated as described 
in a. Control (no addition of inhibitor) ©; addition of ethyl 
B-carboline-3-carboxylate A (0.28 ng ml’) and @ (0.56 ng ml‘) 
The experiment was repeated three times with similar results. 


% specific binding 





0.1 i ‘10 100 
[B-CCE] (ng mi” °) 


Fig. 3 Inhibition of *H-flunitrazepam binding (1 nM) to crude 
membrane fractions of rat hippocampus (©! and cerebellum (A) by 
increasing concentrations of ethyl §-carboline~3-carboxylate 
(0.2-50 ng ml” ') added in duplicate. Total binding in hippocampus 
and cerebellum was 16,200 and 11,600 c.p.m. per assay, respec- 
tively. Nonspecific binding was 6-11% of total binding. Plots are 
representative of four separate experiments. Inset: Hill plots of the 
above data. Hill coefficients were 0.9520.02 and 0.75 +0.04 
(meants.e.m. of 4 values) for cerebellum and hippocampus, 
respectively. 


sites’ labelled by benzodiazepines. Studies of several drug 
receptors show that GTP changes the affinity of agonist binding 
to antagonist sites*’*?. We found no effects of GTP (10 
1074 M) on the affinity of B~CCE in hippocampus or cerebellum 
(data not shown), indicating that any cocperative interaction is 
not dependent on GTP-dependent coupling of the benzo- 
diazepine receptor to adenylate cyclase. 

Much work has gone into developing benzodiazepine deriva- 
tives with more selective pharmacological actions. Clinically 
available benzodiazepines apparently always exhibit anxiolytic, 
hypnotic and anticonvulsant properties in accordance with their 
lack of selectivity for any particular class of benzodiazepine 
receptors. New classes of drugs, such as triazolopyridazines™” 
and derivatives of B-carboline-3-carboxylic acid, may interact 
preferentially with particular classes of receptor and exhibit new 
profiles of action. 


Received 17 March; accepted 2 June 1980. 
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Adrenal corticoids regulate 
sensitivity of noradrenaline 
receptor-coupled 
adenylate cyclase in brain 
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Considerable evidence indicates that alterations in the 
availability of noradrenaline (NA) at postsynaptic sites can 
cause compensatory changes in the NA stimulated cyclic AMP 
generating system in various brain regions. Thus, an increased 
responsiveness to NA has been reported in the limbic forebrain 
and cortex following reserpine or 6-hydroxydopamine'~’. 
Conversely, manipulations which increase the availability of NA 
at receptor sites (monoamine oxidase (MAO) inhibitors, elec- 
troconvulsive treatment (ECT), tricyclic antidepressants) cause 
a decrease in responsiveness**. This up and down-regulation of 
central noradrenergic sensitivity is generally linked to changes 
of the density of 6 -adrenergic receptors’, The findings that 
psychotropic drugs which can either precipitate (reserpine) or 
alleviate (tricyclic antidepressants, MAO inhibitors and also 
ECT) depressive states cause opposite changes in the NA 
receptor-coupled adenylate cyclase system in brain have pro- 
vided the basis for a revised catecholamine hypothesis of 


affective disorders’ ’. It has also been suggested that the pituitary: 


adrenal axis may have a role in mood disorders'?. Since 
manipulation of the levels of corticosterone through bilateral 
adrenalectomy can alter the sensitivity of catecholamine-sensi- 
tive adenylate cyclase systems in preparations from liver’*'* and 
adipose tissue'*, we have tried to determine if corticosterone 
could regulate the NA receptor-coupled adenylate cyclase 
system in brain tissue. We now report that adrenal corticoids can 
alter the sensitivity of this system to NA. 

Male Sprague-Dawley rats weighing 200-250 g were used for 
all experiments. Animals were anaesthetized with ether and the 
adrenal glands removed bilaterally. In sham-operated rats, the 
glands were located but not removed. All animals were given 
free access to both tap water and 3% saline as it has been 
demonstrated that adrenalectomized animals develop a salt 
taste and are thus able to regulate their own salt intake’®. 
Ammals had free access to a standard laboratory diet (Purina) 
and were maintained in standard laboratory conditions (12h 
light-dark cycle). Two weeks following surgery, the animals 
were decapitated, the brains rapidly removed and the frontal 
cortex dissected. For studies of the NA-sensitive adenylate 
cyclase system, the cortex was sliced in one plane at 0.3-mm 
intervals and tissue slices were incubated in Krebs-Ringer 
bicarbonate buffer (pH 7.4,37°C) as previously described’. 
The cyclic AMP response to NA was established by exposing the 
tissue slices to the agonist for 10 min. Following aspiration of the 
buffer solution, the slices were frozen in liquid nitrogen and 
homogenized in 0.3 M perchloric acid. Cyclic AMP was isolated 
by ion exchange chromatography as previously described'’ and 
measured by the protein binding assay of Gilman'®. The effect of 
adrenalectomy on B-adrenergic receptors in the frontal cortex 
was assessed with *H-dihydroalprenolol (DHA) based on the 
method of Bylund and Snyder’*. Binding curves were deter- 
mined over a ligand concentration range of 0.3 to 14nM ina 
final volume of 1 ml. Nonspecific binding was determined in the 
presence of 10 uM (+)-propranolol. The dissociation constant 
(Ka) and maximum binding (Bmax) values were determined by 
Scatchard analysis*°.*Protein was assayed by the method of 
Lowry et al.. The significance of the data was evaluated by the 
2-tailed Student t-test. Drugs were obtained as follows: 
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noradrenaline HC1, isoprenaline HC1, corticosterone, protein 
kinase from beef heart, cyclic AMP (Sigma) *H-cyclic AMP and 
*H-dihydroalprenolol (both NEN). | 

Two weeks following bilateral adrenalectomy the NA- 
induced cyclic AMP accumulation was significantly higher in 
slices from the rat frontal cortex as compared with the cyclic 
AMP accumulation in cortical slices from sham-operated rats. 
Dose-response curves comparing responses in tissue from 
adrenalectomized and sham-operated animals suggest that this 
change in sensitivity to NA is due to a shift in the maximum 
responsiveness of the system (Fig. 1). Significant differences in 
cyclic AMP accumulation occurred at NA concentrations of 100 
and 1,000 uM (68% and 44% respectively}. No significant 
changes in the EC; values were observed. In addition, bilateral 
adrenalectomy appeared not to have any effects on basal levels 
of cyclic AMP (Table 1). 
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Fig. 1 Effect of adrenalectomy on the noradrenaline-induced 
increase in cyclic AMP accumulation in slices of rat frontal cortex. 
Slices of the frontal cortex from either sham-operated or 
adrenalectomized rats (2 weeks post-operative) were exposed to 
varying concentrations of noradrenaline for 10 min. The increase 
in cyclic AMP represents agonist-stimulated cyche AMP levels 
minus basal levels (15.5+41.8 and 13.1+1.8 pmol cyclic AMP 
permg protein in tissue from sham-operated and adrenalec- 
tomized animals respectively). Each point represents the mean of 
13 to 16 samples +s.e.m obtained in four separate experiments. 
ECso values were calculated to be 7.0+2.2 (n = 4) and 12.0+2.5 
(2=4) uM in tissue from sham-operated and adrenalectomized 
animals respectively. * P<0.05, ** P<0.01, as compared with 
sham-operated animals. 


Corticosterone (10 mg perkg) administered to adrenalec- 
tomized rats for 5 days before death completely abolished the 
difference in sensitivity to NA (Table 1). Similar treatment 
elicited only a slight nonsignificant lowering of the accumulation 
of cyclic AMP in sham-operated rats. Again, no significant 
changes were observed in basal levels of cyclic AMP with any of 
these treatments. Also, bilateral demedullation did not produce 
significant changes in the sensitivity of the system to NA. The 
results indicate that the observed change in sensitivity to NA 
after bilateral adrenalectomy is a consequence of the removal of 
the adrenal corticosteroids. 

Although the cyclic AMP accumulation elicited by NA was 
significantly altered following adrenalectomy, no significant 
changes were observed in the response to maximally effective 
concentrations (10 uM) of isoprenaline: 27.6 (s.e.m., 4.2, n, 18) 
and 22.5 (s.e.m., 2.6, n, 18) pmol cyclic AMP per mg protein in 
slices from sham-operated and adrenalectomized animals 
respectively. Only slight, nonsignificant changes occurred in the 
Bmax Value for specific *H-DHA binding. In tissue from sham- 
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Table 1 Effect of corticosterone on adrenalectomy induced change in 
sensitivity of the noradrenaline sensitive adenylate cyclase system in 
frontal cortex 





Cyclic AMP response to noradrenaline 
(100 uM) 
(pmol per mg protein +s.e.m.)} 


Minus corticosterone Plus corticosterone 


48.8+4.8 40.0+3.2 
68.7+4.1* 37.11.97 


Sham-operated 
Adrenalectomized © 





Corticosterone: (10 mg per kg) or vehicle (corn oil) were administered 
subcutaneously to adrenalectomized and sham-operated rats for 5 days 
preceding death (injections started 9 days post-operation). The cyclic 
AMP response to 100 »M noradrenaline equals the agonist-stimulated 
level minus the basal level. Basal levels in pmol per mg protein +s.e.m. 
were as follows: sham-vehicle, 14.5+ 1.1; sham-corticosterone, 16.6 + 
1.4; adrenalectomy-vehicle, 14.7+1.1, adrenalectomy-corticosterone, 
13.2+ 1.0. Each value represents the mean of 8 samples for basal levels 
and 12 samples for agonist-stimulated levels. 

* P<0.01, as compared with sham-operated rats not receiving corti- 
costerone. 

+ P<0.001, as compared with adrenalectomized rats not receiving 
corticosterone. 


operated rats Bmax was 244 fmol per‘mg protein (s.e.m., 24; n, 
6) versus 276 fmol per mg protein (s.e.m., 24; n, 6) in tissue 
from adrenalectomized rats. Also, no significant changes in Ka 
values were found: 2.59 nM (s.e.m., 0.08; n, 6) and 2.83 nM 
(s.e.m., 0.08; n, 6) for sham-operated and adrenalectomized 
animals respectively. 

In the liver, it has been demonstrated that the enhanced cyclic 
AMP response after adrenalectomy is associated with an 
increase in the number of 8-adrenergic receptors”. The results 
of the present studies suggest that the altered cyclic AMP 
response to NA in cortical slices following bilateral adrenalec- 
tomy is mainly a consequence of changes in a non-f-receptor- 
mediated portion of the adrenergic cyclic AMP generating 
system. 

Interestingly, it has been reported that chronic stress can 
decrease the sensitivity of this system*’. Since chronic stress and 
antidepressant treatments both produce subsensitivity of the 
NA receptor-coupled adenylate cyclase system, Stone™ has 
proposed subsensitivity to NA as a link between adaptation to 
stress and antidepressant therapy. Although it can be concluded 
from the present studies that alterations in the level of adrenal 
steroids can either directly or indirectly alter the sensitivity of 
the NA receptor-coupled adenylate cyclase system in brain 
tissue, both the molecular mechanisms accounting for the 
observed sensitivity changes and the role of the hypothalamus- 
pituitary—adrenal axis in affective disorders remain topics for 
further study. 

This study was supported by USPHS grant MH-29228, a 
Fellowship by Hoffmann-La Roche (P.L.M.) and by the 
Tennessee Department of Mental Health and Mental Retar- 
dation. 
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Cyclosporin A (CS-A) is an unusual endecapeptide isolated 
from the fungi Cylindrocarpon lucidum Booth and Tri- 
choderma polysporum'. It is a potent immunosuppressive drug 
that prevents rejection of kigney’~ and heart“ a ts whilst 
having a low myelotoxicity . iclear but 


















its main target appears to be the T lympho cyte”. The mixed 
lymphocyte reaction (MLR) and cell-mediated lyn phocytoxi- 
city (CML) used here are generally regarded as in vitro cor- 
relates of allograft rejection’. Our data show that CS-A is a 


powerful inhibitor of MLR reactivity, regardless of whether the 
cells were obtained from normal or presensitized donors; that 
the CML of lymph node cells is likewise totally inhibited if the 
drug is added early during cell culture; and that, by contrast, the 
cytotoxic response of spleen cells from presensitized but not 
from normal mice is only partially inhibited, even with a tenfold 
increase in dose. It is therefore suggested that there exists a 
population of cytotoxic spleen cells that is relatively resistant to 
the action of this drug. 

Cyclosporin A (CS-A) was added at different times after 
initiation of MLR between CBA (H-7%) fears cells and 
irradiated BALB/c (H-2°) or DBA/2 (H-2°) splenic stimulator 
cells (Fig. 1). The presence of CS-A ‘rom the beginning of 
culture caused almost complete inhibition of ~H-thymidine 
CH-Tdr) incorporation. Addition of the drug at later times was 
also effective in inhibiting further proliferative responses. (All 
experiments were done at least twice, with closely similar 
results.) 

Inhibition of MLR was dose-dependent (Fig. 2). At an initial 
concentration of either 0.125 or 0.25 pg ml’, CS-A severely 
inhibited the primary MLR response whereas lower concen- 
trations, 0.05 and 0.01 pg ml”! (the latter not shown), were far 
less effective. MLR cultures of lymph node cells from mice 
presensitized in vivo one month before, dy either a skin graft or 
via allogeneic spleen cells injected intraperitoneally, showed a 
similar response to the drug. Here the untreated control cells 
from presensitized donors produced an earlier though lower 
peak in the MLR. Depression of MLR after in vive presen- 
sitization has previously been described by Cooley’®, who 
suggested that it was brought about by e:ther a redistribution of 
subpopulations of lymphocytes in the animal or the elimination, 
during culture, of some of the stimulator cells by preformed 
cytotoxic cells. In our experiments the presensitized cells gave 
normal primary MLR responses to third-party spleen cells 
(C57B1, H-2°) and these cultures were similarly inhibited by the 
same concentrations of CS-A (not shown}. 
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The same range of CS-A concentrations also impaired the 
generation of cytotoxic lymphocytes from cultures of both 
normal and presensitized spleen and lymph node cells (Fig. 3). 
Thus, cytotoxicity after 5 days of culture was abolished when 


CS-A was added on day 0. Whereas addition of the drug on day. 
1, and to a lesser extent on day 2, partially inhibited cytotoxicity, 


such an effect was no longer demonstrable when the drug was 
added on day 3. Similar results were obtained when the cells 
were cultured for 6 rather than 5 days, indicating an early and 
lasting impairment of the capacity to produce cytotoxic cells. 
Addition of CS-A at later times affected the cytotoxic response 
of normal cells more strongly than that of presensitized cells and 
this probably reflects the more rapid development of cytotoxic 
cells in the latter''. Ethanol, the CS-A solvent, did not affect 
CML responses at the appropriate concentration: nor was the 
drug directly cytotoxic as judged by the low background of 
radioactivity released by *'Cr-labelled target cells when 
incubated with the drug at 1 wg mi~’. However, when cytotoxic 
cells were assayed in the presence of 1 pgml™' CS-A, *'Cr 
release was reduced from a control value of 68.3% to 344 3%. 
This suggests that mature cytotoxic lymphocytes are susceptible 
to the action of CS-A but that they are less vulnerable than MLR 
and/or CML precursor cells. It is unlikely that CML suppression 
was due to retention of the drug, because addition of CS-A to 
control CML cultures on day 5, followed by 30 min incubation 
and two washes, had no effect on the level of cytotoxicity. 

The action of CS-A on the generation of cytotoxic cells, too, 
was dose-dependent (Fig. 4). CML cultures derived from 
normal spleen cells incubated with 0.06 ug ml~' or more showed 
little or no cytotoxicity. Higher doses (0.125 wg ml™') were 
required to obtain significant inhibition of cytotoxicity when 
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Fig. 1 MLR of mouse spleen cells after addition of CS-A at 
various times after beginning of culture. MLR’s were performed in 
microtest plates, with each well containing 5 x 10° CBA responder 
cells and 5x 10° irradiated (2000R) BALB/c stimulator cells in 
0.2 ml RPMI 1640 medium, supplemented with 10% fetal calf 
serum, 2 mM glutamine, 3 x 10°” M 2-mercaptoethanol, 24 mM 
sodium bicarbonate, penicillin (Liu per ml) and streptomycin 
(1 pg ml 1). The cells were incubated at 37°C in a humidified 
atmosphere of 5% CO,: 95% air and pulsed with 1 pCi °H-Tdr at 
370 mCi mmol’ 18h before the cells were collected. CS-A was 
dissolved in ethanol and added to the cultures at different times 
(indicated by arrows) to give a final concentration of 1 pg mI tof 
CS-A and 0.5% ethanal. The addition of ethanol only did not affect 
the MLR (data not shown). A, Control; @, experimental curves 
after addition of CS-A; broken lines, postulate of curves after 
addition of CS-A. 
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using cells from presensitized donors, and even a tenfold 
increase (1 ag ml’) failed to suppress the response completely, 
despite the fact that at this higher concentration the response of 
presensitized lymph node cells had been abolished (see Fig. 3). 
This, together with the sharp break in the curve for presensitized 
cells of Fig. 4, strongly suggests that there are at least two 
subpopulations of cytotoxic lymphocytes, with differing sensi- 
tivities to the drug. That preformed cytotoxic cells are less 
susceptible to CS-A suppression has already been shown above 
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Fig. 2 Addition of different doses of CS-A to cultures of normal 

or presensitized CBA lymph node cells and DBA/2 stimulator 

spleen cells. CS-A was added at the beginning of culture. For 

conditions of culture, see legend to Fig. 1. Solid lines, normal cells; 

broken lines, presensitized cells; A, controls; @, 0.05 ug mi: O, 
0.125 pg ml`*; W, 0.25 pg mi” 


and it is therefore to be assumed that the drug-resistant sub- 
population consists of preformed cytotoxic cells present in the 
spleens of mice sensitized in vivo. We have not, however, looked 
directly for the presence of cytotoxic effector cells in the spleens 
of in vivo sensitized mice, and others” have failed to find them 4 
weeks after skin graft sensitization, albeit in a different strain 
combination. It should also be said that while it is reasonable to 
assume that the cells inhibited at the proliferative stage of MLR 
are cytotoxic precursors, we cannot exclude the possibility that 
an entirely different subpopulation of cells, such as T helper 
lymphocytes, is involved. 

These results suggest that higher concentrations of CS-A 
would be required in vivo to suppress T-dependent immune 
responses in presensitized animals, and preliminary results of 
skin grafting experiments are consistent with this prediction. 

Our MLR data confirm the reports of others'*'* who have 
shown that CS-A suppresses the response of lymphocytes to 
mitogens such as phytohaemagglutinin and to histocompatibility 
antigens in MLR. We have shown, further, that the drug is a 
potent inhibitor of CML provided that it is added in the first 48 h 
of culture. The similarity between the concentration of CS-A 
required to inhibit CML and MLR suggests that the suppression 
of CML is brought about, essentially, by inhibition of the 
proliferative responses required for the generation of cytotoxic 
cells; it also provides an explanation for the residual cytotoxic 
activity in presensitized spleen CML’s. 
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Fig. 3 Addition of CS-A at different times during the course of 
CML culture between normal or presensitized CBA lymph node 
cells and DBA/2 stimulator spleen cells: effect on generation of 
cytotoxicity. CBA responder cells were incubated with irradiated 

DBA/2 stimulator. spleen cells in a ratio of either 1:2 or 2:1 in 
10 ml RPMI medium supplemented as described in the legend to 
Fig. 1, at a total concentration of 3.75 10° ml™’. CS-A was 
dissolved in ethanol and added either at the beginning of the 
culture or during the course of the next 5 d, to a final concentration 
of 1 ug mi~". The 25 ml flasks were incubated upright at 37°C ina 
humidified atmosphere of 5% CO,:95% air. The cells were 
collected after 5 d and tested for cytotoxicity in a 4 h * ‘Cr release 
assay. Equal volumes {100 pl) of effector cells (at 4 x 10° mi~’) and 
51Cr-labelled PY815 mastocytoma target cells (at 10° mi~*) were 
incubated in microtest plates for 4 h at 37 °C. The plates were spun 
at 200g for 5 min, and.100 ul of supernatant from each well was 
counted. Cytotoxicity (%) was calculated according to the formula: 
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Background release of radioactivity from the target cells was never 

more than 10% and usually less than 5% of the total amount 

incorporated. A, Normal; @, presensitized. Error bars indicate 
+1 s.e.m. 
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Fig. 4 Addition of different doses of CS-A to CML cultures of 

either 25x 10° normal or presensitized CBA spleen cells and 

12.5 x 10° DBA/2 stimulator spleen cells: effect on generation of 

cytotoxicity. CS-A was added at the beginning of culture. For other 

details, see legend to Fig. 3. Cytoxicity assays were carried out after 

5d of culture. A, Normal; @, presensitized. Error bars indicate 
+1 s$.e.m. 
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CS-A may therefore not be an ideal agent for the reversal of — 


rejection crises in clinical transplantation or in the treatment of E 


presensitized graft recipients. 
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Acute anterior uveitis is a relatively comme on disease of 
uncertain aetiology. Its association with a ae variety of 
systemic disorders including. ankylosing spondylitis, Reiter's 
syndrome, Behcet’s disease, juvenile rheumatoid arthritis, 
psoriatic arthritis, inflammatory bowel disease and sarcoidosis 
and the prevalence of the HLA antigen B27 (ref. 1) in cases 
without associated disease have been noted but not explained. 
In general, animal models for uveitis have not clarified the 
mechanism of human disease. Most require direct intravitreal 
injection’ or repeated immunizations with retinal or uveal 
antigens’. Uveitis does occur in adjuvant arthritis, a syndrome 
that can be produced in rats by the systemic injection of pepti- 
doglycan from the cell wall of a variety of Gram-positive 
bacteria*. The disease, which was initially described following 
the injection of mycobacteria i in mineral oil, has many similari- 
ties to Reiter’s syndrome’, including the development of eye 
pathology in as many as 40% of the animals“. As Reiter’s 
syndrome is associated with enteric Gram-negative infections 
such as Shigella, Salmonella and Yersinia, we sought to 
produce an arthritis in rats by injecting killed Gram-negative 
bacteria. Although we have not observed clinical arthritis in 
these animals, careful histological study has shown the nesr- 
universal appearance of uveitis. The studies described below 
indicate that the eye disease is due to a portion. of the bacterial. 
cell wall known as endotoxin or lipopolysacch: ride (LPS). 

The typical eye histology produced is shown in Fig. 1. This 
response could be produced by 1 mg of Escherichia coli, Kleb- 
siella or Shigella but not by 1 mg of Staphylococcus or by 0.1 mg 
of E. coli. The different response following Gram-negative as 
opposed to Gram-positive bacteria encouraged us to assess the 
reaction to endotoxin alone. 

In Lewis rats, we were able to induce uveitis by intravenous or 
intraperitoneal (i.p.) injections of LPS as well as LPS by the 
footpad route (f.p.). Comparable abnormal histology was also 
noted when the source of LPS was extracted from Shigella 
flexneri or Shigella sonnei by the Westphe> method. Preliminary 
studies show that the lipid A portion of L?S as obtained by acid 
hydrolysis and solubilized by coupling to bovine serum albumin? 
could itself induce uveitis. 
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Fig. 1 The top photomicrograph shows many inflammatory cells 
near the iris (I), anterior chamber (AC) and ciliary body (CB) of a 
rat eye. A marked proteinaceous exudate is present in the anterior 
chamber adjacent to the iris. The cornea (C), retina (R) and lens (L) 
are also labelled for orientation. The photomicrograph below is a 
higher-power view showing that the infiltrating cells are both 
polymorphonuclear leukocytes and mononuclear cells, Lewis rats 
(~250 g), usually 4-6 months old, were used. Bacteria were grown 


overnight in thioglycollate broth, killed with formalin, washed | 


three times with saline, and lyophilized. Bacteria included E. coli, 
Klebsiella, S. sonnei and $. aureus, coagulase positive. Bacteria 
were injected with 0.1 cm* of a mineral oil suspension asceptically 
into the footpad of a rat that had been lightly anaesthetized with 
ether. Eyes were obtained 48 h later, after the animal had been 
killed with ether and exsanguination. Eyes were fixed in 10% 
neutral buffered formalin and stained with haematoxylin and eosin. 
Eye pathology was evaluated by two of us (R.G. and P.E.) without 
knowledge of the treatment received. Eyes were considered to 
demonstrate uveitis only if a representative cross-section 
contained five or more inflammatory cells, either poly- 
morphonuclear leukocytes or lymphocytes, in the anterior cham- 
ber, posterior chamber or vitreous. In most abnormal eyes a 
proteinaceous exudate was also apparent. This definition of disease 
permitted complete concordance by the two observers. 
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A dose-response curve showed that no detectable changes 
were present 48 h after 10 ug of E. coli LPS injected f.p. but that 
50 wg f.p. or 300 ug i.p. produced reactions comparable to that 
following 100 ug. A dose of LPS sufficient to produce eye 
disease induced no significant abnormalities in the heart, lung, 
liver, kidney, spleen, skin, intestine or marrow as judged by light 
microscopy. 

Eyes studied 1 h after an injection of 100 ug LPS f.p. showed 
no significant abnormality but by 4h, cells were beginning to 
accumulate. The disorder was maximal around 48 h, was still 
present, although declining, 96 h after the injection, and could 
not be detected 1 week after the injection. When LPS was 
administered twice over a 3-week period, the disease recurred, 
but multiple doses of LPS over several weeks tended to abolish 
or markedly diminish the disease. 

In total, bilateral uveitis was seen in all 23 animals 48 h after 
either 1 mg of lyophilized Gram-negative bacteria or 100 ug 
LPS given by a variety of routes, in a variety of strains and froma 
variety of sources (see Table 1). Although a contaminating 
substance cannot be completely discounted, the reaction seems 
to be due to endotoxin, in particular the lipid A portion of 
endotoxin, as argued by its appearance after various Gram- 
negative bacteria but not after Staphylococcus aureus injection 
and by its occurrence following injection of LPS from different 
sources. 

The absence of cellular abnormalities in other tissues is 
surprising but it might be predicted from the work of other 
investigators who have noted that doses of LPS sufficient to 
cause death (approximately 5 mg in a rat) produce relatively 
little histological change’. The amelioration of disease after 
repeated injections is reminiscent of the phenomenon of 
tolerance to endotoxic shock’’. 

The concept that bacterial products might induce uveitis is not 
a novel one. Woods first described ‘poisons’ from bacteria 
“which have a definite action upon the uveal tract in the eye” 
(ref. 11). Others have used live bacteria, primarily streptococ- 
cus, and succeeded in producing uveal changes in a minority of 
rabbits at variable times after injection’. For a time, elimination 
of potential foci of infection such as tonsils or carious teeth was 
in vogue as a method for treating uveitis'*. Attention focused 
specifically on endotoxin when Ayo reported a ‘toxic ocular 
reaction’ in rabbits that was ascribed to ‘Shwartzman toxins’ 
(ref. 14), This response could include an iridocyclitis but disap- 
peared within 24h and specifically could not be produced in 
rats'°. A change in ocular vascular permeability following 
intravenous endotoxin had been noted within 1 hin the rabbit’®. 
Others have reported that intravenous endotoxin produces an 
aqueous cellular response in less than 5% of rabbits, although 
cells in the uvea are common’’, 

Endotoxin-induced disease differs markedly from the eye 
findings in adjuvant arthritis in that the reaction occurs within 
24h of the immunization whereas eye findings in adjuvant 
disease never occur before 8 days after injection and are maxi- 
mal at 10-15 days. Eye disease occurs in only a minority of 
susceptible animals in adjuvant disease“, but seems to be near 
universal in rats after LPS injection. 

Circumstantial evidence suggests that this model might have 
relevance for human disease. The most obvious link is with 
Crohn’s disease and ulcerative colitis. In both of these, circulat- 
ing endotoxaemia may develop with active disease". 

In Reiter’s syndrome a variety of Gram-negative dysenteries 
may provoke arthritis and uveitis’. In Behcet’s syndrome, bowel 
pathology could conceivably account for a source of endotox- 
aemia. As endotoxin is known to release lysozyme'”’, the ele- 
vated lysozyme levels seen in Crohn’s disease*’, ulcerative 
colitis”? and Behcet’s disease?’ as well as in sarcoidosis could be 
related to endotoxin or a stimulus with endotoxin-like activity. 
Because uveitis in man is closely linked to the HLA antigen B27 
(ref. 22), an important advantage of a rat as opposed to a rabbit 
model, is that the role of the major histocompatibility complex 
(MHC) can be explored. The variety of strains susceptible to 
endotoxin-induced uveitis suggests that the effects of LPS are 
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Table 1 Variety of strains susceptible to endotoxin-induced uveitis 





No. injected with LPS/ No. of controls/ 


Strain no. with uveitis no. with uveitis 
Lewis 3/3 3/0 
Wistar~Lewis 2/2 2/0 
Wistar fi 
Lea-X 1/1 
BC 1/1 
Fischer o 1/1 
Buffalo - 2/2 2/0 
Sprague-Dawley » 2/2 2/0 
Long Evans cje 2/0 
ACI 2/2 1/0 
Totals 17/17 12/0 


cc asa cn eimai inl 

Male rats (200-250 g) were injected in the footpad with E. coli LPS 
055 (Difco) after light ether anaesthesia. The dose was 100 pgin 0.1 cm? 
of saline. Control rats with the exception of the Lewis rats were given an 
injection of sterile saline alone. Eyes were removed 48 h after injection. 
Methods for histology and criteria for uveitis were identical to that used 
following the injection of whole bacteria. Disease was bilateral in all 
cases. 


not restricted by the MHC. However, if the claimed cross- 
reaction between Klebsiella and HLA-B27 is confirmed’, 
B27-positive individuals might be predisposed to endotoxaemia 
through either mimicry or a receptor’? phenomenon for a 
Klebsiella product. This putative cross-reaction with a Gram- 
negative bacteria might explain the frequency with which Kleb- 
siella is found in the stool of ankylosing spondylitis patients 
before a flare of uveitis”. 

An alternative explanation for the relationship between the 
MHC and uveitis is that LPS is only one of several factors 
responsible for disease in man, with a second factor being 
determined by an immune response gene within the MHC. For 
example, intravitreal injection of endotoxin can predispose the 
eye to immune complex deposition?” and preliminary evidence 
in our laboratory suggests that systemic endotoxin might also 
facilitate immune complex deposition in the eye. Such a dual 
causality model would account for both the observed MHC 
association and the lack of strain nen for the endotoxin 
effects. 

Current work in our laboratory is aimed at establishing the 
mechanism of disease in the animal model, testing the possible 
relevance of the animal disease to uveitis in man, and exploring 
the potential role of endotoxin in the induction of arthritis and 
immune complex uveitis. 

We thank Ms Bonnie Paschal and Ms Priscilla Hendricks for 

technical assistance, and Dr Jon C. Ross for interpreting slides of 
organs other than the eye. Shigella strains were from Dr John 
Shively, E.coli LPS from Drs Stuart Koretz and Samuel 
Strober, and Lewis rats from Simonsen Laboratories, Micro- 
biological Associates or the breeding colony of Dr Irving 
Weissman. 
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There is evidence that carcinoma of the cervix uteri is associated 
with infection with herpes simplex virus type 2 (HS8V-2), and 
although indirect evidence suggests an seti al relation- 
ship“, this remains controversial”, One facet e problem is 
that complement-dependent cytotoxic antibc to eal en 
infected cells have been undetectable or fount il 
in sera from patients with progressive cervical cancer whereas 
higher titres have been found where cervical lesions are less’ 
advanced’. adera, cytotoxic arpe tit res hi we benit fonnd 























assumes the presence of HSV-2-spec ci ifi 
tumour celis. We now provide support for 
evidence that absorbed HSV -2-specific antibo 
from cervical cancer tissue. 

Elution of bound immunoglobulin from freshly removed 
tissues from six patients with cervical cancer, stage I (five 
patients with squamous cell carcinoma, one with adenocar- 
cinoma), one patient with ovarian cancer, two patients with 
uterine fibroids, three patients with squamous cell carcinoma of 
the skin and from three normal uterine cervices was achieved by 
treatment with 15% NaCl (pH 7.4) at 37°C (ref. 12). The 
protein content of the eluates was estimated’* and the class of 
immunoglobulin present was determined by polyacrylamide gel 
electrophoresis using purified human serum IgM, IgG and IgA 
as markers. Although the eluates from all tissues contained 
proteins, IgG was the only detectable immunoglobulin eluted 
from all squamous cell carcinoma tissues as well as cervical 
adenocarcinoma tissues (Table 1). Tissues from uterine fibroids 
and normal cervix failed to yield any immunoglobulin by the 
technique used. The nature of other protein(s) present in the 
eluates was not determined. 

Complement-dependent cytolytic activity of the eluate was 
assayed on *'Cr-labelled BHK-21 cells infected 22-24 h pre- 
viously with HSV-1 or HSV-2, at a multiplicity of infection of 
3-5 plaque forming units (PFU) per cell’*. The eluate (0.1 ml) 
was diluted 1:5 in Tris-buffered saline, pH 7.2, mixed with 
5 x 10* cells and incubated at 37 °C for 60 min. Then, 0.2 ml of 
fresh guinea pig complement diluted 1:10 was added and the 
mixture was incubated at 37 °C for another 90 min. The cytolysis 
was stopped by adding 2 ml of cold Tris-diluent to each tube, 
which was then centrifuged at 600g for 3 min at 4°C, Aliquots 
(1 ml) of the supernatant were transferred to another tube and 
counted for radioactivity in a Packard automatic y spec- 
trometer. Each test included: labelled cgils only, which were 
frozen and thawed in distilled water for maximum **Cr release, 
cells with eluate alone to control for eluate toxicity, and cells 


ppuo 
lies c can be eluted 





0028-0836/80/320613---03$01.00 





Ferrer 


) 1980 Macmillan Journals Lad 






614 Boy 5 a E wee | Nature Vol 286 7 August 1980 


Table 1 Complement-dependent antibody-mediated lysis of infected (HSV, vaccinia) and uninfected BHK-21 cells by the eluates from cancer and normal tissues 





Tissue processed Lysis by the eluate* of °"Cr-labelled BHK-21 cells 
Protein Class Virus Maximum Spontaneous Eluate 
conc. of of Ig infecting release release toxicity Test % 
Weight eluate present BHK-21 control control control release Specific 
Source {g} (ng mi~’) in eluate cells (c.p.m.)} (c.p.m.) (e.pom.jt {c.p.m.) releaset 
Squamous cell cancer of 2.045 300 IgG HSV-1 2,365 278 139 1,655 66 
cervix stage I HSV-2 2,476 369 147 2,471 100 
Vaccinia 3,565 581 350 397 0 
None 3,972 307 152 187 0 
Squamous cell cancer of 1.80 111 IgG HSV-1 2,365 278 # 172 487 10 
cervix stage I HSV-2 2,476 369 185 685 15 
| Vaccinia 3,565 581 337 382 0 
F i None 3,972 307 147 182 0 
Squamous cell cancer of 1.40 83 IgG HSV-1 2,365 278 181 491 10 
cervix, stage I HSV-2 2,476 369 177 643 13 
: Vaccinia 3,565 581 386 453 0 
None 3,972 307 175 208 Q 
Squamous cell cancer of 0.630 233 IgG HSV-1 1,973 205 114 346 8 
cervix, stage I , | HSV-2 1,791 211 127 371 10 
Vaccinia 3,565 581 275 346 0 
None 3,972 307 182 211 Q 
Squamous cell cancer of 2.255 620 IgG HSV-1 1,973 205 121 435 13 
cervix, stage I HSV-2 1,791 211 113 451 15 
r Vaccinia 3,565 581 285 369 0 
None 3,972 307 197 218 0 
Squamous cell cancer of skin 1.90 120 IgG HSV-1 2,789 383 211 219 0 
HSV-2 2,561 367 207 251 0 
Vaccinia 2,856 309 259 281 0 
None 3,331 218 101 123 0) 
Squamous cell cancer of skin | 2.35 185 IgG HSV-1 2,789 383 195 238 0 
7 HSV-2 2,561 367 219 227 0 
Vaccinia 2,856 309 272 285 0 
None 3,331 218 111 139 0 
Squamous cell cancer of skin 2.13 163 IgG HSV-1 2,789 383 203 213 0 
; HSV-2 2,561 367 189 256 0 
Vaccinia 2,856 309 223 249 0 
None 3,331 218 137 148 0) 
Adenocarcinoma of | 2.125 244 IgG HSV-1 | 2,365 278 141 173 0 
cervix, stage I | i HSV-2 2,476 369 163 210 0 
Vaccinia 3,565 581 277 381 0 
| 7 | None 3,972 307 161 201 0 
Ovarian carcinoma 1,95 ND ND HSV-1 1,973 205 179 191 0 
HSV-2 - 1,791 211 151 177 0 
Vaccinia 3,565 $81 309 403 0 
None 3,972 307 153 192 0 
Fibroid uterus 4.010 540 Nil HSV-1 2,365 278 143 201 0 
HSV-2 2,476 = 369 147 258 0 
Vaccinia 3,565 $81 367 411 0 
None 3,972 307 148 207 0 
Fibroid uterus 1.41 140 Nil HSV-1 2,365 278 137 161 0 
| HSV-2 2,476 369 151 207 0 
Vaccinia 3,565 581 -352 275 0 
none 3,972 307° 129 192 0 
Normal cervix . 1.13 540 Nil HSV-1 1,973 205 127 141 0 
| HSV-2 1,791 211 146 179 0 
Vaccinia 3,565 581 321 238 0 
None 3,972 307 208 222 0 
Normal cervix 2.22 80 Nil HSV-1 1,973 205 141 159 0 
; HSV-2 1,791 211 110 143 0 
Vaccinia 3,565 581 387 259 Q 
None 3,972 307 179 215 0 
Normal cervix 1.85 190 Nil HSV-1 1,973 205 136 147 0 
HSV-2 1,791 211 161 169 0 
Vaccinia 3,565 581. 283 197 0 
None 3,972 307 182 229 0 


scintillation enemas oe inn min ws cia 
Each tissue was minced finely and passed through a 60-wire mesh screen to obtain a cell suspension. It was washed 15 times with 10-mi volumes of phosphate-buffered 
saline (0.025 M PBS, pH 7.4) and the UV absorbance of the supernatant after the 15th wash was checked at 280 nm wavelength in a spectrometer. No further washing was 
done if A was less than 0.025. When it was more, additional washings were given until A was less than 0.025, The pellet was then suspended in 5 ml of 15% NaCl (pH 7.4) 
and incubated at 37 °C for 2 h. After that, it was centrifuged at 10,000 for 10 min, and the sediment was re-extracted with 15% NaCl. The supernatants of both extractions 
were pooled and dialysed against 500 ml of PBS for 24 h with two changes of buffer. It was then centrifuged at 36,000g for 1h and the supernatant was collected and 
concentrated 10-fold by vacuum dialysis. It was centrifuged at 5,000g for 30 min and the clear supernatant was taken as eluate for further testing as described in the text. 
ND, Not done. 
* A 1:5 dilution of the eluate was tested. 
test release (c.p.m.} ~ spontaneous release (c.p.m.) 


x100. 
maximum release (c.p.m.)— spontaneous release (c.p.m.) , 
t Values of eluate toxicity controls are always less than spontaneous release control. In cases where the values of the former are greater than the latter, the eluate is too 


toxic to be tested. e 


+ % Specific release = 
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with complement alone as a control for spontaneous “Cr 
release. All test systems, including controls, were carried out in 
duplicate and their c.p.m. were averaged. The cytolytic antibody 
activity was expressed as the per cent specific release of “'Cr 
according to the formula’” | 


ok Ei bg PEE 
: release in the presence of eluate and 
% Specific OTTE ea P 


release - 
| Maximum release — spontaneous release | 


The eluates from cervical squamous cell carcinoma produced 
8-66% lysis of HSV-1 infected cells and 10-100% lysis of 
HSV-2-infected cells (see Table 1). The cytolytic pattern of the 
eluates suggests the presence of antibody activity to cross- 
reacting antigens of HSV-1 and HSV-2. However, the cytolytic 
activity was more pronounced against HSV-2-infected cells. 
Specificity of the antibody activity was established by the failure 
of the eluates to lyse vaccinia-infected BHK-21 cells'® or unin- 
fected BHK-21 cells. Moreover, eluates from other tumour 
tissues as well as normal healthy cervix did not show any 
cytolytic activity against infected or uninfected BHK-21 cells. 

Each tissue was also tested for the presence of virus. A portion 
of tissue was ground in a homogenizer and 0.1 ml of the homo- 
genate was inoculated onto two stationary cultures of Vero cells 
grown in Eagle’s minimum essential medium (MEM) supple- 
mented with 5% calf serum. The cultures were incubated at 
37°C and observed for 14 days. None of the homogenates 
produced a cytopathic effect suggestive of HSV. Furthermore, 
three tissues from squamous cell carcinoma of the cervix, three 
tissues from squamous cell carcinoma of the skin, one tissue each 
from adenocarcinoma of the cervix, uterine fibroid and normal 
cervix were minced separately into 1-mm° explants and co- 
cultivated with monolayers of Vero cells which were then fed 
with MEM containing 20% fetal calf serum'’. The cultures were 
observed for 8 weeks for cytopathic effects before they were 
discarded. No virus was recovered on co-cultivation. 

These data indicate the presence of HSV-specific antigens on 
the tumour cells of squamous cell carcinoma of the uterine 
cervix in the absence of apparent infection of these cells by the 
virus. However, latent or abortive infection of the tumour tissue 
by HSV cannot be definitely excluded, even though no HSV was 
isolated from any cervical cancer tissues. 

Evidently, HSV-specific cytotoxic antibodies had been 
absorbed from the blood of the patients with cervical cancer in 
vivo by HSV-specific antigens present on the tumour cells. This 
absorption seems to be specific for squamous cell carcinoma of 

the cervix, as HSV-specific immunoglobulins could not be 
eluted from squamous cell carcinoma of the skin. The absorbed 
antibody may be either functioning as blocking antibody in 
tumour enhancement’® or involved in the cell-mediated 
destruction of the tumour cells’’. Furthermore, the absence of 
HSV-specific antigens in tissues from squamous cell carcinoma 
of the skin, ovarian carcinoma and uterine fibroids strongly 
suggests a role of HSV in the aetiology of squamous cell 
carcinoma of the uterine cervix. 

On the basis of the present data, it is difficult to understand 
how the low titres of HSV-cytolytic antibodies in the sera of 
patients with progressing cancer of the cervix could arise from 
absorption of antibodies by the tumour cells'”. However, the 
presence of circulating immune complexes in the sera of patients 
with cervical cancer’? might interfere with the assay of cytolytic 
antibodies by the *'Cr-release test, and absorption of antibodies 
by the tumour cells may account for depletion of only a small 
portion of cytolytic antibodies from the circulation. 

These results, although obtained using only a few patients, are 
nevertheless striking. As no infective virus could be detected or 
reactivated, it is tempting to suggest that the virus-specific IgG is 
adsorbed to virus-specified determinants on the neoplastic cells. 

We thank Drs V. L. Bhargava, S. Kumar and D. Ghosh for the 
clinical material and Drs L. N. Mohapatra, S. Balaya and R. 
Kumar for their advice. 
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How many types of erythroleukaemia 
are induced by retroviruses in mice? 


Rita Anand & Richard Steeves* 
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Erythroleukaemia, until now defined by morphological criteria, 
has been observed in mice infected wth several distinct viro- 
logical entities, including the polycythaemia-inducing strains of- 
Friend virus complex (FV-P)*’, the ansemia-inducing strains of 
Friend? and Rauscher** virus compiex (FV-A and RV-A, 
respectively) and various helper-independent virus isolates 
derived from the FV-A° or RV-A’ complexes. Whereas eryth- 
roleukaemia develops rapidly (within 2-3 weeks) in mice 
infected with any strain of FV or RV, the helper-independent 
virus alone is pathogenic in mice oaly if they are infected 
neonatally“. We now describe how two biological markers can 
be used to distinguish among the otherwise confusing array of 
virus-induced erythroleukaemias in mice. The evidence suggests 
that there are three different classes of this disease: (1) these 
(S*E*) from which both defective spleen focus-forming virus 
(SFFV) and erythropoietin-independent, erythroid colony- 
forming units (CFU-EI) can be recevered, (2) those (S"E™) 
from which only SFFV (but not CFU-ZT) can be recovered, and 
(3) those (SET) from which neither SFFV nor CFU-EI can be 
recovered. There is a consistent association between the type of 
virus used to induce the erythroleukzemia and the class of the 
disease induced. f 

Since Friend's isolation of a virus that rapidly induced “a 
disease having the character of a leukaemia” (ref. 8), there have 
heen many reports on Friend virus, some containing different 
interpretations of the disease induced by this virus’”'”, others 
describing different host responses *o different strains of the 
virus! 7, and still others describing different isolations of 
similar viruses which induce diseases similar to that induced by 
Friend virus®’'*'*, About a decade ago a defective virus in 
Friend'”'® and Rauscher’? virus preparations was discovered 
which has the capacity to induce macroscopic spleen foci” and 
sometimes polycythaemia'” in susceptible strains of mice. 
Clearer knowledge of the virus came from Troxler and 
colleagues? who analysed single cell clones inoculated with 
FV-P or with FV-A, and developed from each type of infected 
clone SFFV-infected non-producer cell lines that were free of 
detectable helper virus. When they used different helper viruses 
to rescue infectious pseudotypes of 3FFV, they found that the 
haematocrit response of infected hosts was associated with the 
origin of SFFV (from FV-P- or FV-4.-infected cells) rather than 


with that of its helper virus”. * 
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Table 1 Three host response patterns to erythroleukaemia-inducing 











retroviruses 
Recovery of 
Recovery of CFU-EI 
SFFV (per 10° 
Virus strain (x 10° FFU ml’) spleen cells) 
FY-P (Lilly) 52.0 620 
FV-P (Axelrad) 78.4 371 
FV-P (Mirand) 0,2 85 
FV-A (Dmochowski) 0.5 0 
RV-A (Rauscher) a5 0 
F-MuL Voi g 0 
RV-A variant (Fredrickson) 0 0 





Abbreviations: CFU-EI, erythropoietin-independent, erythroid 
colony-forming unit; FV-P, polycythaemia-inducing strain of Friend 
virus complex; FV-A, anaemia-inducing strain of Friend virus complex; 
F-MuL V201, clone 201 of a helper-independent murine leukaemia virus 
(MuLV) that was isolated from FV-A7*; RV-A, anaemia-inducing 
strain of Rauscher virus complex; RV-A variant, helper-independent 
MuLV isolated from RV-A that lacks spleen focus-forming virus 
(SFFV)’, Virus complexes (the first five strains) considered to contain 
SFFV were diluted 107! from stock (10% w/v spleen homogenates) and 
injected intravenously into young adult BALB/c mice. Two weeks later 
their spleens were collected and assayed for SFFV by the spleen 
focus assay“ and for CFU-EI according to the method of Liao and 
Axelrad*’. Helper-independent MuLVs (the last two strains) consi- 
dered to lack SFFV were not diluted from stock, but were injected 
intraperitoneally into suckling BALB/c mice within 48 h of birth. Three 
te four weeks later their spleens were collected and assayed as described 
above. 


However, the pathology of erythroid leukaemias and 
dyscrasias in mice has not been well defined, and there has been 
little agreement among the morphological descriptions of virus- 
induced diseases of this sort. For example some investigators 
have described the diseases induced by the same viruses as 
erythroblastosis”'°*** or simply erythrocytopoietic disease’. 
In a search for non-morphological criteria that could be used to 
define erythroid leukaemias, we compared several different 
virus strains according to their capacity to initiate SFFV repli- 
cation and/or the production of CFU-EI*’ in BALB/c mice. 
The results of this comparison, summarized in Table 1, show 
that by 3 weeks after infection the diseases induced could be 
divided into three categories on the basis of the recovery from 
splenic tissues of: both SFFV and CFU-EI (S*E*); SFFV but not 
CFU-EI (S'E); neither SFFV nor CFU-EI (S E`). 

Let us now correlate these classes of erythroid leukaemia with 
the viruses used to induce them. Because of previous reports ®?7 
it was not surprising that all strains of FV-P would induce S°E* 
leukaemias. (On the basis of this clear association we would 
predict that the recently discovered, cloned, murine sarcoma 
virus”? that induces an S*E* erythroid cell proliferation might 
also induce polycythaemia.) The presence of SFFV in FV-A- 
infected mice was also not surprising, for earlier conflicting 
reports on this finding'*’* were recently settled by the elegant 
cloning experiments of Troxler et al.*. However, the absence of 
CFU-EI among SFFV-positive leukaemia cells of FV-A- 
infected mice was significant. n 

Could the lack of CFU-EI in Fi¥gA-infected mice be attri- 
buted to the lower titres of SFFV usūally encountered in FV-A 
stocks??? Probably not, as the recovery of SFFV from mice 
infected with a low dose of FV-P (Mirand) was 10-fold lower 
than that of FV-A-infected mice (Table 1), although CFU-EI 
were only recovered from the former. Also, Steinheider et al.” 
failed to recover CFU-EI from FV-A-infected DBA/2 mice 
given an amount of SFFV ‘comparable’ to that given to CFU- 
EI-positive, FV-P-infected mice, although the actual dose of 
SFFV in the infecting inoculum was not stated. In the present 
study (data not shown) CFU-EI were readily detected in mice 
after infection with FV-P diluted almost to the end point for 
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SFFV. Therefore, it seems that CFU-E] are not an expression of 
SFFV infection per se, but of erythropoietin-independent 
erythroid precursors destined to contribute to the development 
of polycythaemia. Their apparent absence after FV-A infection 
is in keeping with the failure of infected hosts to develop 
polycythaemia; this provides another qualitative distinction (in 
addition to the haematocrit response) between FV-A and FV-P. 

The last (S-E) class of leukaemias, like the first two classes, is 
distinctly erythroid in nature****, and disease can be induced 
almost as rapidly (within 3-4 weeks of infection). Unlike the first 
two classes, the S -E~ leukaemias develop only if the recipient 
mice have been inoculated with virus neonatally, probably due 
to the lack of immunodepressive SFFV in the viral inocula. This 
absence of SFFV was clearly shown for F-MuLV clone 201 by 
transfection experiments with molecularly cloned viral DNA”. 
Even though mice infected neonatally with F-MuLV32», or with 
the Fredrickson variant of RV-A’ did not yield SFFV or CFU- 
EI (Table 1), they did develop erythroid leukaemia, as tested by 
cytological examination of blood smears or splenic imprints. 

Other candidate viral agents that might induce SE” leuk- 
aemias are Dawson’s F-MuLV variant’ and Kirsten’s MuLV“, 
Unfortunately, the former was not available to us, and samples 
of the latter failed to induce disease in our mice. There are other 
examples of murine viruses, apparently lacking SFFV, with the 
capacity to induce leukaemia™*. These agents should all be 
examined and compared with the prototype strain, F-MuL V301, 
by both biological and biochemical means. 

It is curious that F-MuLV>>,, isolated from FV-A and 
regularly collected from the spleens of infected mice only 3 
weeks post-infection, should induce erythroid leukaemia, 
whereas F-MuLV originally isolated from the Friend or Raus- 
cher virus complexes induced lymphoid leukaemias***”’. The 
latter viruses were obtained from lymphomatous lymph nodes 
and spleen 3-4 months post-infection, so it is possible that 
differences in the passage histories of these viruses altered their 
tissue tropism. Alternatively, there may be a genetic difference 
between erythrotropic and lymphotropic forms of F-MuLV in 
Friend and Rauscher virus stocks. One way to test the latter 
possibility might be to compare the pathogenic properties of 
erythrotropic and lymphotropic MuLV pseudotypes of poly- 
cythaemia-inducing and anaemia-inducing strains of SFFV. 
Such a study, recently made by Troxler et al.** with erythro- 
tropic F-MuL V2, and lymphotropic Moloney MuLV, failed to 
show any effect of the pseudotyping helper virus on the haema- 
tocrit response of mice to either polycythaemia-inducing SFFV 
or anaemia-inducing SFFV. More studies are needed to clarify 
the pathogenic roles of helper virus and defective virus in the 
induction of erythroleukaemia. 


We thank Dr Frank Lilly for helpful discussions and Mrs Ida 
Shapiro and Mr Vernon Grant for secretarial and technical 
assistance, respectively. This investigation was supported by 
NCI grant CA-19873. 
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The hues of mammalian skin and hair vary from white to jet 
black. Silvers has recently catalogued over 130 different coat 
colour mutations at more than 50 genetic loci in the house 
mouse (Mus musculus), a useful model for study’. Some of these 
loci govern differentiation of melanocytes and their migration 
from the neural crest region during embryogenesis’. Others, 
however, involve expression of genes for melanin synthesis 
within the pigment cell, such as c-locus mutations, where ani- 
mals are phenotypically albino. c-locus albinism is presumably 
due to a deficiency of active tyrosinase, the enzyme catalysing 
the initial steps in the melanin synthetic pathway. It has 
generally been assumed that the only regulated steps in this 
pathway are those governed by tyrosinase, since in vitro, 
melanin is spontaneously formed from dopa quinone (Fig. 1). 
However, Logan and Weatherhead have provided evidence for 
post-tyrosinase inhibition of melanogenesis by melatonin in hair 
follicles of Siberian hamsters*, as do our studies with various 
mutants of Cloudman mouse melanoma cells, suggesting the 
involvement of a second regulatory site. We describe here three 
new factors which control melanin synthesis that we have parti- 
ally purified from Cloudman cells: (1) dopachrome conversion 
factor (DCF), which accelerates the conversion of dopachrome 
to 5,6-dihydroxyindole (see ref. 6 for detailed description); (2) 
5,6-dihydroxindole conversion factor, which catalyses the con- 
version of 5,6-dihydroxyindole to melanin and is active only 
when cells are exposed to melanotropin (MSH), and (3) 5,6- 
dihydroxyindole blocking factor, which restricts melanogenesis 
at §,6-dihydroxyindole. This third factor appears to protect cells 
from the cytotoxic effects of melanin precursors, and it is 
removed when the cells are exposed te MSH. Discovery of the 
factors indicates that regulation of the melanin biosynthetic 
pathway is more complex than previously supposed. 

DCF has recently been described’. In brief, it was first dis- 
covered by the observation that extracts of amelanotic 
melanoma cells rapidly converted dopachrome to a colourless 
compound. A factor was subsequently isolated that catalysed 
the conversion of dopachrome to 5,6-dihydroxyindole-2- 
carboxylic acid followed by a spontaneous decarboxylation to 


* To whom requests for reprints should be sent. 
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5 ,6-dihydroxyindole. DCF reacts specifically with dopachrome, 
having no effect on tyrosine or dopa. DCF was found in two 
different mouse melanomas (B16 and Cloudman $91), the 
hamster melanoma of Greene’, and mushrooms. [t was absent 
from Friend erythroleukaemia cells, neuroblastoma cells, 
myeloma cells, and L-cell fibroblasts. Serial dilutions of 
melanoma cell extracts showed that equal amounts of DCF were 
present in cells whether or not they had been exposed to MSH. 
All three factors were observed in experiments described below. 
Extracts of control cells or MSH-treated cells were mixed with 
dopachrome. In each case there was a rapid decrease in absor- 
bance at 475 nm due to DCF activity compared with the slow, 
spontaneous decrease in the buffer blank (Fig. 2a). (Note that 
this figure shows the DCF reaction in extracts of control cells. 
The extent and magnitude of the reactions were the same in 
extracts of MSH-treated cells.) Following the DCF reaction, the 
samples containing extracts of control ceils remained colourless 
for at least 24 h. However, samples containing extracts of MSH- 
treated cells turned dark rapidly as melanochrome (absorbing at 
540 nm) and then melanin were formed (Fig. 22). Melanin 
production in reactions with extracts of MSH-treated cells was 
faster than that occurring spontaneously in the reactions 
containing only buffer and dopachrome. 

These experiments were extended using 5,6-dihydroxyindole 
rather than dopachrome as a substrate. Extracts of control or 
MSH-treated cells were mixed with 5,6-dihydroxyindole for 3 h 
at 30°C. The following points were evident: (1) there was a slow, 
spontaneous conversion of 5,6-dihydroxyindole to melanin in 
tubes containing buffer only; (2) melanin production was pre- 
vented by extracts of control cells; and (3) melanin production 
was accelerated by extracts of MSH-treated cells. After 24 h the 
tube containing buffer had turned black due to spontaneous 
melanin formation while the tubes containing extract of control 
cells remained colourless (data not shown). 
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Fig. 1 Stages in the oxidation of tyrosine to melanin, modified 

slightly from the scheme of Mason and Raper’. Note that while this 

scheme depicts melanin biosynthesis as a polymerization of indole- 

5,6-quinone alone, it has been shown that mammalian melanins 

are heteropolymers, containing many different combinations of the 
precursors shown’. 


Samples were removed from the tubes and analysed for 
5,6-dihydroxyindole content by HPLC (Fig. 3). The 5,6-dihy- 
droxyindole peaks (arrows) were integrated and the results are 
as follows. Panel a shows the 5,6-dilrydroxyindole content of a 
mixture of buffer and indole that was kept on ice for 3 h. Panel $ 
shows 5,6-dihydroxyindole from the sarhe mixture that was 
incubated for 3h at 30°C (89% of the sample in a). Panel c 
shows the 5,6-dihydroxyindole content of an incubated mixture 





G028--0836/80/3206 170350100 





eet Mirinae ncaa rma 








Nature Vol. 286 7 August 1980 








Time (min) 


Fig. 2 Effects of cell extracts on dopachrome. Extracts were 
prepared from an MSH-responsive cell line (PSI-mel-1 (ref. 8)) by 
the following procedure. Cells were collected with EDTA (1 mM) 
in isotonic saline, spun for 10 min at 2,000g, and lysed with 5 vol 
ice-cold Triton X-100 (0.5% } in sodium phosphate buffer (50 mM, 
pH6.8). The lysate was then centrifuged (30,000g, 15 min) and the 
pellet containing melanin and cellular debris was discarded. Pro- 
tein content of the supernatant fraction was determined by the 
method of Bradford’. Such extracts were prepared from control 
cells and cells that had been exposed to MSH (2 107’ M) for 3 
days (isobutylmethyl xanthine was not used in this experiment). 
The extracts (0.1 ml, 0.4 mg protein) were mixed with 0.2 ml 
dopachrome which had been diluted for absorbance measure- 
ments. Panel a shows a decrease in absorbance due to dopachrome 
at 475 nm after different incubation periods at room temperature 
with extracts from control cells (solid line: buffer; dotted line: cell 
extract). The disappearance in absorbance with time was due to the 
action of DCF which was present in equal amounts in extracts of 
both control and MSH-treated cells®. Panel b shows the changes in 
absorbance at 540 nm with time. The initial decreases were due to | 
DCE activity since dopachrome shows some absorbance at 540 nm. 
Increases in absorbance at 540 nm were due to melanin synthesis 
which could be readily detected by the eye. Dopachrome 
solution was prepared by mixing a solution of dopa with 
Ag,O and filtering'®. @, Control cell extract; O, MSH-treated cell 
extract; A, buffer blank. 


of indole and control cell extract (98% of the sample in a). Panel 
d shows the 5,6-dihydroxyindole content in the incubated mix- 
ture of indole and MSH-treated cell extract (5.7% of the sample 
in a). Thus direct measurements of the 5,6-dihydroxyindole 
content of the tubes confirmed what was visually apparent: 
melanin synthesis from 5,6-dihydroxyindole was prevented by 
control cell extracts and accelerated by MSH-treated cell 
extracts. These experiments demonstrate the existence of both a 
5,6-dihydroxyindole conversion factor and a blocking factor. 
MSH treatment removes the blocking factor and allows for 
expression of the conversion factor. 

It has been known for some time that melanin precursors can 
be cytotoxic'*"'*, Because MSH increases tyrosinase levels one 
would predict that, in the presence of MSH, the rate of produc- 
tion of melanin precursors is also increased. This has been shown 
to be the case in culture as cells exposed to MSH are much more 
susceptible to the toxic effects of tyrosine and dopa than control 
cells”. 

If it were true that only tyrosinase activity were affected by 
MSH, then the toxicity of melanin precursors distal to dopa 
quinone should not be influenced by the presence or absence of 
MSH. We show below that this is not the case. We have found 
that the toxic effects of dopachrome are markedly increased 
when the target cells have been treated with MSH (Fig. 4). (Note 
in Fig. 4 legend that 3-methylisobutylxanthine was used to 
potentiate the MSH effect.) The effects were quite striking when 
observed with the phase microscope. After only 1 h exposure to 
dopachrome (0 M cells preincubated with MSH began to 
lyse. In contrast, cells exposed during this same time to either 
control culture medium, or medium containing MSH, dopa plus 
MSH, or dopachrome alone still appeared healthy. About 


fivefold less dopachrome was sufficient for 50% killing when the 
cells were exposed to MSH compared to when they were not 
exposed to the hormone. Addition of dibutyryl-cyclic- AMP 
(107° M) also increased the sensitivity to dopachrome, indica- 
ting that the cellular response was likely to be cyclic- AMP 
mediated (data not shown). The dose-response studies shown in 
Fig. 4 were done in parallel with an amelanotic variant cell line® 
that showed a very weak response to MSH in terms of pigment 
production. The ‘non-responsive’ line was only slightly sensi- 
tized by MSH to the toxicity of dopachrome. Extracts of the 
amelanotic line contained 5,6-dihydroxyindole blocking factor 
and no 5,6-dihydroxyindole conversion factor activity whether 
or not the cells were exposed to MSH (data not shown). We feel 
that the most likely explanation for the increased sensitivity of 
MSH.-activated cells to dopachrome is the removal of the 5,6- 
dihydroxyindole blocking factor and the expression of active 
5,6-dihydroxyindole conversion factor. We realize, however, 
that our evidence is only circumstantial and that more experi- 
ments are necessary to prove these points. 








Time (min) 


Fig. 3 Effects of extracts prepared from control- and MSH- 
treated cells on 5,6-dihydroxyindole as analysed by HPLC. 
Experimental design is outlined in the legend to Fig. 2. 5,6- 
dihydroxyindole (3.5 x 1074 M) was used instead of dopachrome. 
Protein concentrations in the undiluted cell extracts were 
7mgml*. The reaction mixes were adjusted to 100 pl with 
sodium phosphate (0.05 M, pH6.8), incubated in a shaking water 
bath at 30°C for 3h and aliquots (20 yl) from the tubes were 
analysed for 5,6-dihydroxyindole content. An Altex Molel 330 
Isocractic liquid chromatograph equipped with a Model 110A 
pump and a 20-1 sample loop was used. Absorbance of the eluent 
was monitored at 254 nm with an 8-yl Analytical Optical Unit. 
Experiments were performed with an Ultrasil ODS Column (Altex 
Instruments, Inc.), 0.46 cm internal diameter x 25 cm. The column 
was packed with octadecyl-silica particles of 104m average 
diameter. The mobile phase was methanol/sodium phosphate 
(50 mM, pH 6.5) 1:9. Flow rate was maintained at 1.8 ml min`’. 
5,6-dihydroxyindole eluted at about 8.4 min (arrows). The indole 
was synthesized as described by Axelrod and Lerner’ and stored 
in crystalline form in Nz at ~—20°C. Before each experiment, 
appropriate amounts of 5,6-dihydroxyindole were dissolved in 
degassed buffer (sodium phosphate, 0.05M, pH6.5). a, Indole plus 
buffer, 3h in ice; $, indole plus buffer, 3 h at 30°C; c, indole plus 
control cell extract (50 pl), 3h at 30°C; d, indole plus extract 
(50 pl) of MSH-treated cells, 3h at 30°C. Material that eluted 
between 1 and 4 min was from the cell extracts alone and did not 
change during the 3-h incubation period. 
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Fig. 4 Effects of MSH on the toxicity of dopa and dopachrome 
against Cloudman $91 mouse melanoma cells. Cells (10°) from 
‘an MSH-responsive line (PSI-mel-1 (ref. 8)) were cultured in 
monolayer for two' days either in plain culture medium or in 
medium supplemented with MSH (2x107 M) and methyl- 
tsobutylxanthine (MIX 5x10 >). Two days later the cells were 
given fresh medium containing dopa or dopachrome as indicated. 
After 2.5 h, the dopa and dopachrome were removed and the cells 
were given fresh medium. The next day the cells were collected 
with EDTA (1 mM) in isotonic saline, and counted in a Coulter 
counter. Dopachrome was prepared as above by oxidizing dopa 
with Ag20. Control cultures received either buffer that had been 
mixed with Ag,O and filtered, or buffer only (sodium phosphate; 
0.05 M pH 6.8). The controf cell numbers were-similar in each 
case. Values represent the averages from quadruplicate cultures 
and the variation was less than +10%. The experiments were 


repeated several times with similar results. MIX; a phos-.- 


phodiesterase inhibitor, was used to potentiate the MSH effect. At 
the concentration used (5 x 107" M) MIX had no effect by itself. @, 
Dopa; O, dopa+ MSH; A, dopachrome; LI, dopachrome + MSH. 


‘ 
t 


The relevance of the three factors to mammalian melano-. 


genesis remains to be demonstrated. There are, however, 
numerous reports of skin and coat colour regulation which might 
be explained by the actions of one or more of these factors. 
Three examples are tyrosinase-positive albinism in humans’®, 
the annual pelage colour cycle in the Siberian hamster’, and in 
general the wide variation in mammalian coat colours‘. Also, 
the MSH-mediated sensitization of melanoma cells to dopa- 
chrome shown in Fig. 4 is likely to be explained by the factors we 
have described and is of relevance to the establishment of a 
rational therapy for human melanoma. The first step towards a 
full understanding of the physiological role of these factors is the 
elucidation of their molecular structures, a 1 goal that we are now 
pursuing. z 

We thank Karen Vane and Marilyn Murray for providing 
cells, Dr Aaron B. Lerner for 5,6-dihydroxyindole, and Drs Sau! 
Lande and Gisela Moellmanp for helpful discussions. Supported 
by grants from the USPHS and The American Cancer Society. 
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We have previously shown that transforned mammalian cells 
secrete two classes of transformatiotspecific proteins of 
molecular weight (MW) about 60,000 (ref. 1). Secretion of both 
classes of protems occurs regardless of the transforming agent 
and is temperature-sensitive in a cell line which is temperature- 
sensitive for the transformed phenotype (ts B77 Rat 1; see ref. 
1). One of the classes coasists cf non-phosphorylated 
polypeptides. The proteins of this class, derived from 
transformed mouse, rat and hamster lines, are all antigenically 
related to ome another. The second class of transformation- 
specific secreted proteins is antigenically distinct from the first 
class, that is; it is not precipitated by antiserum which 


_ recognizes the non-phospborylated class. This second class 


comprises major phosphoproteins also in the 60,000 MW range’. 
These major phosphoproteins were fornd to be secreted by 
transformed hamster, rat, mouse and rabbit cells. We now 


report that these transformation-specific phosphoproteins are all 
antigenically related, regardless of the transforming agent. The 
phosphoproteins are synthesized by the cells, phosphorylated 
intracellularly ' and subsequently releesed into the culture 
medium. These transformed cells also secrete protein kinase 
activities capable of phosphorylating the transformation-specific 
phosphoproteins im vitro. The major sites of in vivo and im 
vitro phosphorylation seem to be identicel. 

Antiserum was raised to the purified phosphoproteins 
secreted-by B77 Rat 1 cells. °?7PO,-labelled conditioned media 
from several cell lines were immunoprecipitated with this 
antiserum Figure 1 shows that the transformation-dependent 


‘phosphoproteins derived from the varpus species are, in fact, 


all antigenically related. The size and degree of heterogeneity 
of the phosphoproteins vary (Fig. 1) and seem to be dependent 
on the species from which the transformed cell line was 


_derived rather than on the transforming agent’. There are 


several possible explanations for the Epparent size differences - 
and heterogeneity. ‘The various phosphoproteins may have 
identical amino acid sequences but differ in degree of 
phosphorylation or proteolytic processing. Alternatively, the 
phosphoproteins may have similar brt not identical primary 
structure. In any event, all show transformation sensitivity, 


‘and rat phosphoprotein antigens are present among the 


phosphoproteins of the other species. 

In, order to estabhsh, that the transformation-specific 
phosphoproteihs are synthesized by tke'cells and do not arise 
by phosphorylation of serum protes, the antiserum raised 
1 (34°C: phosphoproteins was 
preabsorbed with fetal calf serum (in which cells were 


cultured). This- preabsorption did rot alter the extent or 


specificity. of the immunoprecipitation of the phosphoproteins 
of MW 62,000 (62K) (not. shown).: In addition, when the ts 
B77 Rat’! cells (34°C) were cultured and labelled with °?PO, 
in the absence of serum, the same amounts Of 62K 
phosphoproteins were found in the nditioned medium (not 
shown). These results indicate that the 62 K pO Apae 
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are not fetal calf serum proteins that are si l š : 
phosphorylated by the cells. : oe ae A y / 

To obtain further evidence that the phosphoproteins are 
synthesized by the cell, ts B77 Rat 1 cells (34°C, transformed 
phenotype) were preincubated in the presence and absence of 
cycloheximide and then labelled with >?PO, in the continued 
presence or absence of the drug. As shown in Fig. 2, 
cycloheximide treatment abolishes secretion of the 62K 
phosphoproteins, indicating that protein synthesis is required 
for their phosphorylation and release from the cells. 

The cell-associated forms of the B77 Rat 1 phosphoproteins 
were identified by immune precipitation of 3?P-labelled cellular 
lysates. Figure 3 shows the results of such an experiment, 
which also shows the specificity of the antiserum. From among 
the very large number of phosphoproteins present in cell 
lysates (Fig. 3, track g) the antiserum bound only three 
proteins, all of MW about 62,000 (Fig. 3, track d). These 
intracellular 62K proteins have mobilities identical with those 
found in the conditioned medium after a chase (Fig. 3, track 
J) We were unable to chase completely the radioactivity in 











Fig. 2) Protein synthesis is required for seeretion of the uansformation- 
specific 62K phosphoproteins by ts B77 Rat t G4 ©) cells. ac. Media 


fram control cells labelled for Lh with *?P-orthophospkate: d f media 

from cells preincubated with cycloheximide (20uyml t) for 1h before 

labelling for ih. The prominent band in tracks uw c corresponds to a MW 
of 62 OO), 


the 62K proteins from cell lysates, presumably because of the 
difficulty encountered in chasing phosphate pools*. However, 
proportional amounts of pulse lysate and chase medium were 
found to contain identical quantities of 62K proteins (compare 
Fig. 3, tracks d and /), suggesting efficient secretion of the 
phosphoproteins synthesized during the pulse. Furthermore, 
the ratios of the different phosphate-labelled bands are the 
same in the pulse-labelled cells and the chase medium. These 
results indicate that all the 62K phosphoproteins are 
phosphorylated intracellularly and subsequently secreted into 
the culture medium in parallel. 

The phosphoproteins secreted specifically by transformed 
cells can be phosphorylated in vitro by incubating the 
conditioned media with [p-> P]ATP. The in vitro labelled 
phosphoproteins are precipitable with the antiserum which 
recognizes the in viro labelled form (not shown). Furthermore. 
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Fig. 1 3?P-labelled conditioned media from various transformed cell 
lines were immunoprecipitated with antibody to the 62K transformation- 
specific secreted proteins from B77 Rat 1 cells. Cells and culture 
conditions, metabolic labelling with 5? P_orthophosphate, 
immunoprecipitation, SDS-polyacrylamide (7.5°;) gel electrophoresis and 
autoradiography were as previously described’. Antiserum was prepared as 
follows. ts B77 Rat cells were grown to confluence at 34 C in roller 
bottles, washed three times with serum-free medium and incubated 
overnight with serum-free medium (200 mi per roller bottle). Conditioned 
medium {1.800 ml} was spun at 10,000r.p.m. for 10min and passed over a 
water-washed DE-I! cellulose (Whatman) column (100ml). The DE-1) 
cellulese had been pre-swollen in acid and base as recommended bv 
Whatman and washed extensively with distilled water before loading. 
Virtually 100°, of the transformation-dependent 62K phosphopreteim ip 
the conditioned medium bound to the column (there actually seem to be 
severa] transformation-dependent phosphoproteins all with similar 
mobility corresponding to a MW of 62,000; see track d above and track f 
of Fig. 3}. The loaded column was then washed with 1,000ml! of 6.25M 
NaCl; this step removed contaminants without eluting the 62K 
phosphoproteins. The 62K phosphoproteins were eluted from the column 
with 05M NaCl and concentrated by vacuum dialysis against phosphate- 
buffered saline. This antigen preparation was analysed by SDS- 
polyacrylamide gel electrophoresis, and it was determined that 90", of the 





protein had mobility identical to that of the 62K phosphoproteins. The 
remainder consisted of several other species in very low concentration. The 
S8K-62K transformation-dependent, non-phosphorylated proteins, which 
we have described previously’, were not present in the antigen preparation 
because they do not bind to DE-I]} at the ionic strength used here (our 
unpublished data), The rabbit was injected the first time (at eight dorsal 
sites} with Img of 62K phosphoprotein in complete Freund's adjuvant. 
Three weeks later the injections were repeated with Img protein and 
incomplete Freund's adjuvant. Antibody was present in serum 2 weeks 
later. The specificity of phe antiserum is indicated in Fig 3. a, Immune 
serum, NIL.8-HSV (hamster), b immune serum, py37T3 (mouse c. 
immune serum, Moloney MSV-MuLV SIRC (rabbit); d, immune serum, ts 
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Fig. 3 **P-orthophosphate-labelled ts B77 Rat I (34 €. transformed 
phenotype) cell lysates and chase medium were immunoprecipitated with 
antibody to the 62K transformation-specifie phosphoproteins. d, 
Preimmune serum, cel lysate, 45min label: b preimmune serum, cell 
lysate, 45 min label, 45 min chase: e, preimrnune serum, equivalent amount 
of chase medium: d. immune serum. cell lysate. 4Smin label: e. immune 
serum, cell lysate, 45min label, 4S min chase: £ immune serum. equivalent 
amount of chase medium: g total cell lysate, 43min label, idth the 
volume used in d: ft, total cell lysate. 45 min label. 4S min chase. PiOth the 
volume ased in e. : 
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a comparison of the phosphopeptides generated by partial 
proteolysis of the in vitro and in vivo labelled 62K 
phosphoproteins indicates that the major in vitro and in vivo 
sites of phosphorylation are likely to be identical (see Fig. 4). 

Identical levels of in vitro phosphorylation of the 62K 
phosphoproteins (ts B77 Rat 1, 34 C) were observed in serum- 
free conditioned medium and in conditioned medium 
containing 5% fetal calf serum (not shown). This result 
indicates that the protein kinase activity is secreted by the cells 
and is not a serum protein. We also found that conditioned 
medium from ts B77 Rat 1 cells (34°C) can phosphorylate 
histones in the presence of *?P-ATP, whereas unconditioned 
medium does not have this phosphorylating activity, again 
indicating secretion of protein kinase by the cells (data not 
shown). We have found that the phosphorylating activity 
secreted by B77 Rat 1 cells and ts B77 Rat | cells can be 
equally inactivated by preincubation at 41 `C. This suggests 
that the phosphorylating activity does not contain the lesion 
responsible for the temperature-sensitive phenotype of the ts 
B77 Rat | cells. 

Experiments with serum from tumour-bearing animals** 
have suggested that the transformation-specific 
phosphoproteins described here are antigenically distinct from 
pp60**, the 60,000-MW phosphoprotein encoded by the sre 
gene of avian sarcoma virus. Serum active against the 
endogenous sarc gene protein of both avian and mammalian 
cells> also failed to precipitate the secreted phosphoproteins. 
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Fig. 4 Partial proteolysis of the 62K phosphoproteins from ts B77 Rat 1 
(34°C) cells labelled in vivo with **P-orthophosphate or in vitro with 
[y-> P]ATP. Total labelled conditioned medium, labelled in viro or in vitro 
as previously described’, was electrophoresed on a 7.5%, preparative slab 
gel. The 62K phosphoprotein band containing all the 62K species was cut 
from the dried preparative gel, rehydrated in Laemmli stacking gel buffer” 
and electrophoresed on a 12.5",, Laemmli ge! with 250,ig papain or 50 ug 
chymotrypsin (chymo.), or no additions, ‘vive’ 62K **P-labelled proteins 
from the media of cells labelled in vivo with *?PO,; ‘vitro’, 62K proteins 
from the media of unlabelled cells, 62K proteins subsequently labelled in 
vitro with [y-"? P]ATP. 


In addition, the transformation-specific phosphoproteins are 
unable to phosphorylate IgG in immune precipitates, an 
activity which is characteristic of pp60°S and pp60™S (refs 4 
7). However, incubations of [y-**P]ATP and washed 62K 
phosphoprotein immunoprecipitates did result in *?P labelling 
of the 62K phosphoprotein itself. Whether this represents 
autophosphorylation or phosphorylation by a separate kinase 
activity in the immunoprecipitate is not known. 

To summarize, the phosphoproteins described here are 
closely correlated with the transformed phenotype. In cells 
which are temperature-sensitive for transformation, secretion 


of the phosphoproteins is temperatire-dependent. The 
phosphoproteins are synthesized by the cells and 
phosphorylated intracellularly and ar? not derived by 


phosphorylation of serum proteins. These transformation- 
dependent phosphoproteins are common to all mammals for 
which we have so far obtained transformed cell lines—hamster, 
rat. mouse and rabbit. Because of their ar tigenic relatedness, it 
seems likely that the transformation-specific phosphoproteins 
secreted by the various cell lines have a common function. 
Their close correlation with transformation suggests that they 
may be involved in the maintenance 0° some aspect of the 
transformed state. 

We thank Carl Bryant and Antonia Destree for technical 
assistance, Naomi Foster for photograpty, Dr P. W. Robbins 
for his interest and helpful suggestions, and all those who 
provided the cells and antisera used 11 these studies. This 
work was supported by grants from the NIH, NCI (ROI CA 
17007 to R.O.H. and PO1 CA 14051 to S.E. Luria) and from 
the American Cancer Society (VC 258). B.O.H. is the recipient 
of an NCI Research Career Development Award. 
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The target site of adhesion-blocking Feb in aggregating Dicty - 
ostelium discoideum cells is a plasma membrane glycoprotein of 
approximate molecular weight 82,000 (refs 1-3), which is no 
longer synthesized after aggregation, and disappears from the 
plasma membrane**. However, since cell adhesion remains 
important during later stages of differentiation“, presumably 
another protein(s) takes over its function. One candidate is a 
glycoprotein (molecular weight 95,000) whose synthesis com- 
mences at the tip stage and continues until the completion of 
development**. Both proteins are strongly antigenic’. When 
pseudoplasmodia (‘slugs’, a late developmental stage) are dis- 
aggregated and replated, the cells recapitulate the previous 
sequence of morphological changes much more quickly than 
before”, although the glycoprotein of molecular weight 82,000 
is not resynthesized during reaggregatien*”. We report here that 
monovalent antibody (Fab) directed against slug plasma 
membranes inhibits reaggregation br binding to the glyco- 
protein of molecular weight 95,000 which thus seems to be 
involved in cell adhesion. 

Antisera against slug plasma membranes contained anti- 
bodies specific for a number of proteins (Fig. 1a). Apart from 
actin, the major antigen in the membrane was a glycoprotein of 
molecular weight 95,000 (ref. 4, Fig. 1a). This antigen could be 
extracted from the plasma membrane witi? butanol and was the 
major antigen in the butanol extrac: (Fig. 1b). Radioactive 
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acetate and glucosamine were incorporated into this glyco- 
protein from the tip stage until late culmination® (Fig. 1c, d). 
The glycoprotein was not present in the plasma membrane of 
amoebae or aggregating cells**. 

When slug cells were disaggregated and the single cells shaken 
in buffer, aggregates had already formed after 45 min (Fig. 2a). 
Reaggregation was inhibited when Fab directed against slug 
plasma membrane was present (Fig. 2b). Fab directed against 
plasma membranes from vegetative or early aggregation cells 
had no effect on reaggregation (Fig. 2d). When a butanol extract 
from slug plasma membrane was incubated with the anti-slug 
Fab, reaggregation was no longer inhibited (Fig. 2c). Hence, 
antigens in the butanol extract were evidently competing with 
cells for adhesion-blocking Fab. 





Fig. 1 The plasma membrane of slug cells: antigens and proteins 
incorporating t-[1—'*C]fucose and [1—‘*C]acetate. Growth of D. discoi- 
deum NC-4 (wild type) cells, labelling of cultures with isotopes, plasma 
membrane isolation, SDS-polyacrylamide gel electrophoresis, autoradio- 
graphy, preparation of antisera and detection of antigens on gels were 
performed as described previously**’*. Plasma membranes were injected 
into rabbits in Freunds Complete Adjuvant; injection in saline resulted in a 
low titre of antibody directed against the antigen of molecular weight 
95,000, (indicated by the arrow). a, Antigens in total slug plasma membrane; 
SDS-polyacrylamide gels were incubated with antisera raised against slug 
plasma membranes. (A = actin; molecular weight 42,000.) b, Antigens in the 
butanol extract of slug plasma membranes; SDS-polyacrylamide gels 
incubated with antisera as in a. c, Autoradiograph of SDS-polyacrylamide 
gel of slug plasma membrane after labelling from the tip stage with [1 -— 
'*CJacetate. d, Autoradiograph of plasma membrane from early slug stage 
after labelling from mid-aggregation with L-[1 — '*C]fucose. 


We determined whether the antigen of molecular weight 
95,000 was involved in cell adhesion by cutting the antigen from 
SDS gels and using the gel slices to remove the specific Fab from 
the total Fab”. The remaining Fab (more than 98% of total Fab) 
was subsequently unable to inhibit reaggregation (Fig. 2/). 
Preincubation of anti-slug Fab with another region of the gel 
(such as the region representing molecular weights 80,000- 
90,000) did not prevent Fab inhibiting reaggregation (Fig. 2e). 

Anti-slug Fab was also incubated with aggregation- 
competent cells to remove any Fab directed against contact sites 
for the protein of molecular weight 82,000 that might be 
present. The remaining Fab still inhibited reaggregation of 
disaggregated slug cells. Hence the results were not due to 
contamination with Fab against this antigen. The anti-slug Fab 
did not block the TA-resistant adhesion of aggregation- 
competent cells or the EDTA-sensitive adhesion of vegetative 
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Fig. 2 The effects of Fab on the reaggregation of disaggregated slug cells. 
Fab was purified as described previously”. Reaggregation was assayed by 
incubating disaggregated slug cells (2 10” cells ml‘) in a roller culture 
(40 r.p.m., Multipurpose Rotator, Scientific Industries) in 20mM KCI, 
24 mM MgCl, and 10 mM EDTA in 0.05 M Sørensens phosphate buffer 
(pH 6.5). Fab was added to give a final concentration of 1 mg protein ml‘. 
Removal of Fab specific for the antigen of molecular weight 95,000 was 
accomplished in the following way. Plasma membranes were isolated from 
vegetative cells (3.6 x 10°) and extracted with butanol. The extract (1.1 mg 
protein in 370 wl) was electrophoresed on SDS slab gels (18 lanes). The 
region corresponding to the antigen of molecular weight 95,000 was cut out 
and SDS removed by shaking the gel pieces in 25% isopropanol/ 10% acetic 
acid solution for 20 h, changing the solution once. The gel pieces were then 
washed with 15 mM Na phosphate buffer (pH 6.8) for 3 h with one change of 
buffer. The slices were shaken for 6 h with 200 ug Fab in 2.0 ml PDF solution 
(20 mM KCI, 25 mM MgCl, in 0.05 M Sørensens phosphate buffer, pH 6.5). 
The PDF solution containing Fab which had not bound to the antigen in the 
gel was removed and the gel shaken overnight in 2.0 ml PDF solution to 
further remove any non-specifically bound Fab. The two PDF solutions were 
combined (4.0 ml) and concentrated by vacuum dialysis (final volume 
0.20 ml). Hence, a Fab fraction was obtained from which the Fab binding to 
the antigen of molecular weight 95,000 had been at least partially removed. 
As controls, Fab was incubated with other regions of the gel. Cells were 
photographed after 45 min in the roller culture. a, Control; b, anti-slug Fab; 
c, anti-slug Fab plus proteins extracted from slug plasma membranes using 
butanol; d, Fab (against aggregation competent cells); e, anti-slug Fab 
remaining after incubation with a gel slice from the region of the gel 
corresponding to molecular weights 80,000-90,000; f, anti-slug Fab after 
removal of Fab specifically binding to the antigen of molecular weight 
95,000. 
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cells. (Fab against aggregation-competent cells did, however, 
block the adhesion of these cells.) 

Recently, Geltosky et al.'” described a glycoprotein of mole- 
cular weight 150,000, present on the surface of vegetative D. 
discoideum cells, whose concentration increased during the first 
10 h of development. Fab directed against this protein blocked 
the ability of aggregation-competent cells to reaggregate. 
However, the synthesis of such a glycoprotein was not detected 
in labelling experiments’. (A glycoprotein of molecular weight 
155,000 was synthesized later, between early aggregation and 
culmination®.) One explanation for this discrepancy would be 
that the glycoprotein described by Geltosky et al."” is stored in 
the cytoplasm of vegetative cells and transported to the cell 
surface during early development. It may bind to one of the 
glycoproteins of molecular weights 82,000 or 95,000 on 
adjacent cells. In our plasma membrane preparations no pro- 
teins with molecular weights of approximately 150,000 were 
markedly antigenic. Hence, our Fab contained few, if any, 
molecules directed against the glycoprotein of Geltosky et al."”. 
When the region of the gel corresponding to a molecular weight 
of 150,000 was preincubated with anti-slug Fab, the remaining 
Fab still inhibited aggregation. 

Our results suggest that the antigen of molecular weight 
95,000 is involved in cell adhesion, although we cannot be 
absolutely sure that it is not another protein running at around 
that region on gels that is responsible. However, we consider this 
unlikely as butanol extracts contained no other detectable pro- 
teins which ran so near to this antigen as to be included in the gel 
slice. The possibility that binding of Fab to the antigen of 
molecular weight 95,000 indirectly inhibits reaggregation by 
selective steric impairment of another set of molecules cannot be 
excluded. 

The plasma membrane glycoproteins involved in cell 
adhesion during the early developmental stages of both D. 
discoideum (molecular weight 82,000)* and Polysphondylium 
pallidum'' (molecular weight 71,000)’ are no longer 
synthesized when aggregation is complete and are subsequently 
lost from the cells*”””’. This may be related to the sorting out of 
pre-spore and pre-stalk cells that occurs during the post-aggre- 
gation phase’*'®. The glycoprotein of molecular weight 95,000 
of D. discoideum, for example, may be restricted to one cell type 
or occur at different concentrations on the two types. We are 
using immunofluorescence to check these possiblities. The gly- 
coprotein of molecular weight 150,000 apparently does not 
disappear from the plasma membrane during differentiation’’. 
However, it may be part of a second type of adhesion which is 
not involved in sorting out. Alternatively, a change in only one 
component of an adhesion system may be sufficient to induce 
sorting out. 


We thank Dr C. R. Parish for providing the antisera. This 
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Phosphorylation of membrane components is thought to be an 
important process in membrane function’. Phosphorylated 
proteins? and a special class of phospholipids, the (poly)phos- 
phoinositides (poly PI)*, are implicated in the regulation of 
membrane permeability and synaptic transmission in neurones. 
For many years, protein phosphorylation and poly PI metabol- 
ism have been studied in parallel without knowledge of their 
possible interaction. We report here that the ACTH-sensitive 
protein kinase/B-50 protein complex which we recently isolated 
in soluble form from rat brain synaptosomal plasma 
membranes** has lipid phosphorylating activity. Exogenously 
added phosphatidylinositol 4-phosphate (DPI) is phos- 
phorylated to phosphatidylinositol 4,5-diphosphate (TPI), and 
this DPI-kinase activity is dependent on the state of phos- 
phorylation of the protein kinase/B-50 protein complex. The 
results imply that phosphorylation of protein may affect the 
metabolism of (poly)PI in brain cell membranes. 

Effects of peptide hormones on pħhosphatidylinositol (PI) 
metabolism in cell membranes of peripheral tissues have been 
obtained. Similarly, corticotropin (ACTH) is known to affect 
(poly)PI metabolism in membrane fractions from rat brain”. An 
enhanced metabolism of TPI was also found in response to 
cholinergic and noradrenergic receptor stimulation'” and after 
the influx of Ca’* into the cell''. With respect to the phos- 
phorylation of proteins, we found that ACTH exerts a dose- and 
structure-dependent inhibitory effect on the in vitro phos- 
phorylation of specific proteins in synaptosomal plasma 
membranes’. The ACTH-sensitive protein kinase (molecular 
weight 71,000; isoelectric point 5.5) and one of its substrate 
proteins (B-50; molecular weight 48,000; isoelectric point 4.5) 
were isolated and the phosphorylation of the B-50 protein was 
found to be Ca**-dependent’. 

The protein kinase/B-50 complex used in the present study 
was obtained from a Triton-KC] solubilized synaptosomal 
plasma membrane fraction and subjected to further purification 
by DEAE-cellulose chromatography and ammonium sulphate 
precipitation (ASP) as described before (see legend to Fig. 1). 
The ASP fraction has been characterized by SDS-—poly- 
acrylamide slab gel electrophoresis: the position of B-50 and its 
protein kinase are indicated in Fig. 1a. Upon incubation of this 
ASP fraction with [y- "P]ATP only the B-50 protein became 
labelled (Fig. 15). Interestingly, addition of DPI to the ASP 
fraction in the phosphorylation medium produced [*’P]JTPI as 
shown by autoradiography after thin layer chromatography of 
the lipid extract (Fig. lc). 

When the eluate of the DEAE-cellulose column was assayed 
for B-50 protein and DPI-kinase activity, it was found that the 
two activities cochromatographed, suggesting a possible rela- 
tionship (J.J. et al., in preparation). Confirming previous 
results’, incubation of the ASP fraction in the presence of 
ACTH,_»4 resulted in a dose-dependent inhibition of B-50 
phosphorylation (Table 1). Concomitantly, the phosphorylation 
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Fig.1 a, Gel staining pattern showing the position of the protein bands, and 
b, autoradiogram showing the endogenous phosphorylation profile of the 
ASP << sos, fraction, Each track contains 6 wg of total ASP protein. The 
position of molecular weight marker proteins, and of B-50 and B-50 kinase 
is indicated. c, Autoradiogram after extraction and thin layer chromato- 
graphy of ASP fraction incubated with exogenous DPI. The position of DPI 
and TPI is indicated. Each lane shows the results of duplicate deter- 
minations. The ACTH-sensitive protein kinase and its protein substrate. the 
B-50 protein, were isolated as described by Zwiers et al.°”. Briefly, a crude 
synaptosomal plasma membrane fraction was prepared from rat brain. The 
membrane-bound B-50 protein kinase activity was solubilized with 0.5% 
Triton X- 100 with 75 mM KCl in 6 mM Tris, 0.1 mM dithiothreitol (pH 8.1) 
and the solubilized proteins separated by DEAE-cellulose chromatography. 
The proteins were eluted with a salt gradient in 10 mM Tris, 1 mM CaCl,, 
0.1 mM dithiothreitol, pH 7.4 (buffer A). The eluate fractions containing the 
peak of B-50 protein and B-50 phosphorylating activity were pooled and 
subjected to 55% ammonium sulphate saturation. After separation of the 
precipitated proteins by centrifugation the supernatant was saturated to 
80% with ammonium sulphate and the precipitate collected by centri- 
fugation. This ASPs gos, fraction was dissolved in 400 ul buffer A and 
dialysed overnight against 1 | of buffer A. The phosphorylation assay was 
performed in the following conditions: 50mM Na acetate, 10mM Mg 
acetate, 1mM Ca acetate (pH 6.5), 754M ATP, 2yCi [y-**PJATP 
(~3,000 Ci mmol ', Amersham), 7.51 ASP fraction, 404M DPI 
(disodium salt, Sigma) in a final volume of 25 wl. The enzyme fraction was 
routinely preincubated for 5 min before the incubation was started by the 
addition of DPI and ATP. Buffer with or without ACTH, _,, was added 15 s 
before the ATP and incubation continued for 15 min unless indicated 
otherwise. Protein phosphorylation and lipid phosphorylation assays were 
always run in parallel. The protein phosphorylation reaction was terminated 
by the addition of a denaturating solution and the proteins were separated by 
SDS-polyacrylamide gel electrophoresis. After staining with Fast Green 
FCF and autoradiography the labelled protein bands were cut from the gel 
and measured for radioactivity by liquid scintillation counting*”. The lipid 
phosphorylation reaction was terminated by the addition of ice-cold 
chloroform/methanol/13 N HCI solution (200: 100: 0.75 v/v). Carrier poly 
PI were added and an acid extraction was carried out. The lipid extract was 
separated by one-dimensional high performance thin layer chromatography 
(HPTLC) on precoated HPTLC plates (Merck) impregnated with 1% K 
oxalate. After lipid staining and autoradiography the labelled lipids were 
scraped from the plate and counted for radioactivity in a liquid scintillation 
counter™’'?, All experiments were performed at least three times. 


of exogenously added DPI to TPI was stimulated (+35% and 
+149% at 10 uM and 100 uM ACTH respectively). Because 
similar ACTH effects have been obtained with brain synap- 
tosomal membrane fractions*'’’, it seems very probable that the 
enzymes responsive to the peptide in synaptosomal plasma 
membranes are present in the ASP fraction. The correlation 
between inhibited B-50 phosphorylation and stimulated TPI 
formation suggests that the state of B-50 phosphorylation may 
affect the DPI kinase activity (see ref. 13 for a recent review on 
the regulation of enzymatic activity by phosphorylation). To test 
this hypothesis the ASP fraction was preincubated with [y- 
“P]ATP for various periods of time, and DPI kinase activity was 
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measured after this B-50 prephosphorylation period. As Fig. 2a 
shows, the extent of B-50 protein phosphorylation increased 
with time up to 40 min but DPI kinase activity diminished with 
increasing B-50 phosphorylation, providing additional evidence 
for a direct relationship between B-50 protein and DPI phos- 
phorylation, It appears that the formation of TPI is especially 
affected by the final 30% of the protein phosphorylation; more 
insight into the exact molecular mechanisms involved is needed 
to appreciate the significance of this finding more fully. To 
eliminate the possibility that the decreased formation of TPI is 
due to enzyme breakdown during the phosphorylation period, 


1,200 


800 


Incorporation into B 50 (f mol P per ug ASP protein) (O) 
Incorporation into TPI (f mol P per ug ASP protein) (@) 





10 20 30 40 
Incubation time (min) 


300 


Incorporation into TPI (f mol P per ug ASP protein) 
to 
= 


i ii 
+ - + + 
Extra 
ATP 
Preincubation Prephosphorylation 


Fig. 2 a, The effect of B-50 prephosphorylation on TPI formation. 
Incubations were performed as described in the legend to Fig. 1, with the 
following modifications: ASP fractions were incubated in the absence of DPI 
for 5-45 min (©). Exogenous DPI was added to the ASP fraction after the 
various prephosphorylation time periods (0-40 min) and incubation 
continued for another 5 min. The amount of TPI formation in these 5 min 
periods (0-5, 5-10 min etc.) was measured (@). b, The effect of B-50 
prephosphorylation on TPI formation: influence of preincubation and ATP. 
ASP fractions were incubated for 15 min in the presence of ATP and DPI as 
indicated in the legend to Fig. 1 (group 1 and 3). Group 2 was preincubated 
for 30 min before addition of DPI and ATP. Group 4 was preincubated for 
30 min in the presence of ATP before DPI was added and the incubation 
continued for another 15 min. Group 5 was treated like group 4 but extra 
ATP containing 2 Ci [ y-**P]ATP was added together with the DPI to give a 
final concentration of 15 yM ATP. 
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TPI formation was measured with and without 30min 
preincubation in the absence of ATP. As Fig. 2b shows, 
preincubation had no effect. Furthermore, the decreased TPI 
formation seemed not to be related to exhaustion of ATP during 
the prephosphorylation, as the amount of labelled lipid was 
significantly depressed even after the addition of extra ATP (Fig. 
2b). These results are in line with those obtained with ACTH 
(Table 1 and refs 4, 5, 12): there seems to be an inverse 
relationship between B-50 phosphorylation and TPI formation. 
Therefore, and in view of the studies on enzyme phos- 
phorylation'*, we propose that the effect of ACTH on TPI 
production is secondary to the effect on protein phos- 
phorylation: the peptide inhibits the B-50 kinase’, and the B-50 
substrate protein in its non-phosphorylated form, stimulates 
TPI formation. It awaits further experimentation to determine 
whether the B-50 protein is a regulatory factor of the DPI- 
kinase or the kinase itself. 





Table 1 The effect of ACTH,_,, on B-50 phosphorylation and TPI formation 





Incorporation (f mol P per pg ASP protein) 


Increase Increase 
Treatment B-50 (% ) TPI (%) 
No addition 994.9+8.0 180.0+9.1 
ACTH -24 (10 pM) 517.3+21.2 -48t 242.24 16.2 +35* 
ACTH,_», (100 pM) 308.4 +25.4 —69+ 448.4 + 30.0 +149t 





Incubations were performed as described in the legend to Fig. 1. Values 
represent mean +s.e:m. (n = $). Differences were tested with Student's t-test. 

* P<0.01. 

t P<0.001. 


Interestingly, Takai et al.'*'* recently demonstrated that the 


activity of a Ca**-dependent protein kinase is linked to PI and its 
breakdown product 1,2-diacylglycerol, suggesting that a 
functional relation exists between protein phosphorylation and 
phosphatidylinosito!l metabolism. DPI and especially TPI are 
very potent chelators of Ca** and Mg” (refs 3, 16); they interact 
strongly with proteins and, due to their very negative headgroup 
which contains three (DPI) or five (TPI) negative charges, these 
lipids may carry the negative potential of the membrane’’’’*. 
Thus a change in the relative amounts of the phosphoinositides 
PI/DPI/TPI in the membrane may affect the conformation of 
membrane proteins and change the amount of Ca** and Mg** 
bound to the membrane. Both protein phosphorylation’ and 
(poly)PI metabolism? are implicated in the regulation of 
membrane permeability and synaptic transmission in neurones. 
The results obtained in the present study suggest that the 
phosphorylation of a quantitatively minor membrane protein 
(B-50 protein), may bring about profound changes in membrane 
characteristics by changing the content of poly PIs. The demon- 
stration that ACTH influences this process may suggest new 
avenues for investigating the biochemical mechanisms underly- 
ing agonist—effector cell membrane interactions. 
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Chemically induced 
myotonia in amphibia 





A. H. Bretag, S. R. Dawe & A. G. Moskwa 


South Australian Institute of Technology, Nor h Terrace, Adelaide, 
South Australia, Australia 





Frogs and toads treated with high doses of anthracene-9- 
carboxylic acid (A-9-C) develop prolonged muscular contrac- 
tions and ‘divebomber’ electromyograms characteristic of 
myotonia. Hitherto, myotonia has been considered peculiar to 
homeotherms where it is associated with several hereditable 
diseases and can be induced by specifie treatments, most of 
which seem to act by decreasing membrane chloride conduc- 
tance’. Our work indicates that myotonia can be induced in 
amphibia by similar means. We offer possible reasons why 
others have missed seeing myotonia in amphibia. 

Toads, Bufo marinus, weighing about 120 g and frogs, Littoria 
aurea, of 30-60 g were kept at room temperatures of 20-25 °C 
and injected subcutaneously with A-9-C (167 mg per kg as a 10 
mg ml‘ solution neutralized with NaOF). Myotonic behaviour 
could then be observed in the toads within half an hour. In the 
frogs it took a number of hours to develop. If jumping was 
provoked it resulted in one or a few normal jumps followed by 
jumps with severe extensor spasm on landing. This often caused 
the animal to freeze in a bizarre attitude for some seconds 
(Fig. 1), before slowly relaxing and then resuming a normal 
squatting position. Continued provocation to jump eventually 
resulted in a return to normal. After rest for half an hour, 
however, the whole cycle could be repeated. This kind of 
response could be obtained for 2 or 3 days following the 
injection of A-9-C after which jumping behaviour gradually 
returned to normal over the next few days. 
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Fig. 1 An A-9-C treated toad, still immobile and stiff-legged, 

~3s after landing from a jump. We hav= occasionally seen these 

animals overbalance on landing to beq@me supported on their 

forelegs and snout with their hind legs extended above them. By 

contrast, untreated toads jump, land and resume their norma! 
squatting position within half a second. 


While animals were displaying mrotonic behaviour, audio 
electromyograms could be recorded from leg muscles with 
frequent ‘divebomber’ bursts of activity in response to slight 
movements of the concentric recording needle. After exercise 
‘warm up’, divebomber sounds were “irtually eliminated. 

Sartorius muscles, in vitro, could also he made to produce 
myotonic contractions (Fig. 2a) ir response to A-9-C at 
concentrations comparable to those expected to pertain in the in 
vivo experiments. Similar results could be obtained using 4, 
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Fig. 2 Isometric tension records from isolated frog and toad 
sartorius muscles bathed at room temperature (20°C) in Ringer 
solution? (R) and synthetic interstitial fluid? (SIF), respectively. 
Muscles were allowed to equilibrate in particular solutions for 10 
min before stimulation with a train of three, just supramaximal, 1 
ms pulses* at 225 Hz. a, Frog sartorius muscle i iin control solution 
(R) and with the addition of DNDS (2mmol | ') and A-9-C (2.25 
mmol | ) showing that normal relaxation is interrupted and 
prolonged by these agents. Time scale, 1 s. b, Frog sartorius muscle. 
Response in control solution (R) compared with response in a 
chloride-free solution (RH) made by substituting appropriate 
quantities of sodium 3,5-diacetamido-2,4,6-triiodobenzoate 
(Hypaque, Winthrop) for sodium chloride, and potassium and 
calcium sulphate for their chlorides. Cationic activities were main- 
tained constant’. Time scale, 1 s. c, Toad sartorius muscle. Record 
of contractions resulting from stimulation at 5s intervals in the 
presence of A-9-C (2.25 mmol l~’). After about 20 such stimuli the 
prolonged relaxation returns to normal, as illustrated in the final 
contraction of the record which was initiated 10 min after washout 
of the A-9-C with SIF. Time scale, 5s. 


4’-dinitro-2, 2'stilbenedisulphonic acid (DNDS, Fig. 2a), furo- 
semide (not shown) or a chloride-free bathing solution (Fig. 2b). 
Muscles were stimulated only once every 10 min as ‘warm up’ 
was rapidly produced by more frequent stimuli (Fig. 2c). Typical 
myotonic after-discharges of action potentials could be found in 
A-9-C treated toad sartorius muscle fibres following constant 
current stimulation (Fig. 3). An increase in input resistance was 
observed in these A-9-C treated fibres. 

The effects we have observed in amphibian muscle suggest a 
reduced membrane leakage conductance and, as in mammalian 
muscle’, are most likely to be low chloride-conductance myo- 
tonia. Consistent with this interpretation, A-9-C is the most 
potent known chloride conductance blocker in mammalian 
muscle while DNDS and furosemide are similarly potent 
blockers of anion transport in red blood cells’ and the kidney 
respectively”. In our experiments their action cannot be dis- 
tinguished from that of a low chloride solution (compare Fig. 
2a, b). 

Induced myotonia has not previously been described in 
amphibia and there seem to be several reasons for this apart 
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Fig. 3 Intracellular 3M KCI microelectrode recording of a myo- 

tonic after-discharge of action potentials in a single fibre of rar 

sartorius muscle bathed in SIF containing A-9-C (2.25 mmol 1° 

at 20°C. The fibre was stimulated by the constant current sie 

shown in the upper trace delivered through a second micro- 

electrode (2M K citrate) inserted close to the voltage recording 
electrode. 


from the possibility of species differences. First, the doses of 
A-9-C that we have used are considerably higher than those 
used by others” and the long delay before significant behavioural 
effects appear in frogs may have caused slight myotonia to be 
overlooked. Second, since exercise quickly produces ‘warm up’, 
myotonia is best seen if the animals are closely confined for half 
an hour before testing. 

We thank the Muscular Dystrophy Association of S.A. and 
the Research Committee of the South Australian Institute of 
Technology for support. 
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Control of tension development in 
scallop muscle fibres 
with foreign regulatory light chains 
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We have shown previously that chemically skinned fibre bundles 
from scallop muscle can be desensitized to the action of calcium 
by the removal of the regulatory light chains of myosin and that 
sensitivity can be restored by the re-addition of scallop light 
chains’. We have now confirmed these results and extended our 
observations to fibre bundles from which one or both of the 
regulatory light chains per myosin have been removed (by 
treatment with EDTA at 7 and 25°C, respectively) and 
replaced by the corresponding light chains from other species. In 
the case of a double substitution—where both light chains were 
replaced—sensitivity was restored completely by light chains 
from other molluscs and from gizzard muscle; for a single 
substitution there was restoration of sensitivity by all the light 
chains tested. 

The tension response of a chemically skinned fibre bundle to 
an activation—relaxation sequence is shown in Fig. 1a. There was 
no tension development in relaxing solution ([Ca**]<10~'° M) 
and maximal development in activating solution ([Ca**]= 
10°*"M). Treatment with EDTA at 25°C removed both 
regulatory light chains, as shown in other preparations by urea 
gel electrophoresis, and tension development was maximal in 
relaxing solution as well as in activating solution (Fig. 1b). Thus, 
the fibre bundle was no longer sensitive to calcium, in the sense 
that regulatory control had been completely lost. 

Fully desensitized fibre bundles were exposed to light chains 
from the same and other species, tested for their sensitivity to 
calcium and analysed for light chain content by urea (and in 
some cases SDS) gel electrophoresis. The results are sum- 
marized in Table 1. In most cases, two light chains per myosin 
were successfully combined. Preparations treated with light 
chains from the scallop and other molluscan species (spisula, 
mercenaria and loligo) showed a complete restoration of sensi- 
tivity towards calcium (Fig. 1c). Sensitivity was also restored by 
the combination of chicken gizzard light chains (Fig. 1d), but 
rabbit skeletal, bovine cardiac and lobster tail muscle light 
chains had little or no effect (Fig. le). Some fibre bundles which 
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Fig. 1 Double-substitution experiments. Tension responses of skinned 
fibre bundles to activation-relaxation sequences; effects of complete remo- 
val of scallop regulatory light chains and of replacement by light chains from 
the scallop and other species. a-c, Same fibre bundle; a, before EDTA 
treatment; b, desensitized by treatment with EDTA at 25 °C (control); c, 
resensitized with scallop light chains; d, complete substitution of scallop light 
chains by gizzard light chains; e, complete substitution by lobster light chains. 
Fibre bundles were from the striated adductor muscle of Placopecten magel- 
lanicus. Removal and addition of light chains were as described in Table 1 
legend. Symbols for solutions: PA, pre-activating (a relaxing solution with 
low [EGTA] to increase rate of tension development in activating solution); 
A, activating; R, relaxing; Rig, rigor. Solutions” (concentrations in mM 
unless stated); PA; EGTA 0.1, HDTA 29.9, [Ca**]~ 10°" M. A; CaEGTA 
30, [Ca?*]=10°**M. R, Rig; EGTA 30, [Ca?*]<10°'°M. PA, R, A; 
phosphocreatine 19, [MgATP]= 5, creatine kinase 1-2 mg ml”’. All solu- 
tions; [Mg**]=1, trimethylamino ethanesulphonic acid 100, pH 7.0, 1 
0.2 M, 20°C. Scales: a-c, tension 100 mg, time 1 min; d, e, tension 84 mg, 
time 41 s. Tension was close to zero at the start of the records. 


had been treated with cardiac and rabbit skeletal light chains 
produced less tension than normal both in the presence and 
absence of calcium. This inhibition was particularly pronounced 
after long incubations with light chains and no inhibition was 
observed when the same fibre bundle was tested before and after 
the addition of light chains, when full combination was achieved 
after incubation for 1h. 

Although it was comparatively simple to remove both scallop 
light chains per myosin, it proved difficult to remove exactly one 
light chain per myosin (by treatment with EDTA at 7 °C, which 
is successful with myofibrillar preparations’ *). Different pre- 
parations and slightly different procedures resulted in from 0.7 
to 0.9 light chains remaining. These fibre bundles did not show a 
complete loss of sensitivity towards calcium, that is, the tension 
developed in activating solution was greater than that in relaxing 
solution (control fibre bundles in Fig. 2a and Table 2). This 
result is difficult to interpret quantitatively because light chain 


PA A |R 


Fig.2 Single-substitution experiments. Effect on tension development of 
removal of a single scallop regulatory light chain and replacement by a 
non-molluscan light chain. a, Single remaining scallop light chain (control); 
b, single substitution by cardiac light chains. Solutions as described in Fig. 1 
legend. Scales; a, tension 50 mg, time 1 min; b, tension 50 mg, time 43s. 


removal may not have been homogeneous throughout a bundle, 
so that some myosin molecules may have remained with both 
light chains intact. The addition of non-mofluscan light chains to 
such fibre bundles resulted in the combination on average of 
more than one foreign light chain per myosin and there was a 
considerable variation in the amount combined (range 1.26- 
1.60 light chains per myosin). All the ligh- chains tested gave a 
considerable restoration of sensitivity towards calcium (Fig. 26 
and Table 2) and it is likely that the restoration was mainly due 
to the combination of foreign light chains to myosin molecules 
with a single remaining scallop light chain. The degree of 
restoration of sensitivity for rabbit skeletal and cardiac light 
chains is surprisingly high; the gel results show that a substantial 
number of myosin molecules must have become doubly substi- 
tuted, and these molecules would have remained desensitized 
(Table 1). It is possible that the inhibition of tension develop- 
ment observed for double substitutions by these light chains 
reduced their contribution, resulting in an overestimate of 
sensitivity. Double substitution by lobster light chains had no 
inhibitory effect and it is noticeable that the degree of restora- 
tion of sensitivity in the single substitution experiments with 
lobster light chains was less than for cardiac or rabbit skeletal 
light chains. The full restoration of sensitivity by gizzard light 
chains was to be expected as these light cnains confer sensitivity 
on their own (Table 1). 

These results confirm ATPase measurements in scallop 
myofibrils; when both scallop light chaims have been removed, 
sensitivity can be wholly restored by the combination of light 
chains from molluscan species and from vertebrate smooth 
muscle, but not with light chains from vertebrate skeletal, 
cardiac or lobster muscle’. They also confirm that sensitivity is 
restored in the case of a single remaining scallop light chain 
following the combination of light chains that do not themselves 
confer sensitivity towards calcium”. 





Table 1 Regulatory light chain content and cacium dependence of tension 
development in double-substitutios experiments 


Regulatory 
Source of added No. of light chains 
regulatory fibre % Semsitivity per myosin 
light chain bundles (mearts.d.) (mean +s.d.) 
Control 15 0 0 
Scallop striated 7 89+ 18 1.66+0.35 
Spisula 2 190 1.76 
Loligo syphon retractor 2 J8 2.14 
Mercenaria 3 9523 1.77+0.10 
Bovine cardiac 4 14+ 28° 1.74+0.12 
Rabbit striated 9 5+6 1.84+0.45 
Lobster tail 4 =+2 1.65 +0.46 
Chicken gizzard 6 92+5 2.05+0.30 


Sensitivity of tension development (second column) was obtained from the ratio 
of the extra tension developed in activating solution (compared with the tension in 
relaxing solution) to the total tension developed ir activating solution and expres- 
sed as a percentage. Fibre bundles were chemically skinned with 1% Brij 35 in 
50 mM KCl, 5 mM EGTA, 5 mM MgCl,, 5 mM ATP and 20 mM imidazole-HCl, 
pH 7.0, usually at 18-20 °C for 0.5-1 h. Light chains were removed by a 0.5~3-h 
incubation at 25-27 °C with 10 mM EDTA in 40 nM KCl and 20 mM imidazole- 
HCI, pH 7.0. Fibre bundles were combined with lizht chains by a 1-3-h incubation 
with 0.5 ml 0.1% light chain in 50 mM KCI, 5mM MgCl,, 5mM EGTA and 
20 mM _ imidazole-HCl, pH 7.0, in the presence of 1mM freshly prepared 
dithiothreitol. Incubation at 4°C gave the most reproducible results for tension 
measurements. Light chains were prepared as described previously*. Scallop, 
mercenaria and spisula light chain contents were determined by urea-acrylamide 
gel electrophoresis; lobster, loligo, rabbit skeletal, cardiac and gizzard light chain 
contents were obtained from 14-15% SDS-acrylamide gel electrophoresis in 
phosphate. Fibre bundles were rinsed with water and freeze-dried. Sample buffer 
(70 ul) was added to the dried fibre bundles and incubated for 3 min in boiling 
water (SDS gels) or for 2 h at 37 °C (urea gels). Although the fibre bundles did not 
dissolve completely in the sample buffer, the lght chains dissociated fully and 
repeated incubation with new sample buffer did rot extract additional! light chains. 
Aliquots (50 ul) of the samples were applied on cube gels. Gels were stained with 
acid fast green and analysed densitometrically. Densities obtained with light chains 
were corrected for molecular weights and stair uptake. Regulatory light chain 
content per myosin was obtained from the dersity ratios of the regulatory and 
essential light chain bands. The two essential light Ghains of myosin are not 
removed by EDTA treatment’, so a ratio of 1 corresponds to 2 regulatory light 
chains per myosin. 

* Three of the fibre bundles gave low tensions. 





628 


eee 

Table 2 Regulatory light chain content and calcium dependence of tension 
development in single-substitution experiments 
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Scallop 
regulatory Foreign 
Source of added No. of light chains light chains 
regulatory fibre % Sensitivity per myosin per myosin 
light chain bundles (mean+s.d.) (mean+s.d.) (mean+s.d.) 
Control 7 43+21 0.78+0.07 
Bovine cardiac 6 96 +3 1.35 +0.08 
Rabbit striated 6 88+8 1.47+0.11 
Lobster tail 6 73417 1.33=0,09 
Chicken gizzard 6 98 +3 1.52+0.12 





Methods used were similar to those given in Table 1 legend except that 
incubation in EDTA solution was at 7 °C. 


These experiments were performed at the Marine Biological 
Laboratory, Woods Hole and at University College London. 
The work was supported by PHS grant AM 15963 and a 
Muscular Dystrophy Association grant to A.G.S.-G. and a 
Programme Grant from the MRC to R.M.S. We thank the 
Wellcome Trust for a travel grant to R.M.S. 
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Bacterial flagella undergo transition between several discrete 
types of left-handed and right-handed helical structures when 
exposed to acidic’ or alkaline pH’, or to mechanical force’. 
Calladine* and ourselves’ have presented models to explain 
such polymorphism, assuming that protein subunits (flagellin) in 
a flagellum can be transformed into two conformations (L- and 
R-states) depending on the species of flagellin and on the 
environmental conditions. An obvious prediction from these 
‘two-state’ models is that there should be two types of straight 
flagella (L- and R-types) that are made up exclusively of flagel- 
lins in either the L-state or the R-state. We have shown that 
straight flagella from two species of mutants, Salmonella $3814 
(ref. 6) and Escherichia coli hag 177 (ref. 7), are closely similar 
to the predicted R- and L-types, respectively’. Recently we have 
isolated 10 strains of straight-flagellar mutants of Salmonella. 
We show here that their flagella can also be classified into the L- 
and the R-types, and that copolymerization of flagellins from 
two heterologous types (L and R) makes discrete types of helical 
filaments, whereas that of homologous pairs of flagellins (L and 
L, or R and R) makes only straight filaments. 

Ten mutant straing with a straight-flagellar phenotype (SJW 
1655-SJW1664) were isolated from SJW1103, which produces 
normal flagella with the antigenicity of i in phase 1 and is 
nonflagellate in phase 2 (S.Y., in preparation). All of them are 
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spontaneous mutants selected on semi-solid agar plates. Flagella 
from these mutants were examined by electron microscopy and 
optical diffraction, after they had been detached from the cell 
body and partially purified by differential centrifugation. It was 
found that the diffraction pattern of the SJW1655 flagella was 
significantly different from those of the other nine species. Most 
notably, the z-coordinate of the near-equatorial layer-line (the 
reflection from 11 near-longitudinal rows of subunits®) was as 
large as 1/400 A~' in SJW1655, whereas it was about threefold 
smaller in the rest of the mutants (Fig. 1). As the diffraction 
pattern of the SJW1655 flagella was closely similar to that of 
Salmonella SJ814 flagella’, we considered these two types of 
flagella to be homologous forms. The twisting of the near- 
longitudinal rows of subunits in the SJW1655 flagella, obtained 
from 34 measurements, was 7.8+0.8° at the surface of the 
flagellum. This value was in good agreement with the twisting 
predicted for the R-type straight flagella*. On the other hand, 
the diffraction patterns of the other nine kinds of straight flagella 
were similar to that of E. coli hag177 flagella’, which have been 
considered to be L-type’, in that the spacing of the near- 
equatorial layer-line was about 1,500 A. Measurements of this 
spacing in 31 diffraction patterns of SJW1660 flagella indicated 
that the near-longitudinal rows of subunits in this kind of flagella 
were inclined at an angle of 3.4+1.0° with respect to the 
filament axis. Also, the other species of flagella (about 10 
measurements for each) had mean values of twisting of between 
2.0° and 3.4°, agreeing with the value predicted for the L-type’. 
From these results, we considered that flagella from strains 
SJW1656 to SJW1664 belonged to the L-type. 

Flagellins from two R-type mutants (SJ814 and SJW1655) 
and two L-type mutants (SJW1658 and SJW1660) were mixed 
pairwise in all possible combinations at various protein ratios, 
and polymerized by the addition of fragmented flagella". It was 
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Electron micrographs and optical diffraction patterns of 
the two types of straight flagella. a, The L-type from SJW1660; b, 
the R-type from SJW1655. Flagellar specimens were negatively 
stained with 1% uranylacetate. The diameter of the flagellum is 
about 200 Å. In the diffraction pattern, the near-equatorial layer- 
line is arrowed. Other mutants (SJW1656-SJW1659, SJW1661- 
SJW1664) gave diffraction patterns closely similar to that of a. 


Fig. 1 
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Fig. 2 The products of copolymerization of flagellins from 
SJW 1660 (L-type) and SJW1655 (R-type) at various mixing ratios. 
The protein ratio of the R-type flagellin to the total monomers was 
a, 0% : b, 10% ; c, 25%; d, 50%; e, 90% ; f, 100% . The two kinds of 
monomeric flagellins were prepared by the method of S.A. and 
lino? to give a concentration of 5.0mg_ protein ml ' in 
0.15 M NaCl. After they had been mixed at various ratios, 1/20 to 
1/8 volume of fragmented flagella from SJW1655 (5.0 mg ml `) 
was added to each mixture as nuclei for polymerization. It took 
about 2 days for almost all the flagellin monomers to be poly- 
merized. Essentially the same results were obtained when frag- 
mented flagella from SJW1660 were used as the polymerization 
nuclei. The SJW1665 flagellin polymerized much more slowly than 
the SJW1660 flagellin, and for unknown reasons, it was difficult to 
obtain long polymers of the SJW1655 flagellin. All the pho- 
tographs were taken with a dark-field microscope with an intense 
light source’ after the specimens had been diluted to about 
0.03 mg ml ' with 10 mM sodium phosphate buffer ( pH 7.0). Scale 
bar, 5 um. 


found that when homologous pairs of flagellins (L and L, or R 
and R) were mixed, the products were always straight filaments, 
irrespective of the mixing ratio. However, when heterologous 
combinations of flagellins (L and R) were mixed, the products 
assumed various helical forms (Fig. 2). As in the previous 
experiments of copolymerization using flagellins from SJ814 
and from a wild-type strain”, helical shapes assumed by the 
products were discrete. It was the frequency of appearance of a 
helical form that depended on the mixing ratio of the two kinds 
of flagellins. The frequency of a helical form depended also on 
the species of the two types of flagellins used. When the ratio of 
the R-type flagellin was less than 25% of the total monomers, in 
the copolymerization of the SJW 1660 and the SJW1655 flagel- 
lins, the products were mostly left-handed helices, including a 
form resembling the wild-type flagella (normal form). As the 
ratio of the R-type flagellin was increased, several types of 
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right-handed helices appeared, including the so-called curly 
type. We have observed seven types of helical forms in these 
copolymerization experiments besides the two types of straight 
flagella. Morphological analyses of these helices will be reported 
elsewhere. 

As the antigenicity of the $J814 flagellin (1, 2) was different 
from that of the other kinds of flagellins used (i), we could prove 
that the polymers formed in the mixture of the SJ514 and one of 
the other species of flagellins were actually copolymers, by 
showing that all of them could be labelled with either anti- |, 2or 
anti-i antibody (Fig. 3). The distribution of the antibodies along 
a filament showed a strong gradient, corresponding to the 
different rate of polymerization of the two kinds of flagellins. 
Such a gradient has frequently been observed in previous studies 
of copolymerization’, and may explain the simultaneous 
occurrence of several types of helices in a single copolymer. We 
are now examining the distribution of the antibodies at a sub- 
structural level in heterologous copolymers such as shown in Fig. 
3a. to see whether or not the two types of flagellin molecules are 
arranged with regularity. Although we have not come to a 
definite conclusion due to the limited resolution of electron 
micrographs, our impression has been that the substructural 
distribution is rather random. If this is found to be the case, we 
should assume that the flagellin molecules from either the L- or 
the R-type of straight flagella can be transformed into both L- 
and R-forms once they are incorporated into a copolymer, and 
that a flagellar filament has an inherent ability to organize itself 
into a uniform helix. At any rate, our demonstration that two 
types of flagellins from straight flagella copolymerize into helical 





Fig. 3 Antibody staining of copolymers. Flagellins used are: a, 
SJ814 (R-type, antigenicity 1, 2) and S1W1660 (L-type, antigen: 
city i); b, SJ814 and SJW1655 (R-type, antigenicity i). Note that the 
filaments are curved in a, whereas they are straight in b. In each 
case, 1:1 mixture of the two kinds of flagellins (5.0 mg m! ') was 
polymerized by the addition of 1/2 volume of fragmented flagella 
from S$J814 (5.0 mg ml ') After being adsorbed onto electron 
microscope grids, the specimens were treated with anti-i antibody 
and negatively stained with 0.5% phosphotungstate (pH 7.0). In 
both of the photographs, the V-shaped portions with no antibodies 
attached correspond to the fragments of the $J814 flagella used as 
the nuclei of polymerization. In a, the density of antibodies rapidly 
decreases along the length towards the tip, indicating that the 
SJW1660 flagellin was incorporated much faster than the 5J814 
flagellin. When these specimens were reactedewith anti-1, 2 ant 

body instead of anti-i, whole lengths cf filaments were labelled 
with density distributions complementary to these photographs 


. 


(data not shown). Scale bar, 0.2 um 
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filaments should provide strong support for the idea that flagel- 


lar polymorphism arises as the consequence of dimorphic tran- 
sition of the flagellin molecules. 
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Refolding of the bovine pancreatic trypsin inhibitor protein 
(BPTI) after reduction of its three cysteine disulphide linkages 
can occur when the reduced protein is placed in a suitable 
oxidizing medium (ref. 1 and refs therein). The refolding process 
has been studied by trapping chemically intermediates which 
contain only one or two disulphide bonds (ref. 1 and refs 
therein). We report here that during structural studies of these 
intermediates by NMR, we have found that complete re-oxida- 
tion of the protein results in substantial quantities of a meta- 
stable folded species which is identical to native BPTI in its 
covalent bonding (including the disulphide bonds) but possesses 
a somewhat different conformation. The existence of such a 
species is supported by circular dichroism measurements on 
refolded BPTI’. This novel form of BPTI is of considerable 
interest because it can be used to provide information about the 
folding mechanism and conformational stability of the protein. 

Figure 1 shows 'H NMR spectra of native BPTI and of BPTI 
which was reduced and re-oxidized fully as described in detail 
elsewhere’. The overall appearance of the spectrum of the 
re-oxidized material is similar to that of the native protein, but 
examination shows that two species are present. One of these 
has an NMR spectrum indistinguishable from that of native 
BPTI; the other has a slightly different spectrum and is a new 
species formed in the refolding process. Samples of BPTI were 
reduced and refolded in various conditions (using oxidized 
dithiothreitol rather than glutathione as the oxidizing agent and 
varying the pH, ionic composition and temperature of the 
refolding environment). In every case a mixture of two products 
was obtained and the novel species had the same NMR spec- 
trum. It seems, therefore, that a conformational isomer exists 
which has a structure independent of the specific folding condi- 
tions, although the amount of the isomer produced does depend 
on them. In particular, more isomer was observed when refold- 
ing was carried out with slower rates of disulphide formation and 
at lower temperatures; the ratio of the isomer to native BPTI 
varied from 2.3 at 5 °C to 0.7 at 35 °C in the conditions described 
in Fig. 1 legend. 

The NMR spectra of samples of the refolded material 
remained essentially constant when samples were left in solution 
for days at room temperature. Warming the solution to 37 °C for 
several minutes resulted in the disappearance of the resonances 
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Fig. 1 Aromatic and peptide NH proton region of the 270-MHz 
NMR spectra of native BPTI (a), BPTI following reduction and 
anaerobic reoxidation with oxidized glutathione at 25 °C, pH 8.7, 
as described previously’ (b), and native BPTI in which the 14-38 
disulphide was reduced and the thiols blocked with iodoacetate (c). 
Spectra were recorded at 25 °C of 2 mM protein dissolved in D,O 
at pH 6.0, and the resolution is enhanced using convolution 
difference’”. Peaks 1 and 2 are assigned to Phe 45, and 3 to Tyr 23. 
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Fig. 2 Low field region of the 270-MHz NMR spectra of native 

BPTI (a) and BPTI refolded (b) as described in Fig. 1 legend. 

Spectrum c is a difference spectrum in which a fraction of a was 

subtracted from b to reveal the spectrum of isomeric BPTI. Peaks 

1, 2 and 3 are from the peptide NH protons of Tyr 23, Tyr 21 and 
Gin 31, respectively’. 
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Fig. 3 Part of the crystal struc- 
ture’? of native BPTI showing the 
region of. the protein where con- 
formational differences exist in the 

metastable form. Side chains of 
residues. whose resonances have 
been observed to have the largest 
chemical shift differences between 
the native and isomeric BPTI are 
shown in dark shading. The lightly 
stippled backbone is that portion 
which is threaded through the loop 
generated by the 30-51 disulphide 

bond. 





of the isomer and an increase in the intensity of the resonances of 
the native protein. By following the intensities of resonances of 
the two species, the conversion of the isomer to the native species 
was found to proceed at a rate of (3.5+0.7)x10 s~ at 
37 °C and pH 6.0. Measurement of the temperature dependence 
of the rate gave an activation energy of 55+ 10 kcal mol’. 

It is clear from these data that the refolding of BPTI results in 
a significant and sometimes dominant amount of a metastable 
species with.a different NMR spectrum, and therefore a different 
conformation, from native BPTI. That the conversion of the 
metastable species to the native species takes place in conditions 
in which rearrangement of disulphide bonds cannot occur shows 
that the same disulphide bonds are present as in the native 
species, as had also been shown by peptide analysis’. 
Comparison of the two NMR spectra shows further that the 
basic structural arrangement of the native BPTI is not lost in the 
new species, Of particular importance is a comparison of the 
proton resonances of the aromatic and methyl groups, which 
have all been assigned in the spectrum of native BPTI. Most 











of these resonances have the same positions (fo +0.02 
the two spectra, indicating that much of the protein con- 
formation is essentially the same in the two species. Significant 
differences (shifts up to +(€.1p.p.m.) are found for the- 
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resonances of Tyr 21, Tyr 23 aad Phe 45 in the aromatic region 
and of Thr 32, Ala 48 and Met 52 in the methyl region. Further 
information comes from the resonances of the peptide NH 
hydrogens which exchange slowly with solvent. In the spectrum 
of isomeric BPTI there are resonances within 0.05 p.p.m. of 
resonances in the spectrum of native BPTI for 7 out of the 10 
protons whose exchange rates”’' are less than 10° min” at 
22 °C and pH 6.5. Three peaks, assigned to “ "yr 21, Tyr 23 and 
Gin 31, have chemical shift values which differ in the two spectra 
by more than 0.1 p.p.m. (Fig. 2). The distinctive chemical shifts 
and long exchange rates of these protons have been attributed to 
their role in internal hydrogen bonding"; most of the 
resonances arise from the @-sheet secondary structure, which 
passes through the entire molecule (see Fig. 3). The conser- 
vation in number and near conservation of chemical shifts of 
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these NH resonances in the two spectra indicate, therefore, that 
the hydrogen bonding network of native BPTI is intact in the 
isomeric species. In particular, it has been established’? in native 
BPTI that the polypeptide chain passes through a loop produced 
by the existence of the 30-51 disulphide bond (Fig. 3), and the 
NMR data exclude the possibility that the protein chain is 
incorrectly ‘threaded’ in the isomer. 

All the residues whose resonances are perturbed are rather 
close together, in the portion of the molecule (native structure) 
surrounding the 30-51 and 5-55 disulphide bonds, which are 
near to each other (Fig. 3). The major conformational 
differences between native and metastable BPTI therefore lie in 
this part of the structure. 

It is useful to compare this conclusion with the results? from 
studies of a derivative of BPTI with one of the disulphide bonds, 
14-38, reduced. The spectrum of this species is shown in Fig. Ic. 
There are no large shifts in any of the resonances and those with 
small shifts arise from residues in the part of the molecule near to 
the broken 14-38 bond, notably Thr 11 and Tyr 35. There are 
negligible shifts in the resonances perturbed in the isomeric 
BPTI, indicating that the conformations of the isomeric BPTI 
and the 14~38 reduced species are altered in different regions of 
the structure. 

The simplest explanation for the existence of the isomer 
would be that it is a normal intermediate in the final step of the 
refolding process; that is, when the last disulphide bond (14-38) 
is formed, the isomeric conformation is produced which then 
goes on to generate slowly the native conformation. This possi- 
bility is unlikely because a significant proportion of BPTI in the 
native conformation is formed when refolding (which takes only 
minutes) is carried out at temperatures so low (<25 °C) that the 
metastable isomeric species converts to the native species only 
over a period of days. Thus, it is more likely that the two forms of 
folded BPTI arise from alternative parallel pathways. Further, it 
has been found that re-oxidation of the 14-38 reduced species 
results in BPTI with a spectrum identical to that of the native 
species, so that it is unlikely that the conformational differences 
between the isomers arise in the formation of the 14-38 bond. 

To investigate possible origins of the alternative pathway in 
earlier parts of the refolding reaction, the one- and two- 
disulphide bond intermediates have been examined. The con- 
formations of these, other than the one with only the 14-38 
bond in the reduced state, are significantly different from that of 
native BPTI, with a much less well defined globular structure, 
particularly in the one-disulphide species. This is in essential 
agreement with conclusions from immunochemical analysis of 
these intermediates'*. It seems possible, therefore, that the 
conformational isomer arises from the same disulphide bond 
formation sequence as native BPTI but has a difference in 
Structure which arises because of the stability of this difference in 
an early intermediate. This could be due to the existence of a cis 
rather than the trans conformer found for all four proline 
residues in native BPTI (Pro 2 is close to the region of the 
observed structural changes)'*'*, a different conformation 
around the 30-51 or 5-55 disulphide bond, or some other 
difference in a main-chain or side-chain dihedral angle. The 
formation of the 14-38 bond, or some earlier step, could then 
‘lock in’ the conformational difference. Alternatively, the two 
different folded species could result from pathways in which the 
sequences of disulphide bond formation are different. For 
example, in the initial stages of folding several pathways are 
known to exist and to result in the formation of different 
two-disulphide species, which then rearrange to the 30-51, 5-55 
species before complete refolding. It is interesting in view of the 
results reported here that the relative stabilities of different 
two-disulphide species have been found to be temperature 
dependent (T.E.C., unpublished results). 

The present results are of significance for an understanding of 
the mechanism of protein folding and for the analysis of the 
determinants of profein conformation. Of primary interest is the 
demonstration that two similar globular structures can exist; 
even in a protein as small as BPTI a specific structure can be 
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formed during folding that is not at the free energy mini- 
mum'*'”. Further, the activation energy for the transition from 
the metastable to the native species is high; it is of the order of 
the highest activation energies measured for exchange of the 
backbone amide hydrogens of native BPTI'®. This suggests that, 
although the conformational difference between the two species 
is localized, the transition involves a significant disruption of the 
structure. If the specific element that distinguishes the two 
structures is a dihedral angle rotation, conformational con- 
straints would have to be the source of the high activation 
energy. This is analogous to the tyrosine and phenylalanine ring 
‘flips’ for which the observed activation energies of up to 
25 kcal mol`' are much larger than the internal rotation bar- 
rier”, 

It will be of considerable interest to use the existence of this 
conformational isomer to elucidate the structural and dynamic 
aspects of folding transitions in proteins. 
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A diffusion-collision-adhesion model 
for the kinetics of myoglobin refolding 
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There are two distinct experimental and theoretical problems of 
protein folding: the thermodynamic issue of characterizing the 
folded state, and the kinetic question of the path between the 
unfolded and native states’. Here we consider the second ques- 
tion and present a diffusion—collision—adhesion model for the 
folding of the a-helical protein myoglobin. In particular, we 
consider the fast refolding species of the unfolded state and 
ignore the slow transition between unfolded states that has been 
attributed to proline isomerization’. 
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Baldwin? and Karplus and Weaver" have considered the 
experimental and theoretical evidence as to the probable rate- 
limiting step during (fast) folding. They agree that the formation 
of a local structure by a random search is unlikely to act as a 
nucleus for subsequent rapid folding. Instead, they opt for 
intermediate control in which the relative stabilities of the 
intermediates determine the pathway(s) and the rate of folding. 
Local structures (for example, a-helices) of transient stability 
diffuse together, collide and then adhere (pair) together. There 
is no requirement for an obligatory intermediate and folding 
may proceed along several paths. The intermediates for myo- 
globin are assemblies of ¢ a-helices as suggested by Ptitsyn and 
Rashin’. 

Rate constants for the steps are derived from the model of 
Karplus and Weaver*”: collision, not adhesion, is the rate- 
limiting step. Detailed stereochemical information about helix 
packing in myoglobin is taken from the work of Richards and 
co-workers’*. The folding follows intermediate control, shows 
the cooperative behaviour that has been observed experiment- 
ally”’°, and we find: several paths linking the unfolded and native 
states. A second calculation considers N-terminal folding that 
may occur during biosynthesis'''?. In our model, apomyoglobin 
is considered as six fluctuating a-helices (ABEFGH). Initially, 
pairs of a-helices collide to form a cluster. Each cluster can grow 
by docking either with one other a- helix or with another cluster 
that contains two or more a-helices. We allow only the five 
strongest helix/helix interactions (AH, BE, BG, GH, FH)’ that 
are observed in the folded myoglobin. This implies that the 
interactions. that are dominant in the final structure are 
important in the folding pathway and that incorrect helix pair- 
ings do not significantly interfere with the rate of formation of 
native intermediates. 

In the model of Karplus and Weaver*” 
the interaction of two helices is 


es (5a) (1) 


where / is the characteristic length, AV is the volume of finite 
diffusion space, D is a diffusion coefficient (~1 x 10'° Å? s~’), A 
is the area of the target surface and £ is the fraction of time that 
both segments are helical when they collide. 

To calculate rate constants for the condensation of two 
helices, we assume that A V is the space between two concentric 
spheres. The outer radius is determined by 


re = 15H +3.3C (2) 


where i and j are the residues central to the helix—helix inter- 
action’, and H and C are the number of residues between i and j 
in helical and coiled conformations, respectively. The inner 
radius, ri“, is taken as the length of the segment which is 
avutually perpelidiculat to the axes of the interacting helices’* 
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Fig-1 Possible folding paths for myoglobin. Only the addition of 

single helices to preformed clusters is depicted. Condensations 

between preformed clusters, for example, BE + GH > BEGH, are 
omitted for the sake of clarity. 





Table 1 Parameters for the diffusion—collision equation 
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Average potential 
contact area loss 
on association” 


Interaction A =(A;+A,)/2(A?)__rf8¥ (A) ry (A) 
G111-H135 185 10.5 25.05 ; 

(77,55t, 19.058, 17.555 
A10-H134 170 8.5 189.3 

(95.34, 26.08, 118.2", 

142.05", 15.28) 
B25-E65 145 7.5 8.70 : 

(43.208, 24.008") 
F90-H142 125 85 €6.90 

(54,154, 12.907) 
B28-G110 155 8.5 120.00 

45, Ast 112.50", 12.94" 

89.40" 





* From Richmond and Richards’. . : 
+AH formed; + BE formed; § BG formed; FH formed; *GH 
formed. 


If the target area for the interaction is the average of the 
potential accessible areas lost when the two helices pack (A, and 
A,)’, then equation (1) becomes 
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Clearly, ri" is a function of the degree and nature of the 
condensation of the molecule. For example, the volume of 
diffusion space available for the FH irteraction is decreased if 
GH has been formed (see Table 1). 

In our model, a-helices that have correctly paired do not 
dissociate. Clearly, proteins denature and so a helix—helix pair 
can dissociate. However, in conditions where the folded struc- 
ture is stable, dissociation will be slower than association. If the 
stability of the native structure is indicative of the stability of 
various intermediates, dissociation is probably negligible. 
Moreover, the rate of dissociation is a complex function of the 
solvent and temperature that remains undefined. 

The only adjustable constant in this anlysis is p, the probability 
that a potential helical segment will be helical when it interacts. 
For a pair of fluctuating helices, 8 = p*; for one fluctuating helix 
packing against a solid cluster, B =p: and for two solid clusters 
packing, 8 = 1. In the two simulations that follow, p = 0,002. 
Smaller values of p decrease the cooperativity of the folding 
transition and larger values decrease the lag time for renatura- 
tion. Changes in p had little effect om which intermediates were 
observed, although the half lives of these species were affected. 

In our model of myoglobin, there are 24 states (see Fig. 1). 
There exists a matrix of 24 x24 second order rate constants 
which define a system of simultaneous second order differential 
equations. As a closed form solution to this problem does not 
exist in general, the rate equations are solved iteratively with 
time steps of 25 ws. Figure 2a shows the exponential behaviour 
of the concentration of the final state. The concentration begins 
to level off after 2ms and slowly goes to completion, Two 
intermediate states are significantly (>5%) populated: FGH 
and ABFGH. The lag phase, although noticeable, is small, This 
is undoubtedly because the initial steps in this simulation over- 
whelmingly favour products. In the refolding of ribonuclease A 
in 50% methanol at temperatures less than —20 °C, a lag in the 
absorbance change due to the burial of tyrosine residues is 
observed. The lag lasts approximately 100s at pH 6.0, —25 °C 
(A. L. Fink and B. Lustig, personal communication). 

In an attempt to simulate biosynthesis, the initial concen- 
trations of the isolated helices were repeated. Thus, the concen- 
tration of H was 0.0 until the concentration of G reached 1.0. 
The rate of synthesis was such that a myoglobin chain was made 
in 1.2 s. BE is the first intermediate to appéar, followed by the 
production of BEG, BEGH anc then the native state (see 
Fig. 25). 
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Fig. 2 a, Simulated renaturation kinetics of apomyoglobin as a 

function of time. The concentrations of intermediates which are 

significant are also plotted. b, Simulated folding kinetics of 

apomyoglobin during biosynthesis. The time taken to synthesize a 
helical segment is 0.2 s. 


In these two simulations, two distinct sets of intermediates 
were significantly populated. Thus, we suggest that folding can 
occur through many alternative pathways which ultimately 
converge to the native structure. Cooperativity results from the 
decrease in the volume of diffusion space as a function of 
molecular organization. In principle, the intermediates of rena- 
turation could be trapped and identified in a stop-flow experi- 
ment. Alternatively, the sites of helix—helix interaction could be 
chemically blocked to inhibit the completion of the folding and 
the intermediates created could then be characterized. Studies 
by Zabin and co-workers suggest that intermediates in biosyn- 
thesis could be characterized by immunological probes'*. 

This model assumes that no mismatched pairs of hydrophobic 
patches on the surface of the a-helices are stabilized. A more 
realistic assumption would be that mismatched helix—helix pairs 
could tautomerize to a correct pairing. These tautomerizations 
would have low activation barriers, as the individual helical 
conformations have been stabilized and the volume of diffusion 
space is reduced. This tautomerization mechanism might 
explain Creighton’s finding’ that there is an obligatory mis- 
matched disulphide bridge on the pathway joining the unfolded 
and native states of pancreatic trypsin inhibitor. 


Received 14 March: accepted 9 June 1980. 


. Creighton, T. E. Prog. Biophys. molec. Biol. 33, 231-297 (1978). 

. Brandts, J, F., Halvorson, H. R. & Brennan, M. Biochemistry 14, 4953-4963 (1975). 
. Baldwin, R. L. Protein Folding (ed. Jaenicke, R.) (Elsevier, Amsterdam, 1980). 

. Karpius, M. & Weaver, D. L. Nature 260, 404-406 (1976). 

. Karplus, M. & Weaver, D., L. Biopolymers 18, 1421-1437 (1979). 

. Ptitsyn, O. B. & Rashin, A. A. Biophys. Chem. 3, 1-20 (1975). 

. Richmond, T. J. & Richards, F. M. J. molec. Biol. 119, 537-555 (1978). 

. Cohen, F. E., Richmond, F. J. & Richards, F. M. J. melee. Biol. 132, 275-288 (1979). 
_ Shen, L. L. & Hermans, J Biochemistry 11, 1836-1841 (1972). 

10. Shen, L. L. & Hermans, J. Biochemistry 11, 1845-1849 (1972). 

ii. Phillips, D. C. Proc. natn. Acad. Sci. U.S.A. 87, 484-495 (1967), 

12. Hamlin, J. & Zabin, 1. Proc. natn. Acad. Sci. U.S.A. 69, 412-416 (1972). 


oes d D un ee m 


Nature Vol. 286 7 August 1980 





eI E T A EEA ee ee 





Rescue of a splicing defective mutant 
by insertion of an heterologous intron 


Peter Gruss & George Khoury 


Laboratory of Molecular Virology, National Cancer Institute, 
National Institutes of Health, Bethesda, Maryland 20205 





eere 


It is now widely accepted that the primary transcripts of many 
eukaryotic genes contain intervening sequences (introns)'~. 
These introns, which vary considerably in length, have been 
found in both coding and noncoding regions*'*. They are 
removed from the primary transcript in one or more steps by a 
process called RNA splicing“. The role of RNA splicing, the 
size and position of introns and the signals which modulate the 
splicing process are under intense investigation. These studies 
have been greatly facilitated by the use of viral mutants or 
viral-eukaryotic recombinant molecules. The §V40 system has 
been of particular value in elucidating certain genetic elements 
which are critically involved in the splicing process”. Further 
insight into the biological significance of the splicing process has 
come from a mutant from which precisely one intron has been 
removed (intron-minus mutant, d1-2350). This deletion mutant 
has the potential to circumvent the need for splicing. However, 
the inability of d1-2350 to accumulate late viral transcripts 
indicates that splicing is a requirement for the biogenesis of 
stable mRNA”. This finding is supported by studies using the 
mouse B™ globin gene inserted into SV40. The inserted 
portions contained either the complete globin gene” or a seg- 
ment encompassing the intron plus the entire 3' end of the 
gene’*. As polyadenylation is known to precede splicing””, the 
possibility exists that every transcript possesses sequences near 
the 3’ end that are directly involved in the splicing process. We 
report here that, to test this possibility as well as to pursue the 
question of whether the splicing event and/or defined sequences 
in the intron are required for the biogenesis of mRNAs, we 
inserted an isolated intron lacking its own genomic 5’ and 3’ ends 
into the intron-minus mutant previously described. The 
experimental protocol provided for obtaining both possible 
orientations of the insert relative to the late genomic region. 
Investigation of the transcriptional products indicated that 
stable mRNA was produced only by the mutant containing the 
intron in the sense orientation. 

There are, however, a few reported examples of abundant 
unspliced cytoplasmic mRNA. These include the histone 
mRNAs** (which also differ from most other eukaryotic tran- 
scripts in having an abbreviated or absent 3'-polyadenylation 
signal) and the messenger for adenovirus polypeptide IX”. 
Whether these examples are fundamentally different from the 
majority of eukaryotic genes studied thus far, or if there is a 
special category of unspliced stable transcripts remains to be 
determined. 

The in vitro construction of the recombinants is outlined in 
Fig. 1. An EcoRI fragment containing the entire chromosomal 
portion of the mouse B™* globin gene’? was cloned at the 
EcoRI site in pBR322. This DNA was cleaved with Hind] anda 
fragment 573 nucleotides long was isolated by gel electro- 
phoresis. This fragment represents the small intron (intron J) of 
mouse B™ globin chromosomal DNA plus some flanking 
sequences, but lacks the 5’- and 3’-terminal sequences of the 
B™” globin gene. An enzyme which conveniently cuts at a single 
site present in the late region of the intron-minus mutant 
(d1-2350) is Hpall. This recipient site is located in the leader 
region of d1-2350, 221 nucleotides upstream from the donor 
splice junction’’”°, for the SV40 16S mRNA. The cleavage of 
di-2350 DNA with Hpall thus results in a linearized DNA 
containing ‘sticky’ Hpall ends. To obtain efficient ligation of the 
globin intron fragment harbouring ‘blunt’ HindIII termini to the 
linearized DNA, the HindlIl ends were converted to Hpall ends 
by the addition of synthetic oligonucleotides (linkers). Liga- 
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Fig. 1- Insertion of mouse B™* globin 
intron I into SV40 d1-2350. Plasmid DNA 
(pBR322) containing the active mouse B™” 
globin gene’*?* insert was cleaved with 
Hindli and a fragment of 573 nucleotides 
representing the entire intron f plus some 
flanking sequences. was purified. This DNA 
(10 ug) was blunt-end ligated to 2.5 pg of 
Hpall decamer linkers (CCGGATCCGG 
from Collaborative Research) in conditions 
exactly as described by Maniatis et al.*’. The 
DNA containing Hpail linkers was purified 
away from unligated linkers by gel electro- 
phoresis and subsequently cleaved with 
Hpall. A second electrophoresis step was 
used to purify the DNA containing sticky 
Hpall ends. In parallel, $V40 d1-2350 DNA 
(4.5 wg) was reacted with Hpall, extracted 
with phenol and dialysed. The. globin frag- 
ment containing Hpall ends. (1.2 pg) was 
ligated to d1-2350 DNA (4. § ug) in a total 
volume of 100 pl ina buffer (50 mM Tris-HCI 

pH 7.8, 10 mM MgCl, 20 mM dithiothreitol, 
60 uM ATP) using 2 units- ‘T4 DNA ligase 
(Biolabs). The reaction mix was incubated 
for 1h at 15°C, then further reacted for 
16h at 4°C. The ligated recombinants were 
separated from unligated material by agarose 
gel electrophoresis. Purified recombinant 
DNA was used in an infectious centre assay*” 
and complemented with SV40tsA. Many 
plaques were picked and used to grow viral 
stocks in secondary African green monkey 

kidney cells“. 





tion was subsequently carried out using a twofold molar excess 
of globin DNA over the d1-2350 recipient DNA. As Hpall 
termini were present on every end, the insertion of the globin 
intron can occur in both possible orientations relative to the late 
transcription unit. The ligated DNA products were transfected 
into secondary AGMK cells using the facilitating agent DEAE- 
dextran**”°, We used tsA, a helper virus defective in early gene 
function at non-permissive temperature (40 °C)*’, to comple- 
ment the ligated DNA product by providing the missing gene 
functions for the late viral structural proteins VP2, VP3 and 
VP1. The decision to use tsA rather than tsB (which is tempera- 
ture sensitive for VP1) was based on three critical points: (1) As 
tsA provides an intact late region, it non-selectively comple- 
ments all mutants defective in late function(s). The tsA mutant 
should be capable of complementing our ligated recombinant 
molecules, even if no stable mRNA or protein is produced after 
insertion of an intact intron. (2) Regardless of the orientation of 
the inserted globin intron relative to the late transcription unit, 
tsA should complement the recombinant molecule. (3) The 
chromosomal B™ globin DNA fragment providing the intron 
also contains some flanking sequences from the globin gene. 
_ Close inspection of these sequences” reveals the presence of six 
ATG triplets. Should these triplets serve at the RNA level as 
translation initiation codons, they would produce proteins which 
differ from VP1, and would not complement tsB. 

With the help of tsA, many clones were obtained and screened 
for the presence of globin DNA sequences (see Fig. 2). A 
plasmid carrying the entire mouse B™” globin gene was cleaved 
with SacI and the two resulting fragments were separated on an 
agarose gel and subsequently transferred to nitrocellulose filter 
paper’'. The filter was cut into small (3 mm) strips and hybri- 
dized to **P-labelled DNA from cloned recombinants. As an 
example (Fig. 2a, c, d), three mutant clones hybridize 
exclusively to the small (1.15 kilobase) fragment representing 
intron 7 and the 5’ region of the B™” globin gene. One cloned 
mutant (Fig. 25) seems not to contain a globin-specific insert. 

The entire DNA sequence of SV40°”*? and mouse 8™ globin 
is known. Thus, our physical characterization of cloned recom- 
binant DNA could be limited to a few restriction endonucleases 
so as to determine the orientation of the insert. A combination 
of cleavage by endo R Avall and endo R BamHI, and 
subsequent size determinations of the fragments by poly- 
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acrylamide gel electrophoresis, allows an identification of the 
orientation of the inserted globin intron relative to the late 
transcription unit (data not shown). Twc classes of recombinants 
were obtained and are schematically outlined in Fig. 3. In the 
case of the recombinant d1-2350-I, the globin intron is inserted 
in the sense direction, whereas in di-2350-U1 the intron is 
orientated in the antisense direction. 

The structure of the recombinant molecules suggests that 
even after the removal of the intron by a potential splicing 
reaction, a stable transcript should retein a total of 456 nucleo- 
tides (intron flanking sequences) derived from the mouse 8™” 
globin gene. Thus, an mRNA from the recombinant template is 
expected to increase in size by this amount relative to 165 
mRNA transcribed from the tsA Felper template. Should 
unspliced recombinant mRNA be present, the size increase 
would be 456+ 116 = 572 nucleotides. To identify such a hybrid 
mRNA and to distinguish between spliced and unspliced tran- 
scripts, cytoplasmic polyadenylated RNA was prepared from 
AGMK cells infected with the recombinants containing the 
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Fig. 2 Screen for recombinants containing the globin insert, DNA was 
prepared from a plasmid containing the entizemouse 6" globin gene. This 
DNA was cleaved with Sacl, an enzyme senerating two fragments. The 
smaller fragment (1.15 kilobases {kb} represents the 5’-end portion (includ- 
ing intron J) of the gene, the larger fragment (10.25 kilobases) contains the 
sequences of the 3’ end. This cleaved DNA (20 wg) was electrophoresed into 
an 1.4% agarose gel (in 0.04M Tris pH 7.8, 0.005 M sodium acetate, 
0.001 M EDTA) and subsequently blotted on to a nitrocellulose fiter 
paper’. The filter paper was cut into steps 3mm wide. Each strip was 
hybridized to a **P-labelled DNA preparation obtained from cells infected 
with the different mutant stocks**. Mutants a, c and d contain the globin- 
specific insert, whereas mutant 5 does not have any detectable globin- 
specific sequences. EtBr, Ethidium bromide. 
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intron in either the sense or the antisense direction. Aliquots of 
both RNA preparations were electrophoresed in duplicate 
through an agarose gel containing methyl mercury hydroxide 
and subsequently transferred to diazotized benzyloxymethy! 
(DBM) paper™*. One track of each preparation was hybridized 
to *’P-labelled SV40 DNA; the second track was hybridized to 
**P-labelled mouse B™ globin DNA. Figure 4 presents the 
results. In the right-hand panel of the gel, RNA from the two 
recombinants (d1-2350-I and d1-2350-II) was hybridized to 
“P-labelled SV40 DNA. In both tracks two bands appear in 
similar positions. These positions are identical to those for the 
165 and 19S mRNAs of the SV40 control (not shown). Thus, 
these classes apparently represent RNA derived from the tsA 
helper genome. In the track containing RNA from the recom- 
binant which has the globin intron in the sense direction, an 
additional band (2,050 nucleotides) appears. This class of 
mRNA is 450 nucleotides larger than 16S mRNA. In addition to 
$V40 homologous sequences, this class of RNA alone also has 
sequences which are homologous to mouse B™ globin DNA 
(Fig. 4, left panel). These observations indicate that the insertion 
of an intron in the sense direction is sufficient for activation of a 
late spliced SV40-containing mRNA. It seems that mouse B™ 
globin intron 7 and its flanking nucleotides are functional as a 
splice signal in heterologous genes even in the absence of its 
original S'- and 3’-genomic end. 

Split genes, containing introns which are not represented in 
their terminally processed RNA, are unique to eukaryotes. The 
precise removal of the intron takes place at the RNA level’. It 
has been suggested that the splicing mechanism is required not 
only for the removal of the intron but also for stabilization of the 
RNA ?52%23, In the present study we have examined directly 
the role of an isolated globin gene intron and its flanking 
nucleotides inserted into a previously constructed $V40 mutant 
lacking precisely the intervening sequence of 16S mRNA 
(intron-minus mutant d1-2350)**. A principal experimental 
difference between this study and previous reports” is the 
rescue of stable SV40 RNA from the splicing defective mutant 
d1-2350 by insertion of an intron derived from a heterologous 
gene. As an intron source we selected a restriction enzyme 
fragment from the mouse B™ globin gene'*”*, representing the 
entire intron J plus some flanking sequences. However, the 5'- 
and 3’-terminal sequences of the globin gene are not retained. 
Construction of the mutant involves insertion of globin gene 
intron J into the late region (0.72 map unit) of d1-2350. The site 
of insertion is 221 nucleotides upstream from the original splice 
junction for 16S mRNA. Thus, the location of the inserted 
intron differs from the original position of the intron for 16S 
RNA. Although the experimental protocol for the insertion 






| d1-2350-H 





Ori gin 


Fig. 3 Physical map of the recombinant DNA. For the establishment of a 
physical map, we concentrated on a determination of the orientation of the 
insert relative to the late transcription unit. A combination of Avall and 
BamHI endonucleases enabled us to determine the orientation by sizing the 
fragments. Both possible classes of recombinant give rise to six specific 
fragments, using these particular enzymes. Four out of those six fragments 
were expected to be identical (1,580, 1,006, 519 and 185 base pairs}. The 
size of the remaining two fragments in the case of d1-2350-1 (sense direction) 
was 867 and 710 base pairs, whereas the insert in the antisense direction 
(d1-2350-I]) yielded twọ fragments of 987 and 590 base pairs. The analysis 
was carried out using 4% polyacrylamide gels (acrylamide = bis, 20:1) for 
electrophoresis in a 0.04MTris pH 7.8, 0.02M sodium acetate, 
0.001 M EDTA buffer. 


allowed ligation in both possible orientations relative to the late 
transcription unit, only the presence of an intron in the sense 
direction rescued stable mRNA. This confirms the earlier 
observation by Hamer and Leder that the polarity of a genomic 
fragment consisting of the 3’ end and large B™* globin intron, 
relative to the SV40 transcription unit, was critical to the splicing 
of the hybrid mRNAs”. A correctly orientated intron can be 
removed in a splicing process, as indicated by the size of the 
resultant chimaeric RNA. It should be emphasized, however, 
that some mouse flanking sequences for globin intron 7 are 
preserved in these recombinant molecules and may be required 
for efficient splicing. Recent studies have suggested that small 
nuclear RNA (snRNA) molecules may serve as a ‘guide’ or strut 
in aligning pre-mRNA sites for splicing? 
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Fig. 4 RNA analysis. Cytoplasmic RNA from the recombinants was 
prepared 48h after infection of secondary AGMK cells with 10 plaque- 
forming units per cell. Cells were treated with 0.5% NP40, 0.14 M NaCl, 
0.01 M Tris pH 7.5 and 0.0015 M MgCl, (ref. 41). Poly(A)-containing RNA 
was selected by chromatography on an oligo(dT)—cellulose column. Aliquots 
of the RNA preparations from d1-2350-1I (sense insert) and d1-2350-II 
{antisense insert) were electrophoresed in a 1.2% agarose gel containing 
methyl mercury hydroxide. Electrophoresis and subsequent transfer of the 
RNA to DBM paper were as described by Alwine et al.**. The resulting 
imprints were preincubated and hybridized with 200,000 c.p.m. of either a 
**P-labelled SV40 DNA or a ”P-labelled plasmid DNA containing the 
entire mouse 8” globin gene. Both probes were made by nick translation 
and had a specific activity of 10° c._p.m. per wg DNA. As a size marker, 
**P labelled restriction enzyme fragments of the indicated sizes were elec- 
trophoresed in a parallel track. The bottom portion of the figure outlines an 
interpretation of the data ithe transcript deriving from the recombinant 
di-2350-I, sense insert). 
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The globin sequences flanking the inserted intron contain six 
ATG triplets, which are potential candidates for translational 
initiation in each reading frame. All precede the actual AUG 
triplet for initiation of VP1 translation. Attempts to clone these 
recombinant molecules using tsB in parallel experiments did not 
result in any plaques containing the recombinants. This obser- 
vation confirms the data of others?” suggesting that the first 
available AUG is in most cases preferentially used as the 
initiation signal for translation. Therefore, VP1 cannot be 
produced in amounts sufficient to complement SV40-tsB. 

The flanking sequences which are preserved do not contain 
either the 5’ or 3’ end of the globin gene. Thus, it seems unlikely 
that either end specific to a particular mRNA is directly involved 
in splicing. Furthermore, the lack of obvious homology between 
SV40 and globin S’ or 3’ ends suggests that no similar sequence is 
likely to be provided by SV40. The comparison of $V40 late 
introns with globin intron 7 did not show extensive homology, 
with the exception of consensus sequences at the splice 
junctions. Nevertheless, the insertion of the globin intron resul- 
ted in the reconstitution of stable RNA. This experimental result 
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provides strong support for the idea that the splicing event is 
coupled to the stability of the RNA. Accordingly, defined intron 
sequences seem less likely to be involved in a positive tran- 
scriptional regulation event. Thus, while the polarity of the 
intron is critical to its function, the species of origin and the 
relative position in the mRNA are not. These observations 
suggest that introns represent functional elements in the 
generation of certain stable mRNAs. 

We thank P, Leder for providing the cloned mouse B™ globin 
gene, M. König and J. Duvall for technical assistance, and C.-J. 
Lai, J. Alwine, R. Dhar, S. Segal and B. Dunn for help- 
ful discussions. P. G. is a recipient of a grant of Deutsche 
Forschungsgemeinschaft. 
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Theoretical analysis of transitions 
between B- and Z-conformations 
in torsionally stressed DNA 


Craig J. Benham 


Department of Mathematics, University of Kentucky, Lexington, 
Kentucky 40506 


Recently, a new structure called Z-DNA has been proposed for 
alternating poly(dG-dC)-poly(dG-dC) sequences based on 
crystallographic analysis of the hexanucleotide’. The Z-form is a 
left-handed double helix containing 12 base pairs per turn. In 
contrast, the Watson—Crick B-form helix is thought to have 
10.4 pairs per turn of right-handed helix’’*. A cooperative, 
salt-induced conformational transition has been observed in 
poly(dG-dC) - poly(dG-dC)*, which has been interpreted as 
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being between the B-form (low salt) and the Z-form (high salt)’. 
We now analyse the possibility that such transitions could occur 
in susceptible sequences in physiological conditions as a 
consequence of the torsional stresses impesed by superhelicity. 
As in vivo DNA commonly occurs in a negatively supercoiled, 
hence underwound, state, these transitions could serve 
important biological functions. Both thermodynamic and sta- 
tistical mechanical theories of stress-induced two-state tran- 
sitions have been developed previously”. Here we apply these 
theories to transitions between the B-form and the Z-form in 
regions of appropriate base sequence. Assuming that the 
unstressed duplex is entirely B-form, we show that when the 
molecule is constrained to be underwourd, susceptible regions 
may transform to the Z-form, thereby absorbing most of the 
torsional deformation. Interestingly, this transition is relatively 
independent of temperature. 

Consider a linear segment containing W base pairs, of which 
Nz sequential pairs may undergo the B-Z transition. Let this 
segment be twisted by q turns away fror its unstressed (hence 
totally B-form) shape. This torsional deformation will be parti- 
tioned between local transitions to the Z-form and smooth 
twisting in both the B- and Z-form regions so as to minimize the 
total conformational free energy involved. Denote the number 
of base pairs per helix repeat in the unstressed B-form by 
Ap = 10.4 and in the Z-form by Az=~i2 (the negative sign 
deriving from the presumed opposite handedness of the two 
forms). Let rg (and 7z) denote the twist rate at which the B-form 
(and Z-form) regions are deformed away from their unstressed 
shape. If n bases occur in the Z-form, hen 
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where 1/A=1/A,-—1/Az. The conformational free energy 
associated to this torsionally deformed structure is given by 
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Here, Cz and Cp are the torsional stiffnesses of the Z- and the 
B-form structures, b is the free energy required to change one 
base pair from B to Z and a is the extra free energy needed to 
initiate the transition in a region. Although Ca is not known, it is 
reasonable to assume that Cz = Cy. Stable conformations occur 
at those values of n and rz which minimize the free energy of 
equation (2)°. It follows that the segrrent must be underwound 
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Fig. 1 The probability of being in the B-form is computed for a 
sequence of N = 80 base pairs, of which Ny = 8 consecutive pairs 
are susceptible to transition to the Z-form. For clarity, the tran- 
sition profiles of a sequence of 40 base pairs containing the 
susceptible region are plotted at varicus values of the torsional 
deformation q. First, when g = 0 all base pairs are in the B-form 
with probability 1. The other four curves are for q = ~O.38n, 
m=1, 4. As the amount of negztive torsional deformation 
increases, so does the probability of sasceptible pairs transforming 
to Z-form. The parameters used in this calculation are T= 298 K, 
g =1.36%10°°, s = 3.86. For intermediate values of q (before the 
transition is complete) the statistical mechanical caiculation gives 
Ta = Tz = ~0.4 deg per base pair. The transitio® profiles calculated 
at 7 = 353K are virtually identical to those shown here. These 
results agree well with those from the thermodynamic anaivsis. 
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by q < -bNA/ 4a’ Cy before stable regions of Z-structure occur. 
When q satisfies this condition, unique non-zero values of n and 
rz exist which minimize the conformational free energy’. These 
are 


n=-qA—(bNA*/42’Cy,) (3) 
Tg = Tz= —-bA/2rC, (4) 


where 0<n < Nz. (If the segment is sufficiently underwound 
that n = Nz, then 7, = rx is found from equation (1). To illustrate 
these results we use values Ca = 8.5 107'* erg base pair rad”? 
and b=0.8kcalmol™' from the literature*’. Then a seg- 
ment must be underwound by 0.33 deg per base pair before the 
onset of transition to structures containing stable Z-form 
regions. When deformed beyond this threshold, enough 
susceptible base pairs switch to Z-structure for the twist rates to 
be maintained at 7g = 7z = —0.33 deg per base pair. Only when 
the segment is so underwound that all susceptible sequences are 
in the Z-form do 7, and rz decrease below —0.33 deg per base 
pair. 

To augment the above treatment we apply the statistical 
mechanical theory of two state transitions in torsionally stressed 
DNA* to the present problem. This renders computable the 
transition probability profiles of specific base sequences, which 
more accurately reflect the fluctuational character of these 
transitions. 

The partition function for this transition is 


Ny 
25. [n 6">] (5) 
n= fe 


where r, enumerates all states containing n Z-form base pairs, s 
is the equilibrium constant for a susceptible base pair, ø is the 
cooperativity factor and y is the number of beginnings of 
sequences of base pairs in the Z-form. Also, 


fo = exp (—2 1’q°CpB/N), (6a) 


27(N—-n)\i? —29*CaBl(q+n/A)* 
Se) ae 

NnCzB N 
O<nu=N, (6b) 


From this partition function one can determine transition 
profiles, the expected value of rg, and other equilibrium proper- 
ties of the system as described in ref. 6. Figure 1 shows the results 
of a sample calculation carried out on a sequence of 80 base 
pairs, of which 8 were susceptible to the transition. Note that 
because the enthalpy of the B~Z transformation is zero‘, this 
two-state transition is not thermal in character, but rather 
depends primarily on the imposed torsional deformation q. 

We have presented two theoretical analyses of transitions 
between B-form and Z-form in torsionally stressed DNA. In this 
initial formulation the possible role of local denaturation (per- 
haps necessary at the junction between B-form and Z-form 
regions, for example) has not been considered. A three-state 
treatment of this problem will be presented elsewhere. Despite 
lack of precise knowledge of several important parameters 
(torsional stiffness Cz, cooperativity factor o), the present 
analysis predicts that B~Z transitions could occur in response to 
the torsional deformations consequent on (negative) DNA 
superhelicity. In principle, it is possible that similar transitions 
also occur between other conformational states of the DNA. It 
has been suggested that stress-induced conformational tran- 
sitions at defined sequences may serve diverse regulatory 
functions by altering the accessibility of the bases’. 
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The hypothesis of Yoshikami and Hagins' that calcium ions act 
as diffusible transmitter molecules between the photochemistry 
of rhodopsin and the subsequent electrical events at the outer 
plasma membrane of rods initiated many investigations on 
light-stimulated calcium release in vertebrate photoreceptor 
cells (see refs 2, 3). Although it now seems firmly established 
that light has some effect on the redistribution of calcium in 
various disk preparations™**, reconstituted systems®” and intact 
rod outer segments’”, the physiological significance remained 
unclear. We previously reported a rapid, light-triggered calcium 
release from binding sites at the disk membrane in the presence 
of calcium ionophore A23187 (refs 3, 8). However, there is no 
evidence for rapid calcium release into the cytosol in the absence 
of ionophore. On fragmentation of intact rod outer segments, 
calcium release due to a light-regulated change of calcium 
binding appeared almost completely abolished**. We describe 
here experiments with sonicated rod outer segments in which 
the previously observed loss of the calcium release capacity has 
been prevented. Calcium release in sonicated disks in the 
presence of A23187 kinetically follows the metarhodopsin 
I/metarhodopsin II transition (7,,.=10 ms, activation energy 
E, = 34 kcal mol”), suggesting that calcium release is triggered 
by this photochemical transition. 

Intact cattle rod outer segments have been isolated according 
to Schnetkamp et al.”. Disk vesicles were obtained by sonication 
of intact rod outer segments in a medium containing sucrose, 
600 mM; Ficoll 400, 5% v/v; HEPES, pH 7.0 2 mM, for 30s at 
40 W. The suspension also contained about 3-4 uM of free 
calcium introduced by the stock suspension of rod outer seg- 
ments. 

Inhibition of calcium release can be prevented by keeping the 
ionic strength of the final suspension medium below 5 mM of 
1:1 electrolyte, irrespective of the fragmentation procedure 
(lysis or sonication) and the fragmentation conditions (for 
example, high or low ionic strength). We conclude that the 
apparent abolition of the release capacity in fragmented rods is 
caused by regulation of calcium binding by cations other than 
calcium which had no access to the site of calcium release in both 
rods with a leaky and an intact plasma membrane. 

Rapid calcium release was followed by means of kinetic flash 
spectrophotometry with the calcium indicator arsenazo (111). 
Details on working with arsenazo OH) and the principle and 
instrumentation of flash spectrophotometry have been reviewed 
elsewhere’, In a suspension of sonicated disks buffered with 
only 2mM HEPES at pH 6.8, pH measurements with the pH 
indicators bromcresol purple and Mg-arsenazo (H1) (ref. 11) 
demonstrated that the total proton buffering capacity 
(membranes and HEPES) is sufficient to suppress light-induced 
pH changes which might give rise to pH-induced absorption 
changes of arsenazo (HI) (not shown). To obtain kinetically 
undistorted recordings of calcium release in sonicated material 
at higher time resolution (Fig. la), signals due to the intrinsic 
photochemistry of arsenazo (HI) (ref. 3) have been recorded 
separately and subtracted from the superimposed calcium- 
indicating signals by means of a signal averager with a data 
reduction program (Nicolet 1072). The signal-to-noise ratio was 
improved by sampling of signals over several repetitions from 
one cuvette. 
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Fig. 1. Time course of the light-induced absorption changes at: a, 
655m and b, 382nm after excitation of sonicated rod outer 
segments by a flash at f= 0 in the presence of arsenazo (H1) and 
A23187. Signals were obtained by averaging from one sample over 
16 repetitions for a and four repetitions for 6 at a frequency of 
0.5 Hz. The optical bandwidth of the measuring beam was 16 nm, 
the electrical integration time 200 us. Further conditions as in Fig. 
2. c, Semilogarithmic plot of the calcium-indicating absorption 
change from part a. 











First, the overall rate constants of the metarhodopsin i/meta- 
rhodopsin II transition are shown in Fig. 3 (closed circles). They 
match reasonably well with the calcium re:ease data (triangles). 


If only the rate constant of the slower xinetic component is 


considered (Fig. 3, open circles) the correspondence, especially 
for higher temperatures, is even better. This is due to the 
temperature dependence of the relative amplitudes of the two 
kinetic phases of the metarhodopsin I/metarhodopsin I tran- 
sition which favours the rapid component at higher tempera- 
tures'?, Notwithstanding this subtlety of a biphasic kinetic 
behaviour of the metarhodopsin I/metar1odopsin IT transition, 
it is obvious from Fig. 3 that both reactions have a similar 
activation energy of about 34 kcal mol`’ 

The similarity of activation energies and time constants of 
both reactions strongly suggests that the calcium release system 
is intimately coupled to the metarhodopsin I/metarhodopsin H 
transition. In agreement with this notio is the linear relation- 
ship between metarhodopsin II formation and the amount of 
calcium release reported earlier”. 

The rapid rise time of the calcium-indicating absorption 
changes in sonicated vesicles probably reflects the actual time 
required for the trigger step to occur. The diffusion time of 
calcium ions from binding sites through zhe suspending medium 
to an indicator molecule’* as well as the relaxation time of 
complex formation between arsenazo (1:1) and calcium“ are too 
short to contribute significantly to the time course of the cal- 
cium-monitoring absorption changes. The mechanism underly- 
ing the slower kinetics in intact rod outer segments probably 
involves an additional reaction step and will be considered 
elsewhere!*, but from the present stud” it is obvious that in the 
presence of 10 uM A23187 the kinetics of calcium release are 
not rate limited by the ionophore. 

For the actual release step two distinct mechanisms may be 
considered. In the first model, calcium is bound directly to 
rhodopsin and released during the metarhodopsin I/meta- 
rhodopsin II transition due to a chenge of the electrostatic 
interaction between calcium and its ccordination groups at the 
rhodopsin molecule. This change could involve spatial separa- 
tion of chelating groups accompanying conformational changes 


The half-rise time of flash-induced calcium release in the 
presence of equal amounts of A23187 (10 pM) depends on the 
structural integrity of rod outer segments (Fig. 2). In intact rod 
outer segments, calcium release occurs more slowly (71/2= 

300 ms) than in sonicated disk vesicles (71/2 = 10 ms). Unlike its 

kinetics, the stoichiometry of calcium released/rhodopsin 
bleached is comparable in both preparations (~0.4 cal- 
cium/rhodopsin*). Light-triggered calcium release in sonicated 
material is depicted in Fig. la at a higher time resolution. A 
semilogarithmic plot of the absorption changes from Fig. la 
reveals that the time course of calcium release can be described 
by a single first order reaction (Fig. 1c). Concomitantly in intact 
rod outer segments and sonicated suspensions the meta- 
rhodopsin I/metarhodopsin II transition has been recorded at 
382 nm. A half-rise time of about 10 ms at 20 °C and at pH 7 was 
observed for both preparations. The time course of this photo- 
chemical transition is shown for sonicated disk vesicles in Fig. 
1b. From inspection of Fig. 1 it is evident that the time course of 
rapid calcium release in sonicated rods in these conditions 
closely parallels that of the metarhodopsin I/metarhodopsin II 
transition. 

To determine the energy of activation for both processes, the 
temperature dependence of the respective rate constants has 
been investigated in similar conditions (Fig. 3). Rate constants 
have been calculated from overall half-rise times according to 
© 1f/tij2=k(In 2)". The metarhodopsin I/metarhodopsin II 

transition exhibits pH- and temperature-dependent biphasic 
kinetic behaviour (ref. 12 and our unpublished observation) and 
therefore two ways of analysing the data have been adopted. 
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Fig.2 Time course of the light-induced absorption changes at 
655 nm after excitation of intact and sonicated rod outer segments 
(ROS) by a flash at f= 0 in the presence of arsenazo (01) and 
ionophore A23187. Suspension medium contained: sucrose, 
600 mM; HEPES, 2 mM; Tris, 0-5 mM at pH 7.0; arsenazo (H), 
30 uM; A23187, 10 uM; free calcium concentration 3-4 uM and 
rhodopsin, 3.5 uM. Fraction of rhodopsin bleached/flash about 
4%. Cuvette path length 10 mm. Teriperatuse, 20°C. Excitation 
wavelength, 530 nm; half duration of excitation flash 10 ns. Signals 
were obtained by averaging from one sample over four repetitions 
at a frequency o 0.1 Hz. 
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Fig. 3 Arrhenius plot of the temperature dependence of the 

calcium release (A), the metarhodopsin I/metarhodopein II tran- 

sition (@), and the slow component of the metarhodopsin- 

I/metarbodopein H transition (O) in sonicated rod outer segments. 
Further conditions as in Fig. 2. 


within rhodopsin. In the second model, a reorientation of male- 
cular dipoles within the rhodopsin, molecule or rapid proton 
uptake? could decrease an interfacial potential at the disk 
membrane. According to Kp= Kb exp(—2ep/kT) the 
apparent binding constant Kp of calcium binding sites (not 
necessarily on rhodopsin) is dependent on the surface potential 
(K| = binding constant in the absence of ‘any interfacial 
potential). Consequently any change of an interfacial potential, 
will result in a redistribution of calcium bound to the membrane. 

It is difficult to decide between the models outlined above. 
The close correlation between calcium release and the meta- 
rhodopsin I/metarhodospin I transition could be interpreted in 
favour of the first model. However, the fact that rapid calcium 
release is completely abolished when rod outer segments are 
dissolved in either nonylglucose (gift of Dr W. J. de Grip, 
Nijmegen) or Triton X-100 (not shown) would be difficult to 
explain if calcium were directly bound to rhodopsin. A more 
detailled account of the interrelationship between calcium 
release, rapid proton uptake and interfacial potentials will be 
published elsewhere”. 

This work was financially supported by the Deutsche For- 
schungsgemeinschaft. 
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A novel conformation of __. 
valinomycin in its barium complex 


S. Devarajan, C. M. K. Nair, K. R. K. Easwaran 
& M. Vijayan 


Molecular Biophysics Unit, Indian Institute of Science, 
Bangalore—560 012, India 


Knowledge of the motecniar mechanisms involved in iono- 
phore-mediated cation tramsport would be valuable for under- 
standing many essential functions of biological membranes’. 
Cations are transported in several stages, such as formation of 
the ftomophore—cation complex, diffusiom across the cell 
membrane and subsequent release of the cation. Several con- 
formational rearrangements are involved in this process, and so 
a detailed understanding of all the conformational possibilities 
of the fomophore seems to be essential for clucidating the 


ble conformational stages of jionophores by complexing them, in 
different solvents, with cations of various sixes and charges. We 
report here a novel conformation of the lonophore valinomycin 
in its barium complex. It can be described as an extended 
depsipeptide chain, without internal kydrogen bonds, wound in 
the form of an ellipse with the two barium lons located at the 
foci. 

Spectroscopic studies in solution (for example, circular 
dichroism (CD) spectra shown in Fig. 1) carried out by us 
indicated that the conformation of valinomycin in its barium 
complex was different from those in uncomplexed valinomycin 
and its complex with monovalent cations. Barium perchlorate 
and barium thiocyanate were used to investigate complexation 
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Flg.1 CD spectra in acetonitrile of free valinomycin (O), its 1:2 

barium perchlorate complex (A) and its 1. 1 potassium perchlorate 

complex (@): The concentration of valinomycin was 29 mM (O, A) 

‘and 9 mM (@). In the potassium perchlorate complex the molar 

elipticity, [9], continuously increases with decrease in A with a [0] 
value of 25,000 deg cm? per dmol at A = 210 nm. 
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Fig. 2. The location of the valinomycin molecule, the barium ions 
and the perchlorate groups as viewed along the c axis in the crystals 
of.a 1:2 valinomycin-barium perchlorate complex. 


of valinomycin with Ba’*. CD data on the titration of barium 
perchlorate with the ionophore in acetonitrile indicated 
valinomycin-Ba**. complexes with 2:1, 1:1 and 1:2 stoi- 
chiometries, although the conformation of the molecule stabil- 
ized only at high salt concentrations (S.D. and K.R.K.E., in 
preparation), CD could not be used with barium thiocyanate 
because of the high UV absorption of the thiocyanate group. 
‘However, proton NMR indicated a stable 1:2 valinomycin- 
barium thiocyanate complex, although the titration curve based 
on NMR data for the thiocyanate salt was different from that for 
the perchlorate salt (S.D. et al., in preparation). Thus, it seemed 
that valinomycin could form 1:2 complexes with barium perch- 
lorate as well as barium thiocyanate and we decided to attempt 
X-ray crystallographic studies on these complexes. 

Complexes (1 : 2) of valinomycin with barium perchlorate and 
barium thiocyanate were crystallized by slow evaporation of 
slightly aqueous acetonitrile solutions containing the respective 
components in molar proportions. The crystals were mounted in 
thin-walled glass capillaries together with the solvent. X-ray 
diffraction photographs showed that the valinomycin~barium 
perchlorate complex crystallizes in the orthorhombic space 
group P2,2,2, with a = 28.304 A, b = 16.938 A, c = 19.543 A 
and z = 4, whereas the thiocyanate complex crystallizes in the 
monoclinic space group C2 with a = 29.48 A, b = 16.49 A, c= 
19.92 A, B =111.4° and z = 4. X-ray intensity data from both 
the crystals were collected on a computer controlled four-circle 
CAD-4 diffractometer using graphite monochromatized MoKa 
radiation to a maximum Bragg angle of 23°. The structure of the 
barium perchlorate complex was subsequently determined by 
the heavy atom method and refined by the block-diagonal 
structure factor least squares technique to an R value of 0.13 for 
3,504 observed reflections (J > 2e(/)). So far, the two barium 
ions and all the non-hydrogen atoms belonging to the 
valinomycin molecule, the four perchlorate groups and four 
water molecules have been located. 

The location of the barium ions, the valinomycin molecule 
and the perchlorate ions in the crystal structure is shown in Fig. 
2. The main-chain dihedral angles* in the valinomycin molecule 
correspond approximately to those for an extended chain. The 
molecule can be described as an extended depsipeptide chain, 
with no internal hydrogen bond, wound in the form of an ellipse 
with the barium ions located at the foci. Three consecutive 
amide carbonyl groups coordinate to one of the barium ions 
whereas the remaining three consecutive amide carbonyl groups 
coordinate to the other barium ion. The coordination of the 





cation is completed by perchlorate and water oxygens. Phe 


7 r i 


conformation of valinomycin observed in tre structure is totally 


different from those found in the crystal structures of- | 


uncomplexed valinomycin”® and its potassium complex’. It is 
also different from the conformations unambiguously charac- 
terized so far in solution studies’. 

We thank the University Grants Commission and the 
Department of Science and Technology. India, for financial 


assistance, and Dr A. M. Shaik for help with data collection. The > 


atomic coordinates have been deposited in the Crystallographic 
Data Bank, University Chemical Laboratory, Lensfield Road, 
Cambridge, UK. 
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While investigating circular polarization in laminescence'’, and 
having found it in chemiluminescence’*, we have studied 
bioluminescence because it is such a widespread and dramatic 
natural phenomenon**. We report here that left and right 
lanterns of live larvae of the fireflies, Paoturis lucicrescens and 
Photuris versicolor, emit circularly polarized light of opposite 
sense. 

Firefly larvae (Fig. 1) were gatherec in the US and sent by 
airmail to The Netherlands. They were alive up to and during 
most of the experiments. In our first attempts to detect polariza- 
tion of luminescence, we measured the total light emission from 
both lanterns of the larvae. The results were puzzling and 
disappointing; vanishingly small circular polarization was 
observed, with only a few exceptiors. To our surprise, we 
noted—fortuitously—that measurements of the light emission 
from the left or right lanterns separately gave more constant and 
encouraging results. During the latter experiments one 
important fact was established. By shifting and rotating the 
lanterns through many angles and postions with respect to the 
optical axis of the apparatus, we found that orientational arte- 
facts could not be the origin of te circular polarization 


subsequently measured. Whereas in these early experiments we 


used excised lanterns rigidly mounted in a cell, in the later 
experiments we preferred to attach entire larvae with fine wire 
to a holder. The holder was positioned in front of a diaphragm so 
that one lantern only was fixed onto the optical axis of the 
apparatus. Continuous bioluminescence, lasting from several 
minutes to an hour, was achieved by feeding the larvae with a 
concentrated solution of racemic amphetamine hydrochloride in 
water. Luminescence usually began 5-30 min after the addition 
of amphetamine. Measurements were then made immediately. 

The circular polarization of luminescence was measured as 
the anisotropy factor Or gum factor U—~-Jp)/ih. + Íp) The 
difference in the numbers of left and right circularly polarized 
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Right lantern Left lantern 


Fig. 1 Sketch of the firefly larva (ventral view). The shaded spots 
at the bottom represent the lanterns. 


photons emitted, / — Ir, was modulated at a frequency of 
50 kHz and detected as alternating photocurrent; the average 
luminescence (I +k) was measured as direct 
photocurrent"? ?, Measurements of circular polarization of 
bioluminescence (CPBL) of 16 firefly larvae lanterns are shown 
in Fig. 2, revealing that the left and right lanterns emit polarized 
light of opposite sense. Within each group there is a considerable 
variation in the total light emission and values of g for the 
individual lanterns. In these experiments, the construction of the 
sample holder prevented a detailed investigation of orien- 
tational effects. However, on the basis of results of earlier 
experiments, we believe that neither position effects nor those 
due to linear polarization could have decisively affected our 
result. 

What is the origin of the CPBL, and what is the origin of the 
difference in handedness shown by the left and right lanterns? 
According to the accepted mechanism of firefly bioluminescence 
mediated by luciferin, an achiral emitting state, III* (see Fig. 3), 
is involved*'*-'*. This achiral excited state, by itself, offers no 
possibility of explaining the CPBL. It may be argued however, 
that the true excited state consists of a complex between the 
achiral HI* and the enzyme luciferase. Such a chiral excited state 
complex should, in principle, be capable of emitting circularly 
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Fig. 2 Results of measurements of circular polarization of 
bioluminescence of firefly larvae lanterns with sufficiently high 
emission intensity. The height of each bar represents the g value for 
an individual lantern of Photuris lucicrescens (X) or Photuris versi- 
color (@). Superimposed bars refer to the effect of orientational 
changes (see text). The circular polarization is measured at the 
peak of the emission band at a wavelength of 540 nm using a 
spectral bandwidth of 40 nm. The rms. noise level corresponds 
with g= 5x10, 
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polarized light’*. A second explanation would invoke a circu- 
larly dichroic medium capable of partially absorbin g the emitted 
light. Neither of these two modes can explain why the left and 
right lanterns emit polarized light of opposite sense, unless 
enantiomeric enzymes, active sites or membranes are proposed. 
In the absence of any evidence for enantiomeric Structures, we 
are forced to conclude that the CPBL of opposite sense must, at 
least in part, be based on a macroscopic phenomenon rather 
than on molecular chirality. 
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Fig. 3 Schematic mechanism of luciferin/luciferase biolumines- 

cence. Oxygenation of luciferin (1) yields the intermediate H which 

in turn releases CO), resulting in the production of II] (or, by 

H*-abstraction, the enol dianion) in an electronically excited state. 

This state emits a quantum of light as it goes to its electronic ground 
state, 


We propose the following hypothesis. The light from a 
bioluminescent emitter may be (partially) plane polarized due to 
anisotropy of an absorbing medium or, more likely, by inhomo- 
geneous formation of excited states due to local molecular 
organization within a photocyte *. This plane polarized light will 
become elliptically polarized when it passes through a linearly 
birefringent medium. Orientated biopolymers can serve as such 
a medium. On a macroscopic scale the larvae, like many living 
organisms, have a symmetry plane dividing the lanterns. In this 
sense the lanterns are enantiomeric, even though their consti- 
tuent molecules are of the same chirality; they may be viewed as 
macroscopic meso-structures. It is reasonable to assume that 
this macroscopic mirror image relationship holds on the level of 
the membrane structure and orientation of the emitters. This 
will result in circularly polarized light of opposite sense. The 
emitters from one lantern emit partially plane polarized light 
making angle +X° with the fast axis of its linear birefringent 
medium. The result is ellipticity of one sense (+ Y). The mirror _ 
image relationship of the emitters in the other lantern results in 
partially plane polarized light with angle —X° with respect to the 
fast axis of its linear birefringent medium. This must result in 
ellipticity of opposite sense (~ Y). We may expect, then, that the 
meso-orientated lanterns in any bioluminescent organism will 
emit circularly polarized light of opposite handedness, provided 
the chirality on the molecular level does not exceed the effect. 
The results described above suggest experiments dealing with 
the linear polarization of firefly larvae bioluminescence. Such. 
experiments are planned. 
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Fuel for the ‘back-end’ debate 


lan Smart 


THE ‘back end’ of the commercial nuclear 
fuel cycle, covering what happens to fuel 
material after its. irradiation and 
withdrawal from power reactors, has had 
more attention and words lavished on it 
since 1976 than, arguably, it deserves. It 
contributes a trivial proportion to the cost 
of nuclear electricity. It offers more 
technical choices, and fewer imperatives, 
than earlier stages in the cycle. And, while 
no one doubts that plutonium from 
spent power reactor fuel can be used in 
nuclear explosives, the danger of that 
particular route to nuclear proliferation, in 


relation to others, has frequently been 


exaggerated. Yet the floods of emotion and 
typescript continue to rise around the fuel 
cycle’s back end: around nuclear waste 
management, around reprocessing and the 
recycling of its products, and around the 
handling of spent fuel itself. 

Reasons for this almost obsessive 
concern are obvious: the prospect of a so- 
called ‘plutonium economy’, based on 
exploiting back-end opportunities, is 
genuinely arresting. On the one hand, the 
consequential introduction of commercial 
fast breeder reactors is seen by some as a 
necessary graduation from nuclear 
infancy, but by others as a leap into 
economically uncharted and technically 
dangerous obscurity. On the other hand 
the issue of nuclear weapons proliferation 
raised by widespread commercial 
separation of plutonium is quantitatively, 
even if not qualitatively, new. And, to cap 
it all, any discussion of the back end, with 
or without reprocessing, touches the 
problem of nuclear waste, management of 
which provokes more environmental fears 
—- together with more complacency, 
superstition and reciprocal condescension 
— than any other topic in the nuclear 
debate. One may regret that so much time is 
spent in writing or reading about the back 
end, at the risk of ignoring what may be 
more pressing difficulties in the rational 


and safe development of nuclear power, | 


but one cannot be surprised. 

The pathetically familiar polarization of 
the back-end debate is well illustrated by 
conflicting images of spent reactor fuel 
itself: on one side the image of spent fuel as 
a ‘plutonium mine’ of immediately 
valuable fissile material, to be extracted 
and exploited for good or ill, on the other 
the image of it as merely one form of 
nuclear waste, to be buried away out of 
sight and reach as quickly as possible. Both 
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views are caricatures, justifiable only by 
ignoring the time factor. In the main, spent 
fuel is currently a nuisance, encumbering 
storage ponds at reactor sites and imposing 
additional costs on utilities. Yet the 
reactors concerned have extracted less than 
1% of the energy potentially available in 
the uranium originally mined. The rest 
remains locked up in the spent fuel, as 
plutonium and depleted uranium, or in the 
tails at enrichment plants, to be extracted 
only if and when fast breeder reactors are 
commercially feasible and widely 
available. That day may not come, and 
spent fuel may remain a radioactive 
nuisance. Meanwhile, however, to treat it 
as nothing but waste would be like refining 
crude oil merely to extract bitumen for 
roads, and then setting fire to all that 
remained because the internal combustion 
engine was not yet ready for commercial 
service. Today’s burden may be 
tomorrow’s scarce resource. 

One merit of this book is that it 
studiously avoids caricaturing spent fuel as 
either immediate gold or permanent dross. 
Although it starts from the premise, 
espoused by the Carter administration, 
that commercial reprocessing is currently 
uneconomic and politically undesirable, it 
acknowledges that circumstances may 
change, and that the ways in which spent 
fuel is handled today must not preclude 
using its plutonium content in the future. 


From there, it moves to the judgement 


that, to ease pressure on storage at reactors 
while also preventing an allegedly 
dangerous increase in the volume and 
distribution of reprocessed plutonium, 
more ambitious provision must be made 
for away-from-reactor (AFR) storage, 
which could usefully be under some kind of 
international control. The task it then sets 
itself is to explore the manner in which an 
international spent fuel storage 
arrangement might be set up in different 
regions of the world. 

So far, so good. Whether or not too 
much time has recently been spent in 
agonizing over the back end, nothing hike 
enough careful thought has yet been given 
to how, in the real world, international or 
multinational arrangements might reduce 
the fears of proliferation, environmental 


damage or public rejection which surround 
various stages of the fuel cycle. It is 
encouraging, therefore, to find that ‘a 
working group of fifteen scholars and 
professionals, representing a ‘diversity. af 
academic levels, professions, experience, 
and nationalities, met biweekly over the 
course of a year”’ at Harvard, and that here 
we have 11 of their papers, dealing not only. 






with politics, technology and economics at z 


a general level but also with five major 
world regions. Marvin Miller shows that, 

although more development is needed, 
there are technical methods of storing 
spent oxide fuel safely (and retrievably} for 
at least 25 years. Boyce Greer and Mark 
Dalzell outline an ingenious economic 
model which suggests that all except the 
largest reactor-operating countries might 
well save a lot of money during that period 
by sending their spent fuel for storage in 
large international facilities, even at a 
considerable distance. The editors, David 
Deese and Frederick Williams, providi 
introductory discussion of- the political 
options available and of the political 
criteria which are likely to determine the 
location of any international spent fuel 
store, and reach the sensible conclusion 
that the right approach to building an 
international regime is a gradual and 
incremental one, serving energy as well as 
non-proliferation concerns and. eschewing 
dramatic or, above all, unilateral, policy 
excursions. And Tariq Osman Hyder adds 
a crucial warning that no such regime will 
be created unless developing as well as 
developed countries are convinced in 
advance of its equity. A foundation of 
realism and feasibility seems to have been 
laid. 

Thereafter, unfortunately, everything 
slides downhill, The papers on political 
prospects in specific regions, clearly 
drafted as essays for a biweekly seminar, 
are altogether slighter contributions, 
uneven in technique and quality and 
sometimes uncertain on fact. All are 
ultimately pessimistic. Melvyn Nathanson, 
while offering the eccentric thought that 
the USSR might store spent fuel from 
outside Comecon, regards internationally 
controlled storage arrangements as 
irrelevant to Eastern Europe. Onkar 
Marwah sees none but the remotest 
prospect of Indian Ocean countries 
subscribing to such dn arrangement, and 
then only if a regional store on a remote 
French or Australian island accepted 
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Carlos Astiz are driven back to suggesting 
Paraguay or Uruguay as the only possible 
hosts for a Latin American store. Richard 
Broinowski is hardly more optimistic 
about Asia and the Middle East, and 
Robert Gallucci even less encouraging, if 
that is possible, about Western Europe. At 
the end, therefore, the editors, concluding 
sadly that there is little chance of rational 
economic arguments overriding ‘‘the 
centrifugal forces of international 
politics”, leave one asking whether the 
dinner was worth the detour. 

It may be because their surveys of 
regional politics so depressed them that the 
editors and authors found no reason even 
to consider some of the most obtrusive 
problems in working towards international 
or multinational fuel cycle arrangements. 
There is no discussion here of the criteria 
which should govern the release of spent 


' t uel from a few. fully. 
plants. Victoria Johnson and . 


almost nothing about institutional form or 
organization: how rights, responsibilities, 
costs or authority might be pooled, 
distributed or devolved. These are glaring 
omissions, which inevitably detract from 
the book’s value. They might nevertheless 
be justified if the political prospects were as 
impenetrably gloomy as here indicated. 
The hard fact, however, is that the political 
analyses in the volume often verge on the 
simplistic, and are forced, moreover, 
towards pessimism by questionable 
underlying assumptions: that international 
arrangements for spent fuel storage must, 
for example, be addressed in isolation from 
other fuel cycle functions, or that 
membership of any multinational fuel 
cycle institution must be drawn from a 
single geographical region. Above all, 
those responsible for the study have steered 
so far away from the Scylla of believing 
that political obstacles will vanish in the 


fuel from international custody. There is — face of an intellectually coherent scenario 


“that they have fallen victim to the 
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Charybdis of equating the politically 
difficult with the palpably impossible. 
The authors are to be praised for 
venturing into turbulent waters which it 
may be politically essential for 
governments to explore thoroughly during 
the next few years, and for setting up some 
preliminary aids to navigation. At the end 
of the day, however, their courage seems to 
have failed, because they have judged the 
icebergs of politics to be immutable. It is 
not necessary, and it may not be wise, to 
assume that national policies must be as 
unalterable, or diplomacy always as 
impotent, as their conclusions would 
suggest. w 





lan Smart is an independeni adviser on 
international energy affairs, and was Chairman 
of the International Consultative Group on 
Nuclear Energy (1977-80). 





Learning from the 
Arctic peoples 


John Ebling 


The Human Biology of Circumpolar 
Populations, International Biological 
Programme 21. Edited by F.A. Milan. 
Pp.367. (Cambridge University Press: 
Cambridge, 1980.) £35, $75. 


THE Arctic regions were the last major 
environment to be conquered by Homo 
sapiens. The radiation of human beings 
into colder climes northwards and 
southwards from the tropics probably 
started about half a million years ago and 
extended into western and central Europe 
under condigions of great cold during the 
Pleistocene. At the end of the Old Stone 
Age, the use of clothing enabled the human 
hunters to follow the retreating ice of the 
Third Wiirm Glaciation into the Eurasiatic 
land mass and finally to move into the New 
World. What adaptations were involved? 
In general, the physiological differences 
between modern circumpolar peoples and 
those more favoured climatically are not 
striking. They may, perhaps, show an 
earlier onset of cold vasodilation and have 
uniformly warmer fingers, but their eyes 
differ little, even though they are exposed 
to continuous low temperatures, blowing 
snow in winter and high ultraviolet 
radiation in spring. In the far Arctic, 
people survive mainly on protein, without 
any obvious source of essential vitamins, 
and generate necessary glucose from amino 
acids. The polyunsajurated fats from seal 
and whale oils keep plasma cholesterol and 
heart disease at enviably low levels. | 
` The Human Biology of Circumpolar 


* 


Populations is an admirably edited source 
book with contributions from Canada, the 
USA, Denmark, Norway, Finland, France 
and the USSR. The chapters deal in turn 
with the demography, genetics, cranio- 
facial features, ophthalmology, 
anthropometry, nutrition, physiology and 
behaviour of the 16 indigenous Arctic 
peoples, ranging from the Lapps of 
Scandinavia to the Eskimos of Greenland 
and including the lesser known Siberian 
groups and the Ainu. 

The publication of such a book, and the 


Ecological view of 
marine animal 
diseases 


R.J. Roberts 


Diseases of Marine Animals. Vol.1. Edited 
by O. Kinne. Pp. 466. (Wiley: Chichester, 


UK, and New York, 1980.) £25, $73.15. 


BECAUSE of the span of our knowledge, 


and the complexity of the subject, 
pathology books are nowadays generally 
multi-author volumes which deal with a 
single species (usually human beings) or 
even a single organ system. Comparative 
pathology texts are few and generally relate 
to specifically defined groups of economic 
significance such as domesticated animals 
or teleost fish. Only a brave, or naive, 
person would attempt to write a textbook 
covering the diseases of virtually the entire 
animal kingdom in so far as it inhabits the 
marine environment. Surprisingly this 
brave man is not Otto Kinne, whose name 
appears as editor on the cover of this first 
volume in a series of four, but one G.H. 


special studies of the International 
Biological Programme which went into its 
making, are timely. The circumpolar 
peoples are changing. Alcoholism, leading 
to accidents, violence and other social 
disorders, is on the increase. There is much 
that our society needs to learn from them 
before they are destroyed by contact wath 
us. 


John Ebling is Professor of Zoology in the 
University of Sheffield, UK. 


Lauckner who has apparently been 
responsible for the entire content of all four 
volumes apart from the two very general 
introductory chapters. He appears to have 
received less than adequate credit for this 
mammoth task. 

Dr Kinne is a distinguished marine 
ecologist and in the foreword to this first 
volume he gives his view that disease is 
primarily an ecological phenomenon. This 
is a very different attitude to that of the 
majority of comparative pathologists and, 
I suspect, of commercial aquaculturists 
and fishery biologists as well. It is true, 
however, that marine ecologists have too 
often focused exclusively on holistic 
ecosystem properties and food-web 
interrelations in ignorance of the impact of 
diseases on populations. It is a stated aim 
of this series to synthesize all of the 
information available to allow the 
ecological significance of diseases in the 
marine environment to be appreciated. 

This first volume covers the lower 
invertebrates, ranging from the Protozoa 
to the Gastropoda. These are the groups 
covered by the smallest amount of 
published literature in comparative 
pathology, and thus for many of them the 
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scarcity of documentation is perforce out 
of all relation to their importance to the 
marine ecologist. This is no fault of Dr 
Lauckner’s but it does impede the objective 

of helping biologists to give disease its 
appropriate place within the marine 
ecological model. 

Since very few of the invertebrates 
covered in this volume are cultured, or even 
fished, the economic incentive for the 
detailed scientific study of their diseases 
has been absent. Most of the records of 
such diseases are one-off observations 


rather than systematic studies and often 
even Dr Lauckner is unable to do more 
than detail the paucity of available 
information. 

Although the book is well produced and 
beautifully printed, most pathologists 
(though not, I suspect, parasitologists) 
would jib at the extensive use of line 
drawings rather than photomicrographs in 
all but a very limited number of instances. 

The gathering together of such a mass of 
information, often related only by its 
ecosystem, and its synthesis into a review 





of this magnitude ce great 
determination. As a source of information ~ 
for scholars of a wide range of subjects it 
will be invaluable. | doubt, however, if it 
will substitute for a specific monograph on 
any of the groups covered, It is neither 
specialized enough nor complete. 1 do 
expect, though, that the complete series 
will find its place in any library attempting 
to cover the field of marine biology. 5 
ae ac LAEE A et ee tne 
RJ. Roberts is Director of the institute of 
Aquaculture at the Usiversity af Stirling, UK. 








An ‘ax iomatic’ 
approach to 
quantum mechanics 


JL. Martin 

Quantum Mechanics. By A. Böhm. Pp. 
- 522. (Springer: Heidelberg and New York, 
1979.) DM 58, $31.90. 





IN WRITING about quantum mechanics, 
where does an author begin? There are 
several possibilities. He may struggle 
through the historical development of the 
subject, with all its gropings and false starts 
— excellent in its place, but not in a 
standard text. He may begin with 
elementary physical examples, and using a 
judicious mixture of assertion, intuition, 
correspondence principle and Ehrenfest’s 
theorem — uncluttered with too much 
mathematics — attempt to lead the reader 


into a ‘feel’ for the subject. Or he may . 


adopt an ‘axiomatic’ approach: ‘Here are 
the rules; where do they lead?’. The trouble 
with this last option is that the reader who is 
looking for enlightenment may have to 
journey for too long in the dark before the 
dawn of what it is all about. 

This is an ‘axiomatic’ book, and I would 
hazard the opinion that it is not for the 
physicist — not even for the theoretical 
physicist — but for the mathematician who 
is already familiar with the basic structure 
of quantum mechanics. Moreover, the 
selection of topics obviously reflects the 
author’s personal interests to a degree; thus 
I find it difficult to recommend the book as 
a text, as the coverage is so uneven. It may 
well be useful to anyone with an interest in 
the mathematical aspects of quantum 
mechanics, developed from a particularly 
algebraic point of view. (The very first 
mention of a physical system, p.10, runs: 
“The mathematical image of a physical 
system is an operator *-algebra in a linear 
scalar-product space X ’’. This sets the tone 
of the book as a whole.) The reader who 
wishes to learn to use quantum mechanics 
as a tool will be disappointed; a glance at 
the problems at the end of each chapter will 
confirm this. Compare them, for example, . 
with those in classics such as Schiff 


(Quantum Mechanics. McGraw-Hill: New 
York, 1968). 

In reading the book, I felt I was listening 
to the lectures. The presentation in parts 
was too discursive and rambling for my 
taste: after all, the reader can re-read the 
text if he needs to, and writing a book is a 
golden opportunity to tighten up a lecture 
style into something more terse and tidy, in 
which the wood can be seen in spite of the 
trees. 

There are many small and usually 





Controversial view 
of primate evolution 


R. D. Martin 


Evolutionary History of the Primates. By 
Frederick S. Szalay and Eric Delson. 
Pp.580. (Academic: New York and 
London, 1980.) $48, £31.20. 








THERE has been a great proliferation of 
research into the evolutionary radiation of 
the primates over the past 15 years. Re- 
analysis of the evidence has benefited from 
new palaeontological work, from a virtual 
explosion of new information on living 
primates (notably including biochemical 
data) and, above all, from reassessment of 
the methods used to infer phylogenetic 
relationships. As primate palaeontologists, 
Frederick Szalay and Eric Delson have 
both made significant contributions in the 
first of these areas, and Evolutionary 
History of the Primates is accordingly an 
authoritative and competent guide to the 
great array of recognized primate fossils. 
A brief introduction includes, among 
other things, a handy chronological 
catalogue of known primate fossil sites and 
a simple outline of primate molar tooth 
morphology. The methods used for in- 
ferring evolutionary relationships, which 
owe much to Hennig, are touched upon; 
but this all-important aspect should have 
been discussed in full detail, especially 
since the authors themselves admit to a 
divergence of opinion. The bulk of the 
book consists of a systematic survey of 
primate groups, with notes on extant forms 





unimportant misprints which betray a lack 
of care at the proof-reading stage — 
‘“‘communication ~elations’’ (p. 41); in the. 
index under ‘‘Selection rules”, ‘‘hydrogen 
bomb” should surely be “hydrogen 

atom”. And by the way, the Argand 
diagram was not introduced to help us. 
understand the scattering amplitude. Jean 
Robert Argand did his work in 1806! a 








J.L. Martin is Reader in Physics ai King’s 
College, Universit? of London, UK. 


and extensive, well-illustrated descriptions 
of the fossils. Ir this respect, the book will 
undoubtedly se-ve as a valuable reference 
source and its usefulness is enhanced by a 
selective bibliography and a glossary of 
terms. Numerous good-quality scaled 
photographs combine to make this the 
most comprehensive primate fossil guide 
available to date, and it is to be recom- 
mended to anyone with an interest in 
primate evolution. 

A sharp distinction must be drawn, 
however, between the mere description of 
fossil primate material and its inter- 
pretation witun a comprehensive evolu- 
tionary framework. A severe limitation of 
this book lies -n the exclusion of virtually all 
information other than that derivable from 
teeth and bores. It is particularly surprising 
that there is barely a reference to the 
evolution of the primate brain, since 
endocasts are now available to document 
fundamenta. features in numerous fossil 


primate species. In their introduction the ae 


authors accept that the reliability of 
phylogenetic inferences increases with the 
scope of the data analysed, yet they ignore 
or even discount out-of-hand much 
relevant information (e.g. immunological 
data) derived from living primates. A 
proper syn:hesis of both palaeontologica! 
and neontological data must be achieved 
before maximal accuracy can be expected. 

The rat:onale underlying the classifi- 
catory scheme used in the book is also 
inadequately explained. In places, new 
taxonomie groupings have been estab- 
lished as direct concomitants of the 
authors’ personal hypotheses regarding 
evolutionary affinities, whereas elsewhere 
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this strict Hennigian approach has not been 


‘followed. Some innovations have much to. 


commend them; others will generate little 
but confusion. It is probably a wise move to 
erect a separate suborder Plesiadapiformes 
to accommodate Plesiadapis and its 
apparent relatives, thus emphasizing the 
enormous morphological guif between 
these early Tertiary forms and the 
‘‘primates of modern aspect’’ (Simons). 
Indeed, it is by no means certain that the 
plesiadapiforms exhibit anything other 
than convergent dental and basicranial 
similarities to the more obvious primates. 
On the other hand, there are several 
taxonomic changes which could well have 
been omitted without in the least detracting 
from the authors’ provisional evolutionary 
hypotheses. Szalay and Delson do not 
combine all of the primates of modern 
aspect (their ‘‘euprimates’’) into a formal 
taxonomic category, despite abundant 
evidence that this is a monophyletic 
grouping, so it is difficult to see why other 
classificatory novelties were required. Two 
examples illustrate the problems. Firstly, in 
line with a few other authors, the lemur 
family Cheirogaleidae has been moved 
from the superfamily Lemuroidea (con- 
taining all the other Malagasy lemurs) to 
join the Lorisidae in the superfamily 
Lorisoidea. Szalay’s interpretation of 
certain morphological evidence, which is 
shared by some but has been disputed by 
others (and which is in direct conflict with 
available biochemical evidence), suggests a 
recent common ancestry for cheirogaleids 
and lorisids. Whether or not this hypo- 


thesis proves to be tenable in the long term, 
the immediate practical outcome of the 
taxonomic upheaval is that the term 
‘Jorisoid’, which has had a distinct and 
useful meaning for decades, has been 
rendered ambiguous. According to which 
classification one now follows, the word 
‘lorisoid’ may or may not subsume the 
mouse lemurs and their relatives. Similarly, 
Szalay and Delson have reduced the 
marmoset and tamarin group from family 
level to the tribe Callitrichini and have 
lumped them together with Callimico and 
the Cebinae (Cebus + Saimiri + 
conjectured fossil relatives) into the family 
Cebidae. This drastic modification is based 
on Rosenberger’s tenuous interpretation 
of minor dental and cranial features as 
‘“‘shared derived characters’’ linking 
marmosets and tamarins to cebines and is 
once again in conflict with immunological 
evidence. Henceforth, to the confusion of 
many involved in research upon marmosets 
and tamarins, the term ‘cebid’ might 
denote either ‘all New World monkeys 
other than marmosets and tamarins’ (this 
being the almost universally accepted 
meaning to date) or ‘marmosets, 
tarmarins, Callimico and cebines’. 

Must we pay the price of such linguistic 
confusion as provisional hypotheses are 
generated in the pursuit of a more scientific 
understanding of primate evolutionary 
history? E 





R. D. Martin is Reader in Physical 
Anthropology at University College, and 
Visiting Professor in Zoology at Birkbeck 
College, University of London, UK. 





Conformation of 
saturated 
heterocycles 


A.R. Katritzky 


The Conformational Analysis of 
Heterocyclic Compounds. By Frank 
Riddell. Pp. 153. (Academic: London and 
New York, 1980.) £17, $39.50. 





THis SMALL book will be of considerable 
help not only to organic and physical 
chemists, but also to workers in 
biochemistry and in other biological areas 
who need to understand something of the 
conformational analysis of saturated 
heterocycles. The first two chapters set the 
scene by summarizing the fundamental 
concepts on which conformational analysis 
is based, and then by picking out and 
emphasizing the differences which 
characterize the treatment of saturated 
heterocycles as compared with their carbo- 
cyclic analogues. œ 

The remaining two-thirds of the book is 
organized into five chapters dealing with 
(1) 4- and 5-membered rings, (2) 


6-membered oxygen-containing rings, (3) 
6-membered nitrogen-containing rings, (4) 
6-membered rings containing sulphur or 
phosphorus, and (5) 7-membered and 
larger rings. To treat this variety of topics 
within 150 pages, the author must of course 
be selective: he has rightly chosen to discuss 
the most important and fundamental ring 
systems, and thus little attention is paid to 
polycyclic derivatives. He has wisely 
decided to describe, clearly and in some 
detail, a smaller number of compounds 
rather than to attempt an encyclopaedic 
treatment which could have degenerated 
into mere lists. 

The work has obviously been a labour of 
love; the proof-reading has been carried 
out excellently, the diagrams are well 
drawn and clear, and the book has an 
authoritative ring about it. Further, the 
subject has not been without its 
controversial features and on the whole the 


r 


author deals fairly with these aspects. C 





A.R. Katritzky is at present Professor of 
Organic Chemistry and Dean of the School of 
Chemical Sciences at the University of East 
Anglia, UK, but will be taking up a new 
appointment as Kenan Professor of Organic 
Chemistry at the University of Florida, 
Gainesville, in September 1980. 


Soviet physics 





A. J. Leggett 


Soviet Scientific Reviews. Section A: 
Physics Reviews Vol.l. Edited by I.M. 
Khalatnikov. Pp.305. (Harwood: Chur, 
Switzerland, 1979.) Df1. 125, $67.75. 





Tuts book is one of a new series which is 
intended to bring to English-speaking 
physicists some of the highlights of current 
research in the Soviet Union. This first 
volume contains six review articles which 
concentrate primarily on advances made 
by Soviet physicists in papers published in 
1977, although reference is made to earlier, 
and contemporary non-Soviet, work as 
appropriate. The reviews fall conveniently 
into three groups of two papers each: 
Belavin (on instantons) and Zakharov and 
Manakov (on solitons) concentrate on 
mathematical developments in field 
theory, particularly the use of algebraic 
geometry, and make little if any reference 
to experiment; the papers by Volovik 
(superfluid `He) and Iviev (nonequilibrium 
phenomena in superconductors) are largely 
theoretical but refer to relevant 
experiments from time to time; while those 
by Pokrovskii and Timofeev (exciton 
condensation in semiconductors) and 
Borovik-Romanov and co-workers (spin 
waves in antiferromagnets) are mainly 
experimental in content. 

These reviews are definitely not of the 
type which could usefully be picked up bya 
non-specialist as an introduction to the 
subject in question. They will probably be 
most useful to those who, while not actively 
enough involved in a particular area of 
research to wish to spend a iot of time 
reading the original Soviet literature, are 
nevertheless close enough to it to want to 
keep up with important developments in 
some detail. For them, this book may play 
the role as regards Soviet physics that 
occasional lectures and the ‘grapevine’ 
play for much of non-Soviet research. 
However, although the editor states that he 
has tried to include ‘‘those fields in which 
Soviet physics is pursuing a direction of its 
own’’ it is not clear in most cases that a 
review covering non-Soviet (or all) work in 
the area would necessarily be very different 
in style or emphasis — which perhaps goes 
to show that the communication gap is not 
all that serious after all! 

The translation is mostly of a high 
standard, but I hope that in future volumes 
the series editors will allow more time for 
proof-reading and also do something 
about the type-face used; in the present 
volume the symbols for italic vee and Greek 
nu are almost indistinguishable, which 
leads on occasion (e.g. p.261) to extreme 
confusion. | CJ 





A, J. Leggett is Professor of Theoretical Physics 
at the University of Sussex, Brighton, U.K. 


sn maarama 





Nature Vol. 286 14August 1980 





nature 


14 August 1980 


Open season for nuclear diplomatists 


The world’s nuclear diplomatists are in for a long hot summer. 
Many of them, still recovering from the meeting of the UN 
Committee on Disarmament which ended only a week ago, will 
have been back in Geneva on Monday for the Second Review 
Conference of the Non-Proliferation Treaty, which is planned to 
last four weeks. Once that is over, many of the same people will be 
off to Vienna for the annual: General Conference of the 
International Atomic Energy Agency (IAEA), which on past 
form is likely to be much occupied with the adequacy (and the 
cost) of the international nuclear safeguards system. This year, 
hewever, two weeks in Vienna will not for many be sufficient — 
they may have to stay on for the first meeting of the new 
Committee on Assurance of Supply, the body whose existence 
was decreed in June by the Board of Governors of the IAEA, 
whose composition and agenda are not yet decided but which could 
„play a crucial part in helping to bolster up the Non-Proliferation 


Treaty. What, it is natural to ask, will this bout of activity 


` accomplish? Will the families of the diplomatists who will thus be 
giving up vacations think their sacrifice has been worthwhile? 
As always, it is too soon to say, but the prospects for the weeks 
ahead should be clarified by what happens in Geneva between 
now and $ September. Inevitably, the NPT conference will be a 
quarrelsome affair. Many harsh things will be said, especially by 
non-nuclear parties to the treaty (see Nature, 12 June). Some will 
complain that the three nuclear powers which have signed the 
NPT (the Soviet Union, the United Kingdom and the United 
States) have done too little to implement their promise to 
negotiate measures of strategic disarmament. If Salt I] were not in 
limbo, the nuclear powers might have been able to reply 
convincingly. The best they have to offer now is the tripartite 
report on the negotiations towards a Comprehensive Test-Ban 
Treaty, submitted to the Committee on Disarmament at the end 
of July. Plainly, there has been some progress, but a cheerful 
interim statement is no substitute for a treaty. That is what the 
non-nuclear parties to the NPT will be saying. The same states will 
complain that too little has been done, both by the nuclear powers 
and those signatories of the NPT in a position technologically to 
do so, to foster the development of civil nuclear power elsewhere. 
The nuclear powers are no doubt hoping to blunt the edge of this 
complaint by referring to the meeting planned for Vienna at the 
end of September. They must expect to have to 
make some promises about the scope and speed of those 
proceedings. But the test by which the success of the Review 
Conference should be judged is that of whether the non-nuclear 
signatories of the NPT leave Geneva having been persuaded that 
non-proliferation has come to stay — or at least that the present 
regime will last for another five years. 
itis therefore important that, in at least two respects this second 
conference will not be much occupied with two of the issues that 
perplexed the first, in 1975. Then, the non-nuclear signatories of 
the treaty were still grumbling about its discriminatory character. 
Is it not an outrage, they were inclined to ask, that safeguards 
should be rigorously applied to non-nuclear states but not to the 
real black sheep, the nuclear powers themselves? The treaty has 
not changed in the past five years, but it does appear that all 
parties to the treaty have come to accept that it must be 
discriminatory in this narrow sense. It cannot be otherwise unless 
and until the nuclear powers have agreed to forsake nuclear 
= weapons altogether. With the fate of Salt H in mind, few at 
.. Geneva will be asking for that moon now. The vigour with which 
-they would have complained at discrimination will no doubt be 
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diverted into the more legitimate complaint that the nuclear 
powers, having dragooned and cajoled non-nuciear powers inio 
signature of the treaty, have then chosen to impose separately 
agreed restrictions on international trade in nuclear equipment 
even when the would-be recipients have stgned the NPT and come 
to safeguards agreements with the IAEA. 

The other bone of contention which aas been resolved in the 
past five years is the issue of peaceful nuclear explosions. Largely 
at the insistence in the 1960s of countries such as Brazil and India 


(which, ironically, is not a signatory of the treaty), the NPT 


requires that the nuclear powers should provide, through the 
IAEA, peaceful nuclear explosions to *hose non-nuclear powers 
able to persuade the IAEA that they have a need of them. 
Mercifully, the suspicion that peaceful nuclear explosions would 
be an economic blessing in disguise is “ast melting away. Only in 
the Soviet Union, where as many as eight of the 28 nuclear 
explosions in 1979 may have been ‘“‘peaceful’’, does enthusiasm 
persist. The government of India, whieh used the PNE argument 
to justify its nuclear explosion in Mey 1974, has not thought it 
worthwhile repeating its indiscretion. The nuclear powers need 
not expect a drubbing at Geneva because they have not been 


‘trudging the world for the past decade, offering to blow out 


harbours and other holes in the ground for all and sundry. 
For small mercies, the nuclear powers will no doubt be grateful, 


‘What can they say on the major issues they will be confronted 


with? By now, fortunately, there is enough experience of the NPT 
for its true nature to be widely understood. The treaty itself is no 
more a guarantee that anxiety abou. nuclear proliferation can be 
banished than was Prohibition a guarantee against alcoholism. 
From the start, the principle underlving the treaty has been that of 
a bargain between the nuclear and non-nuclear powers. The 
nuclear powers would work towards strategic arms control, the 
non-nuclear powers would meanwhile not embark on military 
programmes. The bargain is, of course, not comprehensive. 
China, France and India remain cutside the treaty, as do a great 
many supposedly non-nuclear powers that are presumed to have 
an interest in nuclear weapons — Pakistan, Brazil, Argentina, 
Egypt, Israel and South Africa, for example. Worse still, some of 
the signatories of the NPT are rightly regarded with suspicion. Is 
it possible that countries such as Libya or Iraq, dutiful signatories 
ofthe NPT, have it in mind that trey can use the benefits of access 
to nuclear technology which the treaty offers so as to build up a 
stock of fissile material and them simply give notice, as the NPT 
allows, that they are withdrawing from its provisions and its 
safeguards? In such circumstances, it is wisest that even the 
staunchest supporters of the NPT should recognize its 
weaknesses. The only realistic objective is somehow to contain the 
pace of nuclear proliferation — which, paradoxically, requires 
that the NPT system should se robust enough to survive the 
emergence of the next nuclear power, whichever it may be. At the 
same time, it is essential that states not yet party to the treaty 
should be provided not merely with a sense of pressure from the 
non-proliferators but also tha they should be given incentives in 
due course to sign on the dotted line. 

This is the sense in which the meeting of the Committee on the 
Assurance of Supply at the ənd of September may be crucial. 
Unlike the review conference of the NPT, the committee will in 
principle bring together all members of the IAEA, France and 
China among them — although nobody knows as yet which will 
turn up. This broadening of the scope*of discussions about 
proliferation is greatly to be welcomed. The committee's most 
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urgent task is to restore the confidence of the non-nuclear states in 


the willingness of potential suppliers to sell: nuclear equipment - 


and raw materials. President Carter’s unilateral out-of-the-blue 
non-proliferation policy of 1967, and the tactless US-Nuclear 
Non-Proliferation Act of 1968, has been the chief but not the only 
offender. The US Administration’s difficulty in living with the 
Act it has sponsored in Congress (see Nature, 31 July) should bea 
sign to people elsewhere that there is no future in an agreement 
among suppliers to trade only with states that have accepted full 
IAEA safeguards. The government of France would not even 
consider such a proposal. The best hope for the CAS meeting is to 
devise incentives that will persuade states outside the NPT system 
that it would be in their best interests to join the club. An 
international convention to regulate the nuclear business on a 
multilateral basis, however desirable, is probably for similar 
reasons unattainable. Uranium banks under international 
auspices, Or internationally managed reprocessing plants, offer 
more scope for imaginative negotiation. And is it too much to ask 
that the nuclear powers and the nuclear suppliers can use the two 
months ahead to repeat the message they ‘were trumpeting a 
quarter of a century ago — that nuclear power is indeed a way of 
helping forward economic development in all kinds of states? One 
of the other circumstances that have changed in the past five years 


is that non- nuclear « states are now in a mood again to believe 
the message. 
The question remains of what the nuclear powers will have to 


_Teport at the review conference about progress towards strategic 


disarmament. Last month’s report to the Committee on 
Disarmament shows that the Comprehensive Test-Ban 
negotiations have made substantial headway toward verification. 
If the treaty is signed, there will be arrangements for the exchange 
of seismic data, a committee of ‘‘experts’’ to assess them and 


' procedures for dealing with challenges raised by one party or 


another. So much has been agreed. So why not sign the treaty 
right away? That is what some non-nuclear powers will be asking 
in Geneva in the next few weeks. In doing so, they will enormously 
underestimate the problems with which the three nuclear powers 
are grappling. States such as the Soviet Union and the United 
States afe considering, apparently in good faith, binding 
themselves to forswear the further development of nuclear 
weapons, thus ensuring that, in the course of time, weapons now 
considered central to their security will be built less confidently 
than at present — and are doing this while there remains no 
assurance that China and France would follow-suit. It is a huge 
political enterprise — and one that may not succeed. To have 


travelled so far along such an unpromising road is creditable. 


‘Putting Finniston’s cart before the horse 


The British government’s response to the Finniston- report on 
engineering education is best described as frivolous. That may 
have been inevitable. The report was commissioned by a Labour 
government with an earnest conviction that governments have a 
duty to ensure that social institutions of all kinds are well suited to 
their purpose. Sir Monty Finniston and his colleagues on the 
committee of inquiry, set up in 1978, responded with gusto to the 
implicit invitation to reconstruct the whole pattern of engineering 
education. They were nothing if not radical. They set out to 
diminish the influence of. the engineering institutions by 
proposing that there should be a new body, called the British 
Engineering Authority, to be responsible both for the 
certification of professional engineers and the validation of 
engineering courses, in universities and elsewhere in higher 
education. The committee also asked for changes in the 
educational system itself; engineering students would follow 
courses much like those now available, but with more work 
experience, but a minority would stay on for an extra year and 
come away with a higher qualification. The underlying objective 
of the Finniston Committee was to enhance the reputation of 


engineers in British society as a whole, whence (in part) the ` 


proposals that the state should pay larger stipends to engineering 
students than to others, that public authorities should not let 
contracts without insisting that only registered engineers are 
employed on them, and that properly registered engineers should 
be entitled by statute to regular periods of sabbatical leave 
(admittedly in the good cause of continuing education). Looking 
back over the past two years, and at the host of these fondly 
"conceived but now stillborn proposals, the committee will no 
doubt rue its bad luck. It has fallen to a non-interventionist 
government, and to the most zealously non-interventionist 
minister of that government (Sir Keith Joseph) to respond. 

An engineering authority of some kind will indeed come about, 
but not yet and not in the form the Finniston Committee asked 
for. Certainly it will not be the body ‘‘with teeth’’ that Sir Monty 
Finniston and his colleagues have been asking for since their 
report was published. Instead, the Privy Council (which can grant 
Royal Charters and thus legitimize the activities of non- 
governmental public bodies, universities for- example) will be 
asked to set it up. The government will appoint the first slate of 
members, and help with petty cash for the first year or two. After 
that the authority will be expected to make its own way in the 
world, persuading universities that it is in their interests to have 


their ‘courses validated by the new organization, qualified 
engineers that they had better be registered under the new rules 


: (still to be written) than with the existing engineering institutions 


and ‘employers that the new: certificate of registration is a 
worthwhile professional qualification. ‘The prospect is daunting. 
There is a high chance that the new authority will be no more 
successful than the Council of Engineering Institutions, set up for 
similar purposes by the engineering institutions themselves (and 
which, apparently, will continue to exist, no doubt sniping from 


‘the wings from time to time). Many will say that it would have been 


better not to have had an engineering authority at all than to have 
so willingly courted the chance of failure. And that is the sense in 
which the government’s decision is frivolous. For whatever the 
faults of the Finniston proposals, and there are several, the new 
arrangements are certain to be regarded — as was the Finniston 
Committee itself — as the best hope for the improvement of the 
engineering profession. Once the new authority exists, it will 
for a time at least tend to stifle other instruments of change. 
This is a sad solution to have beén wrought from the widespread 


recognition, in the past few years, that something should be done 


to change the pattern of engineering education and professional 
recognition. The explanation seems to be that first Finniston and 
now the government have put the cart before the horse. The most 
urgent need is for a more imaginative experiment in engineering 
education in the universities, and for level-headed evaluation of 
the consequences. Everybody.accepts that intending engineers, 
like intending doctors, profit from first-hand knowledge of the 
problems with which they will have to deal in later life. There is, 
however, no assurance that the pattern of four-year courses now 
being tried out in English universities (and which Finniston 
endorsed) will be a substantial improvement on the present. To 


_ the extent that these courses will continue to skimp on basic 


science, the result may well be engineers whose education is more 
expensive but who are no better fitted for the needs of modern 
industry. For the truth is that a profession such as engineering 
should be a cadre of people with very different backgrounds and 
skills. The objective would have been better served if the 
government had encouraged the universities, through the existing: 
machinery of the University Grants Committee, to develop 


courses that differ among each other but which collectively 


mightyield the diversity the profession needs. The trouble is, of 
course, that such a development would require extra funds for the 
universities. This is hardly the time to be asking for more. 
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Another vi iolation of NIH guid elir o 


Washington 

Cross-contamination between vials 
containing viruses being transported from 
Britain to California may have caused a 
San Diego scientist inadvertently to carry 
out experiments prohibited under the 
National Institutes of Health’s guidelines 
for recombinant DNA research. This, at 
least, is the ‘‘working hypothesis” which 
Dr Samuel I. Kennedy, of the University of 
California at San Diego, offered last week 
to explain what may prove to be the third 
violation of the guidelines. 

Dr Kennedy, who moved to California 
from the University. of Warwick in 1977, 
has been studying the activity of several 
arboviruses. In particular, he has been 
looking at the ways in which virus 
reproduction is inhibited by naturally 
produced ‘‘defective interfering particles” 
containing only a fragment of the virus 
genetic material. Earlier this year, Dr 

_ Kennedy and his research assistants cloned 
what they thought were subgenomic 
_fragments of the Sindbis virus, a cause of 
fever and skin rash carried by mosquitoes 
in parts of Africa, India and Australia. 

Following ‘‘confusing’’ results of 
attempts to characterize the nucleotide 
sequences in the resultant recombinant 
DNA produced in disabled Escherichia 
coli, the cloned material was sent to the 
Public Health Laboratories in Berkeley for 
analysis. There it was discovered that the 
cloned fragments appeared to have derived 
not from Sindbis virus but from Semliki 
Forest virus, another arbovirus being 
studied in Kennedy’s laboratory. 

This raised difficulties, for although the 
Sindbis virus has been classified by the 
Center for Disease Control (CDC) as a 
Class 2 agent — which under the NIH 
guidelines could be cloned under P2 
physical containment conditions — the 
classification of the Semliki virus was 
7 ‘ambiguous. 

“Until recently, the Semliki virus, known 
primarily as a cause of headaches and 
fever, was considered even safer to work 
with than Sindbis virus. Three years ago, 
-however, a German research worker died 
after being infected by a wild-type strain of 
the virus. As a result of this incident, CDC 
is considering classifying the Semliki Forest 
virus as C3, although subject to certain 
qualifications. 

At the end of last again’ NIH 
announced changes in their guidelines to 
allow viruses in this class to be cloned under 
P3 containment conditions. However, at 
the time when Dr Kennedy’s experiments 
were carried out, the cloning of C3 agents 
was prohibited. 

As soon as the university suspected that 
the NIH guidelines might have been 
violated, both the Institutional Biosafety 
Committee and the NIH’s Office of 
Recombinant DNA Activities (ORDA) 
were informed. ORDA is now carrying out 
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an investigation, and will eventually make 
recommendations to NIH Director Dr 
Donald Fredrickson on what-action should 
be taken. 

The ORDA investigation seems likely to 
concentrate on three aspects. First, how 
could the confusion between the two types 


of virus have occurred and was this the 
result of cross-contamination sae | 


transit from research abotatoties:! 
Britain? , 

Second, ORDA must aseuuiie what 
classification it would have given to the 


Semliki Forest virus ifa cloning application _ 


had been made at the beginning of the year. 
Approval as a Class 2 agent would’ have 
permitted the experiment; approval. as 
Class 3 would have disallowed it. This 
problem is complicated by the fact that 
CDC classification of arboviruses is under 
revision. A European scientist was told by 
NIH earlier this year that although the 
Semliki virus would probably be 


considered to fall within Class 3, incertain | 


geographic locations and conditions of use 


it might be considered C2, permitting 


cloning under P2 containment. 

Finally, ORDA will be idoking closely at 
the procedures followed by Dr Kennedy 
and the university once a. violation of the 
guidelines was: suspected. Dr „Kennedy 





stopped work on the cloned fragmen l 
informed the Institutional Biobazard 
Committee of the apparent mix-up, as 
soon as the results of the laboratory tests. ` 
were received at the end of last month, 
Some of his graduates students, however, 
had previously appreached the head of the 
biology department, Dr Donald Helinski, 
expressing concern about preliminary 


results and taking e different view of the 


actions that ought to be taken. 
Both university and NIH officials stress 
that there was no public hazard involved. 


“We were not even cloning the entire 


genetic information in the virus’’ says 
Kennedy, pointing out that even if it was 


Semliki virus, the guidelines alow this to be 


safely cloned: under the P3 containment 


conditions that were in fact used. 


_ The biggest impact of the incident is 
likely to be on public perception of how the 
guidelines are working. Since the NIH 
guidelines were introduced in 1976, there 
have been two reported violations. Inonea 
scientist from the Harvard Medical School 
carried out experiments without the 
necessary prior clearance from NIH. In the 
other, San Francisco scientists conducted 
experiments with a plasmid vector before it 
had been officially approved. 
David Dickson 


Small beer for scientists 


Scientists working for the British Civil 
Service are unlikely to be satisfied by the 
outcome of the arbitration on salary scales 
for 1980, which was completed last week. 
After the arbitration award was made 
known, Mr William McCall, General 
Secretary of the Institution of Professional 
Civil Servants (IPCS), said that the 
outcome was disgraceful and that ‘‘if this is 
what the system now in force for settling 
the pay of scientists in the Civil Service 
produces, then the system will have to be 
changed’’. 

There have been several bones of 
contention between the IPCS:and the Civil 
Service Department since the first offer of 
salaries for 1980. The department’s 
proposals (see Nature, 24 July) were 


especially mean to the higher grades of the 
scientific Civil Service — those in the grade 


of Senior Principal Scientific Officer were, 
for example, offered no increase except the 
annual increments to- which they \ were 
contractually entitled. 

The IPCS has complained consistently 
that the device of pay research for relating 
the salaries of higher civil servants to those 
of comparable groups of workers in the 
private sector undermines the principle 
that scientists within the Civil Service 
should be paid the same as other civil 
servants of comparable rank and that, in 
any case, the data on salaries earned by 
scientists in the private sector are 
insufficient as an accurate foundation for 














“pay research. 

The Civil Service Arbitration Tribunal 
appears to have gone only a little way to 
meet these pretests. The salaries of Senior 
Principal Scientific Officers will after all be 
increased by 3.2 per cent in 1980 compared 
with 1979, taking the maximum salary in 
this grade to £16,250 a year, compared with 
the claim by the union for £18,248. 

The salaries of Principal Scientific 
Officers, which ranged from £8,613 to 
£11,343 at the beginning of the year, are to 
be increased to between £9,690 and 
£12,540, figures which are increased by 
between 1.5 per cent and 4.1 per cent as a 
result of the tribunal’s intervention, 

Scientific Officers, earlier in the -year 
earning between £6,332 and £8,705, are 
now to receive salaries increased by 
between 20 per cent (at the bottom of the 


-seale) and 10 per cent (at the top). The 


salaries of lower grades will be increased by 
proportions not very different:from the 
rate of inflation. | 

. Even so, this will not go far to meet the 
complaint that the salaries of scientists in 
the Civil Service are less than those of 
people cf similar rank — Principal 
Scientific Officers will, for example, be 
paid £1,260 a year less than Administrative 
Officers. 
_ The reason why the arbitration tribunal 
made this new.award are not known, and 
may never be, althOugh a report on the 
issue wil? be published next month. 
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Nuclear Iraq 


Perrin protests 


Anxieties about French nuclear 
collaboration with Iraq have now burst 
into the open. Last week, the grand old 
man of nuclear power in France, Francis 
Perrin, contradicted his government’s 
statements about the supply of a research 
reactor and highly enriched uranium to 
Iraq, in a deal to exchange oil for tech- 
nology. *‘It cannot be said”, Perrin argued 
in an interview with France-Soir, ‘“‘that the 
provision of this reactor will not enable a 
country like Iraq to produce an atomic 
weapon in a few years’ time”. 

Without addressing the question 
directly, however, the French government 
had earlier insisted that its cooperation 
with Iraq is directed to ‘‘perfectly 
legitimate ends”, and that the agreement is 
also covered by guarantees. The 
government said it was ‘‘astonished” at the 
accusations that had been made against it, 
and asked by what principle Iraq’s right to 
nuclear power could be refused. 

Perrin, who was president of the 
Commissariat a l’Energie Atomique from 
1951, and who was confirmed in that post 
by President de Gaulle in 1960, does not 
believe that nuclear peace and war can be 
Separated so neatly. He believes it unlikely 
that Iraq would directly divert any part of 
the ll-kg charge of 93 per cent 
uranium-235 to be supplied by France, for 
this would fly directly in the face of too 
many international agreements. ‘But 
evidently, if Iraq trains personnel with this 
reactor, they could prepare plutonium by 
irradiating [unenriched] uranium.” This 
plutonium might be prepared initially for 
research; then, when they had enough 
plutonium and technicians, they could 
break their agreement (under the Non- 
Proliferation Treaty, which Iraq signed in 
1969) not to build weapons. 

The controls of the International Atomic 
Energy Agency — which requires monthly 
flow-sheets of fissile materials belonging to 
NPT signatories, and whose inspectors 
make regular visits to their nuclear estab- 
lishments — are effective, says Perrin, but 
a country can always decide to reject them. 

Iraq already has a small Soviet reactor, 
using 80 per cent enriched fuel, under 
IAEA safeguards. The details of the new 
French reactor have not yet been received 
at the IAEA, but the safeguards provisions 
require that they should arrive more than 
six months before the reactor is charged 
with fuel. Charging is, however, unlikely 
before the end of 1981, the date set before 
Iraq’s chief nuclear expert, Yihya al 
Meshad, was murdered in Paris on 13 June. 
It is, however, known that the reactor will 
be based on the French 50-MW thermal 
reactor Osiris at Orsay, which takes a 
charge of 9% kg of 93 per cent 
uranium-235. Osirak, the Iraqi version, is 
planned to be slighfly bigger — 70 MW 
with an 11-kg charge. 
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Italy is also supplying nuclear facilities to 
Iraq in exchange for oil, including an 
isotope laboratory with a hot cell which in 
principle could be used for reprocessing 
and plutonium separation but, says the 
Italian government, it is much too small to 
have a bearing on weapons production, 
President Saddam Hussein of Iraq has 
rejected all speculation that Iraq may be 
building a weapon, and has pointed out 
that Israel is generally regarded as already 
having the bomb, and has never signed the 
NPT. “Other countries” said an IAEA 
spokesman ‘‘have been less cooperative 
than Iraq’’. 
President 





Hussein, with a $75,000 





Troubled seer 


million five-year plan, also dreams of a 
technological transformation of his 
country, and recognizes that Iraq’s 
principal need is technically trained 
manpower. He believes that Osirak will 
contribute to such a pool. Now that Iraq is 
increasingly turning from its East 
European and Soviet partners towards 
OECD countries for technology, it may be 
wise to take Hussein seriously. 

Robert Walgate 


Remote sensing 


EJ Q 
Going private? 
Washington 

Fierce arguments have been generated in 
Washington by plans under discussion in 
the Carter Administration to create a fully 
operational system from the remote- 
sensing satellites developed by the National 
Aeronautics and Space Administration. 

Few challenge the idea that respon- 
sibility for remote sensing should even- 
tually pass to the private sector, but there is 
disagreement about the pace at which the 
transfer should occur and the degree of 
control which the federal government 
should retain, 

Responsibility for coordinating the 
transfer from NASA to the private sector 
has been given to the National Oceanic and 
Atmospheric Administration (NAOO). 
The NAOO proposes a two-stage 
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process, involving an initial stage for 
developing the sensor technology, that 
would extend to the end of the decade, 
before a fully operational system would be 
available for private use. 

Several companies, keen to establish 
themselves in a potentially lucrative 
market, argue that this time scale is 
unnecessarily slow. In particular, exe- 
cutives from the Comsat Corporation, 
which has already successfully taken over 
responsibility for telecommunications 
satellites, are arguing that it could start 
doing the same for remote sensing by 1983. 

The temptation to use telecommuni- 
cations as a model for successful 
commercial exploitation is strong, but 
remote sensing is likely to have a rougher 
ride. The market is undeveloped and 
heterogeneous. 

Thus at a Senate hearing two weeks ago, 
a spokesman for the National Governors 
Association said that the remote-sensing 
system ‘‘should be considered in the same 
context as census, cartographic, geological 
and meteorological data which are pro- 
vided as a public service of the federal 
government’’. 

Aware of this public responsibility, 
NOAA is considering two ways of allowing 
federal agencies to buy data under 
guaranteed purchase contracts. One would 
transfer responsibility for this entirely to a 
private corporation, the other would set up 
a new “‘for-profit’’ corporation with both 
privately and publicly appointed members. 

The cost of remote sensing is another 
problem. According to NOAA admini- 
strator Dr Richard Rank, the remote 
sensing system will probably not be self- 


~ financing until the end of the century, and 


thus will rely on subsidy for the foreseeable 
future. 

But there will still be a temptation to 
maximize returns, even in the early stages, 
and state governments are worried that 
high prices could discourage potential state 
and local government users from even 
exploring the potential usefulness of 
Landsat data, particularly if — as NOAA 
has suggested — experimental data during 
the interim period are priced the same as 
operational data. 

Excessive pricing could also have 
important international implications. 
Some countries could complain that they 
are unable to afford information about 
their own natural resources which can be 
bought on the open market by multina- 
tional mining corporations. The State 
Department accepts the principle that 
prices should be consistent for both 
domestic and foreign users, but warns that 
price increases should be gradual so that 
foreign users can adjust to them. 

Present users are, however, more con- 
cerned at the quality of the service. NASA 
now has two Landsat satellites in orbit, but 
both are having problems which have 
restricted the amount of data being 
received. Unexpected difficulties have also 
arisen in the next satellite, Landsat D, 
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scheduled to be launched in 1982. Develop- 
ment of the instrument called a ‘‘thematic 
mapper’’, and intended to provide direct 
information on crop differentiation, is so 
much delayed that Landsat D may have to 
be launched without it. 

The delays in both technical plans and 
administrative arrangements have created 
inevitable frustrations. Those who have 
already experienced the benefits of remote 
sensing technology are keen to exploit it as 
rapidly as possible, and are already hinting 
that they may look to other countries — 
such as France and Japan — as an 
alternative source of remote sensing ser- 
vices. Moreover, some members of 
Congress claim that the delays reflect a 
general lack of imagination in the White 
House about the US space effort. 

NOAA is at present working out the 
details of the transition plan in preparation 
for its submission as part of the 1982 
budget request early next year. It seems 
more likely to include only limited private 
involvement — perhaps restricted to pro- 
cessing and marketing the data produced 
by federally operated satellites. 

David Dickson 


Lords committee 


Dumping ahead 

The House of Lords Select Committee 
on Science and Technology embarked on 
its summer break last week with the 
promise of a new inquiry in October into 
the disposal of hazardous waste. The 
inquiry will be the committee’s second 
quick investigation — the report of the 
first, on electric vehicles, is due to be 
published at the beginning of September. A 
longer investigation of forestry in the 
United Kingdom will continue until the end 
of the year. 

The suggestion of an inquiry into 
hazardous waste disposal came from 
Basildon District Council in Essex, where a 
large proportion of Britain’s toxic 
industrial waste is dumped. When the 
House of Commons Select Committee on 
the Environment declined to take the 
matter up because of other commitments, 
the Lords committee stepped in, believing 
the topic to fit well into its remit of 
investigating areas of science and 
technology of public concern. 

The worry of Basildon District and Essex 
County Councils is that there is no 
coherent national policy for hazardous 
waste disposal, largely because the relevant 
section of Part II of the 1974 Control of 
Pollution Act has never been implemented. 
The councils also believe that Essex has 
become a main centre for hazardous waste 
disposal by historical accident rather than 
for good practical reasons. 

The government has laid down guidelines 
for dealing with the disposal of hazardous 
waste but no regulations as to who should 
be responsible for arranging disposal. The 
1974 Act says that local authorities should 
take that responsibility and should inform 
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Dumping at Pitsea 


the Secretary of State for the Environment 
of the arrangements they have made. The 
Act empowers the Department of the 
Environment to bring these and other pro- 
visions (affecting water quality, for 
example) into force when it chooses. So far 
it has chosen not to do so, allegedly on the 
grounds of cost. Redland Purle, Britain’s 
largest waste disposal company, owns the 
country’s largest dump at Pitsea in Essex. 
The council has power to monitor the sites 
and has taken measures to restrict the 
quantities dumped, but it would take other 
local authorities to take some of the load. 
The Lords committee will no doubt be 
looking at the institutional arrangements 
for coping with hazardous waste. It also 
intends to investigate the basis for some of 
the technical arrangements, for example 
the criteria used for choosing suitable sites 
and deciding what can be dumped where. 
The Select Committee hopes the inquiry 
can come to grips with new methods of 
disposal and suggest how more usecould be 

quickly made of them. 
Judy Redfearn 
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Energy alternatives 


German plans 


A West German commission on ‘‘future 
nuclear energy politics’’, set up two years 
ago by the Bundestag to resolve the nuclear 
question, has reached its eagerly awaited 
conclusions. They are equivocal, 

West Germany should shelve a final 
“decision” on nuclear power until 1990, 
says the commission. But in the meantime 
the country should build as many reactors 
as it needs, provided it makes due effort on 
the development of coal, conservation and 
renewable sources. 

The all-party parliamentary 
commission, consisting of seven members 
of the Bundestag and eight technical 
experts from mdustry, environmental 
groups and the trades unions, considers 
that it will be impossible to judge — for ten 
years — whether nuclear energy should be 
expanded in Germany. The growth rate of 
electricity consumption, the effectiveness 
of conservation measures and the impact 
of renewable energy are too uncertain to 
make commitments to any particular 
source. 

The commussion does however spell out 
its demands for immediate and increased 
government powers to enforce energy con- 
servation — the abolition of mileage rates 
for business cars, an energy tax, more 
bicycle paths and tighter controls on 
insulation standards in new homes and 
factories. The commission also asks for an 
“energy service’’ to provide, free of 
charge, ar infrared survey of buildings to 
show where the heat leaks out. These and 
other measures have been described by the 
Christiar Democratic Union, the main 
opposition party, as introducing “ʻa 
totalitar.an energy conservation state’. 

Elsewhere, the recommendations have 
been seen as vague and offering all things to 
all men — especially with the 
recommendation that reactors should be 
built if energy demand requires them. The 
major nuclear construction company in 
Germany, Kraftwerk-Union, has argued 
that it will be running out of work in 1983 
— it Fas lost its contract for four reactors in 
Iran, and there is doubt as to whether 
Braz.l will take up its full option for eight. 
Thus some suggest that a construction pro- 
gramme of one or two reactors a year Over 
the rext decade, a programme similar in its 
scale to the British, is quite consistent with 
the commission’s view. 

At the same time, the report has bee 
interpreted by environmentalists as reco 
mz2nding a further delay in the country 
nuclear development. (Germany now h 
five power reactors above 500 MW electr 
in total 15 reactors produce about 9 G 
Rt is not surprising that the commission 
been represented in the German press 
man wearing two badges, one sa) 
‘nuclear no thanks” and (he of 

*“nuclear power — yés please’’. 
The forthcoming October gen 
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election may have played some part in the 
commission’s equivocation: there has been 
an understanding among the parties that 
nuclear power should not be an election 
issue. The debate on the report was eclipsed 
the same day by another on Chancellor 
Schmidt's visit to Moscow. 

The commission also recommended that 
it should reconstitute itself after the 
election, to complete its task. It was set up 
in December 1978 after a lengthy debate on 
the future of the Kalkar 300 MW prototype 
fast breeder, now under construction. It 
was decided then to construct Kalkar, but 
not to charge it with plutonium until expert 
advice had been received on Germany’s 
need for a “plutonium economy’’. The 
nuclear energy futures commission was set 
up to provide that advice, but (beginning 
work in 1979) it decided that there was not 
time before the election for such a broad 
investigation. Hence the fast breeder is not 
mentioned in the commission’s 
recommendations. 

The result is that Germany remains 
without a strong federal lead on nuclear 
power. It will remain so until the majority 
of the ruling coalition — only ten in the 
present Bundestag — cannot be threatened 
by the strong minority in the coalition 
which will always vote against nuclear 
development. 

The election is thus critical for nuclear 
energy, despite the parties’ intention to 
keep it out of the limelight. A number of 
decisions await a nuclear majority, not the 
least of them the location of intermediate 
storage facilities for spent fuel. The CDU 
Prime Minister of West Saxony, Herr 
Albrecht, where the Gorleben salt-dome 
offers a potential long-term geological 
store, is hoping to give hospitality to the 
waste after the election. Other current 
battles (against environmentalist 
opposition) such as that to increase the 
density of spent fuel storage, by a factor of 
four, on reactor sites, by inserting 
cadmium sheets between the rods to absorb 
neutrons, may be more easily won if a 
federal government is returned which can 
give a more definite ‘‘yes’’ to nuclear 
power. 





Robert Walgate 


No numbers 


Washington 

Stepping out of line with the fashionable 
isdom — at least among congressional 
gislators — a little-noticed report from 
he National Academy of Sciences has 
ome out with some harsh words about the 
angers of squeezing data on the health 
‘fects of agricultural pesticides into a neat 
ost-benefit mould, | 
The report was prépared by a committee 
| the 
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academy's Environmental Studies 


sr santa trent 


Board as a follow-up to earlier studies by 
the Environmental Protection Agency 
(EPA). In general it supports the agency’s 
concern that environmental regulations 
should be as explicit, and as well 
quantified, possible. 

It also points out, however, that in 
attempting to produce legally defensible 
decisions, agency administrators often 
underplay the uncertainties and 
qualifications that surround scientific 
assessments of risks and benefits, 
particularly of human morbidity and 
mortality data. Here, the report says, 
quantification is carried to ‘‘unwarranted 
extremes’’, 

According to the committee, present 
understanding of cancer development 
“does not permit us to draw reliable 
numerical inferences from the kind of 
laboratory data normally available about 
the effects of pesticides and other 
compounds on the development of cancers 
in humans’’. 

There is therefore a danger, it says, not 
Only of overestimating risk by the use of 
too conservative assumptions, but also of 
underestimating it by neglecting 
potentially important factors. ‘‘We say the 
error can go either way” said committee 
chairman Professor Robert Dorfmann of 
Harvard University’s department of 
economics. 

The committee therefore recommends 
that the EPA abandons its attempts to 
produce numerical estimates of the impact 
of pesticide use on human health except 
where reliable epidemiological data are 
available. Instead, it proposes the use of ‘‘a 
carcinogenic activity indicator” as a 
measure of relative carcinogenicity of 
chemical compounds. This would be based 
on the results of laboratory bioassays. 

In addition, to underscore the 
uncertainties in risk evaluation, two figures 
are proposed for every risk estimate. One 
would be a measure of ‘most probable” 
risk, conveying the analyst’s best 
judgement of the level that would be 
realized in assumed conditions. The other 
would be a “‘maximum plausible’’ estimate 
taken as the upper limit of a 90 per cent 
confidence interval. 

The EPA has made no official comment 
on the report. The agency is involved in 
reviewing its procedures for weighing the 
risks and benefits of pesticides in the light 
of recent administrative changes. 

Its review could be influenced by an 
unintended consequence of the new report. 
As part of its analysis, the committee 
carried out a detailed review of 
chlorobenzilate, using its recommended 
procedures to produce its own assessment 
of the risks and benefits. Comparing its 
evaluation with that obtained by the EPA 
in 1976, it concluded that not only had 
worst-case estimates of exposures used to 
assess health risks been highly improbable, 
but also that the economic benefits of using 

the pesticide — particularly the costs of not 
ysing it — had been wildly overestimated. 
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When a draft version of the rep 
circulated last year, these discre 
were seized on by the Environ 
Defense Fund (EDF) to challen 
EPA's decision to allow limited use 
pesticide. However, an admini 
court in Washington has since rul 
the EDF had no legal standing to ta 
in EPA’s rule-making proc 
Nevertheless, this could have sigi 
impact on rule-making in the agenc 
in the past many of the restricti 
pesticide use have followed che 
from the EDF and other s 
environmentalist groups. 

David D 


Russian plate tectonics 
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Drift of 
change 


“Plate tectonics’? and ‘‘cont 
drift” have been dirty words to or 
Soviet geophysics for many ye 
orthodoxy being, in this case, laic 
not by Party doctrine but by the p 
views of Academician Belouso 
acknowledged head of the 
geophysical establishment. Rather t 
themselves be shut off fro 
international scientific community, 
the Soviet biologists in Lysenko 
Soviet geophysicists have become a 
inventing semantic variants sv 
“‘ocean-floor movement’ under 
they can discuss the proscribed idez 

These strategies have been used, 
most part, strictly within the ac 
community, and it was only on ext 
rare Occasions that any mention wa 
of such concepts in the general pres 
such was the announcement that ow 
crustal movements the BAM Baikal 


Mainline railway, would be 
completed, 50 cm longer than ori 
planned.) 


Now, however, an official of the 
Academy of Science’s Institt 
Archaelogy has given what amoun 
press conference on continental d 
though without mentioning any 
troversial terms. Describing a new 1 
the lithosphere under thw world € 
prepared by the Institute, the « 
explained to a TASS corresponde: 
“the lithosphere is thinnest in the ce 
the oceans where median oceanic 
pass” and that ‘‘it is precisely in thos 
that the lithosphere is formed.”’ 

Information on the thicknes 
structure of the lithosphere und 
oceans is therefore ‘‘important for: 
many theoretical problems’’, in part 
for understanding the process of for 
of our planet’’. 
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Vietnam in space 


Queue-jumping 


The recent 8-day sojourn of Vietnamese 
cosmonaut Pham ‘Tuam aboard the 
Salyut-6 space station marked a significant 
change in the Comecon Interkosmos joint 
space programme. For the first time the 
non-Soviet participant came from.a 
developing and non-aligned country — a 
point which both the Soviet and 
Vietnamese press agencies stressed at the 
expense of comment on the scientific 
content. 

Phan Tuam’s flight, moreover, meant a 
change in the projected running order of 
participation, which, most Baikonur 
watchers had accepted, was related to the 
size of the contribution the various 
countries had made to the earlier 
unmanned stage of the Interkosmos 
programme (the Interkosmos satellites and 
Vertikal high-altitude probes). In effect, 
this meant that the European nations of the 
bloc would go first, with Cuba and 
Mongolia bringing up the rear. Vietnam, 
which joined Comecon in summer 1978, 
long after all the other members had their 
cosmonaut candidates installed at the 
Gagarin space centre, seemed destined for 
the final place in the programme. 

However, with four countries still to go 
(Romania, and the three non-European 
members), Vietnam was unexpectedly 
advanced three places. Both TASS and 
VNA stressed unequivocally that that there 
were political implications in this move. 
Whatever the reason for the changed 
schedule, however, the interesting question 
remains: what, precisely could Vietnam 
contribute to the space programme? 

It would be incorrect to suggest that the 
developing members of Comecon — Cuba, 
Mongolia and Vietnam —— have nothing to 
offer the Interkosmos programme, or at 
the most can offer only sites for tracking 
stations. As early as 1978, the Polish 
cosmonaut Miroslaw Hermaszewski said 
that Cuba and Mongolia were working on 
their experimental programmes for when 
their turns came. (At that time, Vietnam 
had still not joined the Interkosmos 
programme.) Pham Tuam’s programme, 
as reported to date, corresponds 
remarkably well with those of the other 
non-Soviet cosmonauts. 

First, and inevitably, came the medical 
programme, the testing of cardiovascular 
and lung functions under zero gravity. 
Then, equally routine, experiments on 
semiconductor crystal growth — in this 
case, gallium phosphide and a triple 
bismuth-antimony-tellurium compound. 
These experiments use a Soviet furnace 


aboard Salyut-6, but the test capsules come 


from the non-Soviet participant, which 
also provides a suitable symbolic name for 
the project — Morava for Czechoslovakia, 
Berolina for East Germany and so on. This 
time, it was Halong, after a gulf in Vietnam. 


l 


,Not surprisingly, the regular photo- 
graphic and visual observations carried out 
from Salyut were given a Vietnamese slant. 
Silting up of the river mouths, and the 
effect this has on fish feeding habits, 
observations of tidal flooding and erosion, 


‘and hydrological surveys of the Mekong 


and: Red River Basins were especially 
stressed. And, most Vietnamese of all, 


Pham Tuam had taken along samples of - 


azola water ferns, fast-growing, nitrogen- 
rich plants which are traditionally used as 
fertilizers for the growing rice crop, and 
which could prove .useful aboard future 
permanent space stations. 

Comecon doctrine concerning its third 
world projects (including its own three 
‘“‘developing’’ members) firmly eschew the 
concept of ‘‘aid’’. All such undertakings 
are termed ‘‘cooperation’’ projects, 
although recent bilateral scientific- 
technological cooperation deals signed 
between Vietnam and, for example, 
Czechoslovakia and East Germany consist 
largely of the European partner.providing 
experts and know-how, and Vietnam 
reciprocating with raw materials. Never- 
theless, no attempt has been made, as far as 
Interkosmos is concerned, to present the 
joint Soviet-Vietnamese flight as a partner- 
ship. of technological equals. While by no 
means a passenger, Pham Tuam 
characterized his role rather as a harbinger 
of things to come. “‘It is a new demon- 


Shuttle for orbit 


' The US National Aeronautics and 
Space Administration has screwed up its 
courage and settled on a launching date 
for the first orbiting version of the space 
shuttle — March 1981. The decision was 
taken at the end of last month and in the 
face of the setback a few days earlier 
when a fire damaged a shuttle engine 
during a test firing in Mississippi. 

The decision follows a week-long 
review of the recent ups and downs of the 
development of the shuttle, and has 
apparently been taken in the belief that 
only a tight schedule will sufficiently 
concentrate the minds of those involved 
in putting the first shuttle (called 
Columbia) into an Earth orbit. 

The timetable now agreed would move 
Columbia from the building it now 
occupies at Cape Canaveral to the shed in 
which it will be mated with the solid fuel 
boosters on 23 November. Thereafter it 
will be mounted on its launch pad and the 
main engines of the shuttle will be fired 
for a period of 20 seconds some time in 


February. Thereafter, there will be five 


weeks to the final launch date. - 
Although anxiety persists about the 


tiles intended to provide thermal 


shielding for the shuttle, it has apparently 
been decided not to encumber the first 
flight with the ‘‘tile repair kit’’ intended 
to enable the crew of the shuttle craft to 
replace damaged tiles in flight. 
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stration of the effective cooperation within 
the socialist community”, he said before 
embarking, which ‘‘will also demonstrate 
the abilities of the Victnamese people’’. 
Vera Rich 


Airport noise 
London’s out 


. The Noise Advisory Council (NAC) has 
provided some timzly ammunition for the 
opponents of the plan to build the third 
London Airport at Stansted in Essex. Last 
week, hard on the heels of the formal appli- 
cation for permssion to develop the 
airport by the British Airport Authority, 
the council announced that the Stansted 
site will be marginally more of a noise 
nuisance than the other five sites on the 
airport authority's short-list. 

The applicatian for development per- 
mission has gore to the Essex County 
Council. There vill be a public inquiry on 
the proposals, probably early next year. 
That will be the second occasion on which 
the people of Stansted have been divided 
into hawks and doves. 

Choosing a site for London’s third 
airport has already taken 27 years. The 
chief problem has been that cost-benefit 
analyses yield equivocal results even when 
they themselves, like the Roskill 
Commission of 1968-70, cost more than £2 
million. Uncer-ainty about the growth of 
demand for air travel has also taken the 
steam out of what seemed to be an urgent 
problem ten years ago. 

According to NAC, Maplin, situated on 
the north of zhe Thames estuary, would 
disturb nearby residents least but would 
require the removal of a Ministry of 
Defence estavlishment — which might 
create environmental problems of its own 
— and the building of new road and rail 
links into London. It would also disrupt 
local bird lite. Stansted, an inland site 
north of London, would be the cheapest 
site to develop — it already has a small 
airport, which could be extended, and 
good links vith London, but it is situated 
near several small towns. The NAC report 
estimates trat 17,000 people would find 
aircraft noise a nuisance if a two-runway 
airport were built. 

Estimate: of annoyance caused by air- 
craft noise are themselves equivocal. The 
Noise Adv-sory Council quotes values of 
the Noise-Number Index, calculated in 
such a way as to correlate with surveys of 
the extent zo which people are annoyed by 
aircraft movements. One difficulty in using 
this index as a basis for assessing the impact 
of new airports is that the calibration has 
been based on surveys at established air- 
ports, such as Heathrow, where residents 
have to some degree become accustomed to 
aircraft noise after long exposure. Further 
difficulties stem from uncertainty about 
flight paths, the noisiness of future aircraft 
and the future volumt of air traffic. 

, The NAC report says that the noise dis- 
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advantage of Stansted over the other sites, 
excluding Maplin, is only marginal. But it 
recommends that if Stansted is chosen, 
local residents should be compensated 
either in the form of noise insulation or by 
grants to enable them to move house. It 
further adds that Stansted could be 
justified on environmental grounds only if 
it reduced the total environmental impact 
of London’s airports, especially 
Heathrow, where about one and a half 
million people live within the contour of 
noise annoyance. Hitherto, the case for a 
third airport has been to absorb increases in 
demand for air travel rather than to take 
pressure off existing airports. 

The airports authority’s proposal for 
Stansted is for a one-runway airport 
capable of handling 15 million passengers a 
year — considerably smaller than a 
previous proposal thrown out in 1965-66 
to build an airport for 100 million 
passengers a year. One of the additional 
attractions of the Stansted site is that the 
existing airport could be enlarged gradually 
to meet changes in demand. 

Judy Redfearn 


Polish water 


Much and little 


Last month’s floods, which produced 
emergency conditions in 22 out of the 49 
provinces of Poland and caused a massive 
loss of crops, especially hay, potatoes and 
sugar beet, have focused attention once 
again on the paradox of Poland’s water 
supply. Ranking only twenty-second in 
Europe in per capita water index (1,700 m? 
a year compared with the European 
average of 4,800 m? a year), Poland is 
nevertheless subject to periodic 
inundations after which the water runs off 
uselessly into the Baltic. At best, Poland 
can store only 5 per cent of the water it 
receives from natural precipitation and 
incoming rivers. (Bulgaria, Czecho- 
slovakia and the Soviet Union, by 
contrast, store 12-15 per cent.) Along 
Poland’s largest river, the Vistula, there is 
no storage capacity whatsoever. 

To remedy this, the Central Committee 
of the Polish United Workers’ Party 
adopted on 16 June 1978 a resolution 
calling for a multi-disciplinary develop- 
ment and management programme for the 
Vistula. ‘‘Program-Wisla’’, as it is called, 
got off the ground very rapidly, at least on 
the theoretical and planning side. Polish 
geographers, hydrographers, economists, 
agriculturalists and ecologists produced 
imaginative plans which include 
hydroelectric stations, irrigation works, 
the improvement of navigation channels, 
the construction of retaining walls and 
some 34 or 35 dams along the navigable 
course of the river between Oswiecim 
(Auschwitz) and Gdansk. The whole 
scheme, which is intended to raise Poland’s 
water storage capatity to 20 per cent, as 
well as benefiting agriculture, industry and 
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the human environment, is scheduled for 
completion by the end of the century. 

So vast an enterprise, say the planners, is 
nevertheless beyond the capacity of Poland 
alone, and there will be major scope for 
international cooperation. But before the 
Vistula is confined by the engineers into 
what will be, in effect, a series of basins, the 
water must be of acceptable purity, since 
once the natural scour is eliminated, the 
ecologists agree that the river would not 
regenerate itself. The Vistula (like Poland’s 
other major river, the Odra) has no water 
of class I or H purity anywhere in its course, 
while one-third of its total length is 
polluted beyond the limit of toleration. 
Purification and regeneration of the river is 
the first priority of Program-Wisla. 

The problem, however, is far from 
simple. The headwaters of the Vistula are 
subject to natural ‘‘pollution’’ by mineral 


salts leached out of the soil of Silesia. The 


river flows through the Silesian industrial 
belt and the Cracow-Nowa Huta con- 
urbation, with its vast steel mills, and past 
the open-cast sulphur mines at 
Tarnobrzeg. It picks up its largest 
tributary, the Bug, already heavily polluted 
by the Soviet pulp and paper industry, 
passes through Warsaw, whose sewerage 
arrangements are, to say the least, 
antiquated, through Plock with its 
mushrooming petrochemical plant and 
finally arrives in the Bay of Gdansk where 
pollution is so heavy that water-sports are 
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particular, are managed on strict ecological 
principles, with recultivation of the land 
section by section as soon as the sulphur is 
stripped. Water control there, say the mine 
engineers, has to prevent seepage from the 
river to the mine rather than the reverse. 
The Bug, the one part of the Vistula basin 
not entirely under Polish control, has just 
been made the subject of a special Polish- 
Soviet cooperation agreement, And week 
after week, the Polish media stress the 
emphasis being given to anti-pollution 
measures, effluent treatment and the intro- 
duction of closed cycle technology under 
the aegis of Program-Wisla. 

Such technology or the exchange of 
know-how could well be a fruitful field for 
international cooperation, both within and 
outside the Comecon bloc. But Polish 
experts have hitherto been cool at the 
prospect of Western cooperation, feeling 
that their prospective partners have been 
more interested in selling existing standard 
equipment than providing know-how 
specifically tailored to Polish circum- 
stances. Since the Polish economy suffers 
froma chronic lack of hard currency, this is 
a major problem. The latest negotiations, 
between Poland and the United Kingdom, 
seem to be taking a different and — from 
the Polish point of view — a more 
promising course. It is understood that 
before any concrete proposals are put 
forward from the British side, a small 
investigative team will visit Poland in the 


prohibited. autumn to make an on-the-spot 
There are nevertheless some bright spots assessment. 
in this picture. The Tarnobrzeg mines, in Vera Rich 
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f wi HAT can the exhaust of the Earth’s heat 
“engine tell about its internal workings and 
fuel? The exhaust is the heat lost from the 
Earth’s interior, and the internal workings 
are the manner by which heat is transported 
upward from the deep interior. The fuel is 
thought to be principally nuclear, com- 
prising the radioactive isotopes present in 
varying trace concentrations throughout 
the Earth. 

Let us look first at the exhaust. The 
measurement of the heat flux over the 
Earth’s surface is an endeavour of the last 
two decades, and the global survey is still 
only half complete. However, an important 
empirical rule, that heat flow varies 
inversely with crustal age, has enabled 
estimates of the heat flow to be made for 
the unsurveyed areas of the globe. At the 
present time the Earth seems to be 
discharging about 40 x 10'*W (ref. 1-3). 

Does the engine run smoothly, or does it 
“race or idle on occasion? How charac- 

teristic of recent Earth history is the 
present-day heat loss? Because the heat loss 
is strongly correlated with the age of the 
ocean floor, which in turn is related to 

-oceanie crustal accretion rates that are 
known to be variable, it is likely that the 

heat. flow has fluctuated in the past. 

Sprague and Pollack? have reconstructed 

“the age distribution of oceanic and 
ogentinental crust over the past 180 Myr and 

“ve@nchide that the heat loss has ranged 
between 39 and 52 x 100W, with an 

average of 43 x LOW, slightly higher 
than the present-day value. 

The internal workings of the Earth 
“engine are only weakly constrained by 
= Knowledge of the heat loss alone. The 
~ooplanetary thermal history models of 20 
years ago were principally conductive 
models, in accord with the then prevailing 
VIEW of an Earth without globai scale 
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NEWS AND VIEW. 


from Henry N. Pollack 


horizontal movements. However, even 
before mobility became accepted in 
the 1970s, Tozer’ argued that thermally- 
activated solid-state creep would, in 
response to thermally induced buoyancy, 
lead to large scale mobility within the 
Earth. The temperature dependent creep 
serves as a thermostat, with convection 
relieving the Earth of excessive heat by 
transporting it to the uppermost mantle 
where it makes the final journey to the 
surface by conduction through the upper 
horizontal boundary layer of as 
convection. This upper boundary lay 
comprises the plates of the lithosr ae re. 
While the concept of solid-state thermal 
convection in planetary interiors is clear 
enough, a complete mathematical deserip- 
tion of the process is difficult. 
of the Earth’s topography, heat flow, 
gravity, and plate velocites provide surface 


constraints, but even so the broad features 
elusive. < 
However, simpler quantitative treatments, — 
which yield certain general characteristics 


of the convection remain 


of the convection system have. recently 
been exploited®?: collectively they are 
referred to as ‘parameterized’ thermal 
history models. At the heart of i 
analyses is the assumption; suggestie 
both theory and experiments, that th 
loss from a convecting system depen 
the temperature di fferene iy] 
convection {the so-called N 
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The cooling Earth 
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loss attributable to the initia 


al.’ estimate that at least 15-35% of the 
heat flow is non-radiogenic, while Sharpe 
and Peltier* contend that it is not essential 
fo invoke any radiogenic heat to 
understand the main thermal features of 
the Earth, Initial heat alone’ may. be 
adequate to drive the Earth engine, 
Schubert ef al. emphasize that while the 
amount of the non-radiogenic heat loss 
may be reasonably debated, a significant 
contribution to the total heat flow is 
unavoidable. 

some generalities do emerge from all the 
new thermal histories: 1) the Earth is and 
has been cooling, albeit very slowly, at a 
rate probably no greater then 100° C per 
billion years (the quintessential energy 
storage device!), 2) the cooling has been 
accompanied by a stiffening of the mantle 


calculated fraction of: the pre ent- -day heat 7 


ieat appears i 
to be highly model dependent: Schubert er 
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convection, that part of the circulation 
moving horizontally at the Farth’s surface 
and comprising the lithospheric plates, has 
thickened over the Earth’s history. But if 
through these models we have learned a 
little of the functioning of the Earth’s 
engine, it seems we know less than we 
thought about the Earth’s primitive 
chemistry. The engine apparently will run 
on nearly any blend of fuel, and the 
thermal energy exhausted reveals little of 
the internal chemistry. The principal 
sources of geochemical insight, alas, must 
continue to be the S N and oceanic 
crustal rocks, salted with occasional bits of 
the mantle, and the much smaller 
collection of extraterrestrial samples: less 
help appears to be forthcoming from the 
Earth’s heat than a generation of carth 

scientists had Topsa for, Tr 


The collagen gene family 


from Ellen Salomon 
COLLAGEN proteins occur as a family of 
molecules with closely related structures 
but varying tissue distributions. At least 
nine different genes code for protein with 
collagens unique features of a repeating 
pattern (every third amino acid is glycine) 
and large amounts of the unusual amino 
acids hydroxyproline and hydroxylysine. 
The total number of genes in the family 
may be as high as fifteen or sixteen if some 
of the less well characterized chains are 
included, as well as the A,B,C, chains of 
Clq, and if some of the observed oe 
geneity in sequence is due todifferent gen 





loci. These genes have almost certainly 


a 
evolved by duplication and div Suan : 
common ancestral sequence, but not 


yet known of their linkage. A e 
genomic clones have been isolated f ee 
chick proe, (P) chain (Lehrach ses ie 
\ natn, Acad. Sei. US A. 75, 5 ee 
Sobel ef al. Proc. natn. Acad. Sei. Q 
\75, 3846; 1978; Vogeli et al. Nucleic Acid 
es, 8, 1823; 1980). Based on clones 
sanning 55 Kb of the chick genome, de 
rombrugghe (National Institutes of 
lealth) estimates that the proa,(l) gene 
wers 40 Kb and that there are morethan 


) intervening non-coding sequences! 
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University) have analysed the codon usage 
for the amino acids in the a (I) and a,{1) 
chains of Type I collagen and find that the 
usage differs significantly between the 
chains. Genomic clones of the sheep 
proa,{]) have also been isolated (Schafer ef 
al. Nucleic Acids Res 8, 2241: 1980, and 
show at least 17 intervening sequences in 
60% of the 3’ portion of the gene. Non- 
coding sequences are 300 to 1,600 bp, while 
the coding fegions are 250 bp or less, 





Somatic cell genetic studies using species- 
“specific DNA probes should soon clarify 


the location of some of the collagen genes 
and their possible synteney, if not linkage. 
Haemoglobins (Weissman, Yale 
University), histones (Zweidler, Institute 
for Cancer Research, Philadelphia) and 
heat shock proteins (McCarthy, University 
of California, San Francisco) were 
discussed as representatives of rather 
different types of gene families, in regard 
to linkage and co-ordinate expression. 
Until the genetic map of the collagen genes 
is known it is obviously not possible to 
know if, as a family, it resembles any of 
these others. By analogy with the non- 
linked ¢ and § genes, and the linked B ò Ye 
genes of haemoglobin, will the proe (I) and 
proa,(f} genes of collagen be unlinked oe 
the prooktH, RIIN, J Jinked? 
alt natively, will all the “‘collagenes”’ 
‘inked cluster as with the histones, 
fo xma ghout the genome as 
catet gd: tb oOugnou e 
"or DER jet, ubulin, and heat shock 
cva obila? As yet there is no 
pe 0 to whether any of the 
forme a fist. in multiple copies. 
: oe, ~aherited connective: tissue 
Ue fag likely to involve defects 
eh ees, such as Marfan’s 
i okey » geogenesis imperfectaand 
“o Snards their understanding 
A oo diseases have eluded 
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sequences, hydroxylation, glycosylation, 
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largely 


protein chemistry. Tt was agreed that 
current DNA technology should be applied 
to defining these diseases, bearing in mind 
that in most cases there is no direct evidence 
for collagen gene involvement. It is not 


~feasonable to clone collagen genes from 


individuals with connective tissue disorders 
without direct evidence that these genes are 
actually involved as the primary defect. A 
more general approach is needed whereby 
collagen gene mutations can be detected, 
One suggestion was to screen as many 
different patients as possible, with 
different diseases, by restriction mapping 
and Southern blots using collagen probes, 
and where appropriate tissue biopsies are 
available, by S1 mapping. Using these two 
techniques some types of mutations in the 
collagen genes could be detected. For 
results from either of these techniques to be 
meaningful, however, a great deal of data 
is needed regarding the degree of variation 
in these genes in the normal population. A 
second approach discussed at length was 
that of linkage analysis within families 
using the collagen gene probes and 
restriction site polymorphisms, as done by 
Kan and Dozy, for sickle cell anaemia 
(Lancet ii 910; 1978). The collagen diseases 
are rare, extremely heterogeneous, both 
clinically and genetically, and probably 
often represent new mutations. They are 
unlikely to have evolved by selection, as 
have some of the haemoglobinopathies, 
and it was therefore emphasised that each 
family would have to be screened with a set 
of restriction enzymes to find an appro- 
priate polymorphism. The purpose of this 
type of analysis would be both to identify 
affected fetuses by prenatal diagnosis, 
and also to indicate the involvement of a 
collagen gene defect in those diseases. 
_ Also discussed was the complexity of the 


genetics of a protein with as many 


enzymatic post-translational modifica- 


tions as collagen. For example, mutations 


in different modification enzymes could 
lead to the same disease phenotype, and 
different mutations in the same enzyme 
could give dominant or recessive modes of 
inheritance. | 


“. The extensive post-transtlational 


modifications of collagen and proteo- 
including removal of signal 


disulfide bond formation, triple helix 
formation, and procollagen to collagen 
conversion was an important topie. 
Different types of collagen are modified to 
different extents and individual types of 


collagen show a degree of heterogeneity in 


their particular modification. “Among the 
questions regarding modification, there- 

fore, is to what degree individual primary 
amino acid sequences — ‘determine the 
position and extent of, say hydroxylation 
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and glycosylation, and whether there are 
tissue-specific enzymes for each of the 
different types of collagen. As yet there is 
no direct evidence for such enzymes 
(Kivirikko, University of Oulu, Finland). 
This may well be due to the difficulty in 
assaying many of these enzymes. The need 
exists for more rapid and specific assays for 
each enzyme including electrophoretic 
separation techniques, and immunological 
or colourometric detection. The questions 
of tissue-specific forms of the enzymes, 
genetic map location, possible linkage of 
groups of these enzymes, linkage to the 
collagen genes, and control of expression 
could be approached if less cumbersome 
assays could be developed. 

A final major topic was the extracellular 


matrix (collagen, ” fibronectin, proteo- 
glycans, fibrin) and the-cytoskeleton 
(actin, microtubules, intermediate 


filaments). Through much information 


exists on structural differences between 
individual members of the gene families 
(collagen, actin, tubulin, keratin). the 
funtional significance of these differences 


“s not at all clear. Certain common 


functional domains can, however, be 
identified. For example, the collagen cross- 
linking regions and collagenase cleavage 
site are strongly conserved in collagen 
Types I. II and IH. Other macromolecules 
are associated with collagen fibres, and 


- may have specific interactions with the 


collagen and each other. The most clearly 
defined system is that of cartelage proteo- 


a r 





giycan, where the proteoglycan combines 
with hyaluronic acid and link protein to 
form large aggregate structures (Muir, 
Kennedy Institute of Rheumatology, 
London). It is anticipated that collagen will 
also be incorporated into such multimeric 
structures. Fibronectin has a number of 
separate functional domains that allow it to 
bind to collagen proteoglycan and the cell 
(Vaheri, Helsinki University), Martin 
(National Institutes of Health) reported that 
proteins analagous to fibronectin but 
specific for chondrocytes (chondronectin) 
and epithelial cell (laminin) have been 
discovered. These bind specifically to these 
cells and their collagens. Such interactions 
may explain the role of the tissue specific 
collagens. O 


Assembly of immunoglobulin heavy chain genes 


from H.V. Molgaard 


Ir has been clear ever since it became 
possible to compare the amino acid 
sequences of immunoglobulin molecules 
that they pose two formidable problems 
for genetics. The first is the extreme 
variability of the N terminal portions (V 
regions) of the chains, which make up the 
antigen-recognition site. The second is how 
one of a very large number of V regions can 
come to be associated with one of a very 
small number of the canstant regions (C 
regions) which mediate the effector 
functions of the molecule in the 
elimination of antigen. 

It was the occurrence of a very variable 
sequence joined to a relatively constant 
sequence that led Dreyer-and Bennet to 
propose that. the V and C genes are 
separately encoded in the genome! — a 
proposal which was.confirmed by the first 
DNA sequence studies.on mouse light 
chains. Those studies showed that a large 
but limited set of V genes exists at some 
distance from the C gene in the germline 
DNA. During the maturation of an anti- 
body-producing B cell, one of the V genes is 
brought into the proximity of the C gene. 
As it has turned out, this translocation also 
provides at least a partial explanation for 
antibody diversity, since it has proved that 
the V region is itself constructed from two 
genes: the V gene and one of four J 

genes adjacent to the C gene on the 
germline, DNA. V genes seem able to 
combine at random with one of the J genes, 
the exact site of-the junction varying 
slightly and coinciding with hypervariable 
region 3 on the light chain?. 

DNA sequence analysis has now been 
extended to the mouse heavy chain genes, 
which are of particular interest because of 
the evidence that each V gene may be 
translocated more than once in the course 
of. ontogeny. Unlike the light chains, for 
which there is only one C region gene for 
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each set of V regions, each heavy chaln V 
gene (V,, gene) may be expressed with any 
of eight different heavy chain constant 
genes (Cy genes), Cy Cp Cia Garr Ga Ca 


Co C, ahleh define the heavy chains ask, 
y, a etc and the different classes of antibody 


molecule, IgM, IgG, and so on. All Vy 
regions are expressed first in u chains, but 
the same V,, sequence may later be 
expressed as part of a y chain or an a Or an £ 
chain. The mechanism of this pheno- 
menon, the heavy chain switch is therefore 
a mystery peculiar to the heavy chain genes. 
DNA sequencing has shed some important 
light on this mystery; but it has also shown 
that the V regions of the heavy chain genes 
have a more complex structure than their 
light-chain partners. 
The V,, region ls encoded by three genes. 
Hybridisation of germ line DNA with Vy 
probes has shown that there are at least, 50 
and probably many more V,, genes, 
arranged in tandem arrays?~* and separated 


_ by an unknown length of DNA from a 


cluster of C genes‘. 
Comparison between the DNA sequence 


Of a germ line V,, gene and the 


corresponding rearranged sequence ex- 
pressed in a myeloma have in two different 
cases — a V sequence expressed in an a 
chain’ and another expressed in a yp 
chain? — shown that the germ line Vy 
segment ends at the sequence coding for the 
third hypervariable region before the end 
of the expressed V,, sequence. This 
suggested, by analogy with the light chain 
genes, that the missing sequences should be 
found in J segments near.a C gene. Since 
Cy is the first C gene to be expressed in 
B-cell ontogeny, the J segments were 
sought and found near the Cu gene in a 
cluster of four, 8kb upstream from Cy. 
However, the J segments still do not 


account for all of the third hypervanable 
region. This has lend to the suggestion that 
the missing residues are separately encoded 
in yet another set of gene segments, the ‘D’ 
or ‘diversity’ segments, the existence of 
which had already been predicted on the 
basis of the amino acid sequence data®!®. 

It remains controversial whether heavy 
chain diversity is fully accounted for by 
random combination of V,D and J seg- 
ments and codon variation at the joins of 
these segments or whether further diversity 
arises out of point mutations at the other 
two hypervariable regions during the 
differentiation of the B lymphocyte. 
Mechanism of V gene rearrangement 

With the availability of data from both 
light and heavy chain germ line gene 
segments it is possible to generalise about 
the mechanism of V-J segment transloca- 
tion. In both cases it involves deletion of 
the intervening DNA*!! and in both cases 
two short conserved sequences occur in the 
sequences 3’ to the V segment and 5’ to the 
J segment close to the point of recom- 
bination. 

At the germ line Vy and Jy segments 
which are rearranged and expressed in the 
S107 myeloma the two conserved 
sequences are arranged’ as shown below. 


‘One strand is shown folded back on itself to 


illustrate that the Jų segment conserved 
sequences are almost inverse complements 
of the V,, segment sequences. Comparison 
of these sequences at all the known light 
and heavy chain V segments shows that 
they can all be derived from the heptamer 
CACAGTG and the  nonamer 
ACAAAAACC with usually only one or two 


‘base changes. Similarly the conserved 


sequences at all the J segments derive from 
CACTGTG and GGTTTTTGT. 
Another striking feature of these 





residye 101 Asp/ non coding sequences 
5’ Vy segment...GAT] GCACACAGTG — 23 nucleotides — ACACAAACC3. 
3° Jy segment ... CAT] C GTGTCAG — 22 nucleotides +- TGATTTTOA T 
residue 107 Tyr| ` non coding sequences 
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conserved sequences is that the length of 
the random sequence separating the 
heptamer and nonamer is highly 
conserved. At the heavy chain V and J 
segments the separating sequences vary 
from 21 to 24 base pairs (bp) in length. In 
contrast, in the two light chain families, the 
x and A chains, the spacers at the V 
segments differ from those at the J 


segments. The spacers at the V, segments. 


are 1] or 12 bp long while the spacers at the 
J, segments are 21-24 bp long. Conversely 
at the V, segments the spacer is 22 or 23 bp 
while at the J, segments a 12 bp spacer 
occurs. 

Spacer lengths of [1-12 and 21-24 bp 
correspond closely to one and two turns of 
the double helix, and mean that the 
heptamer and nonamer form a nearly 
continuous sequence around the double 
helix interrupted by one or two complete 
turns. Since in light chain V-J 
recombination, a one turn spaced 
heptamer and nonamer and a conserved 
sequence interupted by two turns occur at 
the two recombining segments Early et al.’ 
and Sakano ef alë propose that two 
different but closely related joining 
proteins recognise the one and two turn 
spaced sequences and that these proteins 
form a complex within which the cutting 
and joining of the DNA takes place. As it is 
likely that the heavy chain V and J 
segments recombine first with a D segment 
this model predicts that the D segments 
should be flanked by these conserved 
sequences Interrupted by one turn. It 
would also rule out recombination within 
the V and J segments. Early et al.’ argue 
against a mechanism involving the 
previously proposed stem structures!!! 
which can be forméd between these inverse 
complementary sequences flanking the V 
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HEAVY CHAINS 


Fig. I Schematic diagram of an IgG antibody molecule. Cui, Cuz, Cy, and C, are the the heavy 
(H) and light (L) chain constant region domains — these are regions 100-125 amino acids long 
within the chains which show some homology with each other in amino acid sequence and 
secondary structure. The parts of the light chain V region coded by the V, and te segments 


are shown as are the sections of the heavy chain V region coded by the Vj, 


J and Jy gene- 


segments. The hypervariable regions 1,2,3 determine the antigen recognition and binding site. 
The C regions mediate the effector functions involved in the elimination of antigen. 


and J segments on the grounds that such 
Structures are unlikely to form 
spontaneously between such widely 
separated segments of DNA and that they 
do not account for the conservation of the 
spacer sequences. 

These sequence homologies between the 
light and heavy chains suggest tuat, 
whatever the recombination mechanism, it 
is the same for both light and heavy chain 
genes. As the two light chain families and 
the heavy chain family are each on 
different chromosomes recombination 
between families is prevented. 


The mechanism of the heavy chain class 
switch 


A further important implication of the 
germ line organisation of the heavy chain 
genes can be drawn from the discovery that 
the J segments which are expressed in a and 
Yæ heavy chains of myeloma proteins are 
next to the Cu gene in the germ line: this 
establishes that the translocation of Vyand 
C,, gene segments to give complete a and 
Yæ Chain genes must have been preceded 
by the recombination of a V,, segment with 
a Ją segment at the C, gene. The second 
recombination event, the heavy chain 
switch, occurs between a complete V,,J,,-- 
C, gene and, for example, either a C, or a 
C,, gene which is still in a germ line context. 
In addition to the recombined V,,DJ,, 
segments, a considerable portion of the J,,- 
C, intron is translocated, giving a new 
intron in the expressed o or y gene whose 
sequences originate partly from the J,,-C, 
intron !3:!4.6&8 

In the hope of identifying specific signals 


in the DNA sequence which could mediate 
the heavy chain switch, Sakano et al. ë have 
identified the sites in the J,,-C, intron and 
in the sequences 5° to the germ line Cy, 
gene where the recombination event which 
gave a complete expressed y2b gene had 
occurred, and have sequenced the DNA 
around these sites. Two short sequences, 
TCCTGG and AGA, occur at equivalent 
positions 5 to the two sites and could be the 
signals for the u to y2b switch. However, 
these sequences do not occur at the u to a? 
and u to y,'* switch sites, both of which lie 
in a region of tandemly repeated sequences 
in the J,,-C, intron. It seems that the switch 
sites are different for the different class 
switches and may even vary within one type 
of class switch'*. The recombination sites 
involved in the class switch need not be 
unique as long as they do not create signals 
which terminate transcription or destroy 
the signals required for the splicing event 
which removes the intron containing these 
sites. | 

it is possible that the homologies in the 
flanking sequences of the different C,, 
genes are a consequence of their 
evolutionary history. Each C region 
consists of three or four (depending on the 
heavy chain class) partly homologous 
domains thought to have evolved by 
tandem duplication from a common 
sequence coding for a single domain. 
Homologies in the flanking sequences 
might then have been conserved if they had 
come to acquire a role in the recombination 
events leading to class switches. If indeed 
the three domains of each C region derive 
from the same gene, then weaker sequence 
homologies might be expected in the 
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Fig. 2 Recombination events leading toa complete Y 2g gene. (1) The germ line DNA before rearrangement. These is a cluster of at least 30 genes 
(each with a short leader sequence L) coding for part.of the variable (V) region, a cluster of D gene segments coding for most of the third 
hypervariable region and some distance away there are 4 J segments which complete the. Vregion coding sequence. The J segments le about Skb 
from the C, gene which lies at the start of a cluster containing all the C region genes. The Ci region gene sequences are interrupted by non-coding 
sequences to give a series of exons which coincide with the domains and the hinge region in the C region amino acid sequence (2) In the first 
translocation event one of each of the V; D and J’ segments are recombined to givea complete p chain transcription unit. The transeriptis acopy of 
the gene as shown but the non-coding sequences (introns) are removed by splicing events which lead to a continuous coding sequence in the p 
m-RNA. (3) A second translocation event, the heavy chain switch, deletes the C, ue »Cy3 and Č r} gene segments and places the VDJ segme niand part. 


of the J-C, intron near the Cay gene. Following transcription the introns are removed by $ spi 


y2b mRN 


intervening sequences that have been 
found between constant region domains. 
Such homologies have in fact been foundin 
an investigation of a deletion mutant in a 
myeloma cell line. An illegitimate 
recombination event or class switch has led 
in this case to the deletion of an exon 
coding for the first domain in C,, (ref. 16). 
_ That the region of tandemly: repeated 
sequences in and near the switch region isa 
particularly good site for recombination is 
illustrated by the spontaneous deletions 
which occur in this region, on cloning or 
propogation in E. Coli and which have 
prevented several groups from isolating 
complete DNA fragments containing these 
C, flanking sequences®.'*, 
The heavy chain switch involves deletion of 
Cy, gene segments. 
The overwhelming evidence of a number of 
experiments by different groups in which 
cloned constant region probes have been 
used to probe the DNA of many different 
plasmacytomas is that the expression of a 
constant region class other than u involves 
deletion of other constant region genes 
including C, in a way which is consistent 
with a C,, gene order u—-y3-y);—¥2,-V247 
(6 and € have not yet been studied) and a 
model in which the genes preceding the 
expressed gene are deleted*!*'8, Some 
controversy remains however as to whether 
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“the deletions occur only on one 


chromosome or on both. Honjo and 
Kataoka!®, who were the first to find 
evidence for the deletion model, concluded 
on the basis of DNA hybridization kinetics 


that deletion was confined to one allele. 


Yaoita and Honjo have now produced 
stronger evidence for deletion on only one 
allele by analysing a IgG,, secreting 
myeloma induced in an F, hybrid of CS7BL 


and BALB/c mice. A judicious choice of 


restriction enzymes enabled them to 
distinguish the two alleles and to show that 
the C, and C,, genes of the expressed allele 
are deleted and the expressed C,,, gene is 
rearranged, while the unexpressed alleles 
C,, C, and C, are unchanged. They did 
find two unexpected rearrangements in the 
5 flanking sequences of the unexpressed 
C,,allele and in the 3’ flanking sequences of 
the unexpressed C_, gene. 

However, in the numerous myelomas 
analysed by the other groups deletions and 
rearrangements often occur on both 
alleles. Unexpected rearrangements such as 


the rearrangement of both C, alleles in 


some IgG,, expressing tumours has led 
Coleclough ef al. to propose a stochastic 
modelin which, after the first translocation 
which creatés the complete u gene, deletion 
events may Occur within the C,, cluster on 
both alleles, only some of which expose a 


icing leading to a continucus coding sequence in ihe ` 


V., gene to a second C,, gene leading toa 
heavy chain switch. Other deletions may 
have no effect on expression or may limit 
the options for further switching. 

It should be borne in mind that all these 
studies have been carried out with mouse 
plasmacytomas which are known to show 
chromosomal abnormalities, are of 
unknown ploidy, being perhaps mostly 
hypo tetraploid’! and have been 
maintained in culture much longer than the 
life time of a normal diploid B-cell. Some 
of the events observed in the myeclomas 
may not occur or may be infrequent in 
normal cells. In an isolated study of a 
mixed population of normal B cells Joho 
and Weissman** produced evidence con- 
sistent with rearrangement occurring on 
only one C, allele. The question has been 
raised, however, of whether the technique 
they used has sufficient resolution to detect 
cells with both chromosomes rearranged if 
those cells are in a minority. The events on 
the second allele are important as only one 
allele is expressed (allelic exclusion}. 

With the question of allelic exclusion, 
molecular immunologists are drawn inio 
the issue of how events occurring on one 
chromosome might affect those occurring 
on another; and thus into fields of enquiry 
even thornier than” those they have $0 
successfully tackled in the last five years.: 
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The origins of marine biol 


from Frank McCapra and Russell Hart 


THE astonishment of seeing bright light 
issuing from living Organisms is sometimes 
reflected in the view that the light must 
have a unique biochemical origin. Yet a 
timely reminder of the wide variety of the 
chemical systems involved has been 
provided by the recent observations of 
Dunlap, Hastings and Shimomura (Proc. 
natn. Acad. Sci. U.S.A. 77, 1394; 1980). 
They have demonstrated that although two 
distantly related organisms, the 
dinoflagellate Pyrocystis lunula and the 
euphausiid shrimp Meganyctiphanes 
norvegica have the same novel luminescent 
reactant or luciferin this molecule has no 
structural similarity to the luciferins 
identified in more than 20 other organisms. 

The luminescent reaction in most 
Organisms occurs by the action of a 
luciferase upon a luciferin. The similarities 
in the luciferins and luciferases in different 
organisms can be traced both by seeing if a 
‘ight emitting cross-reaction is possible 
between the chemicals extracted from each 
of them and by elucidating the chemical 
structure of the luciferins themselves. 

Experiments of this type have shown 
that although there is no simple pattern of 
distribution of particular luciferins and 
luciferases among the light emitting 
organisms one molecule does appear again 
and again. This ‘coelenterate-type’ 
luciferin (luciferin 1, see Fig. 1) either inthe 
free state, protein-bound or as a simple 
derivative, has been found in a variety of 
coelenterates and in such unrelated animals 
as shrimp, squid and fish (see Table 1). This 
widespread distribution may best be 
explained if the luciferin derives from a 
common origin in the food chain. 

A second luciferin (luciferin 2, see Fig. 
1), ‘Cypridina luciferin’ has a similar 
structure to coelenterate luciferin sharing 
the same imidazopyrazine nucleus and 
producing light by an identical chemical 
mechanism (McCapra Accounts Chem. 
Res. 9, 206; 1976) but it has no amino acids 
in common with luciferin 1 and must havea 
separate origin. No single food source 
could be responsible for the appearance of 
both luciferins in higher organisms. 
Luciferin 2 is also widely distributed tn a 
variety of organisms (see Table 2), again 


Fig. 1 (1) Coelenterate-type luciferin, (2) Cypridina luciferin, (3) amino pyrazine which can condense with (4) p-hydroxy phenylpyruvic acid to produce (1) 
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Fig. 2 Mnemiopsis; A widely distributed 
luminescent Ctenophore emitting bright flashes 
on stimulation; 

Histioteuthis; A deep-sea squid with many 
complex photophores on the ventral surface and 
tips of the tentacles; 

Porichthys; A benthic fish found off the cost of 
North and South America. The many ventral 
photophores are used in courtship. 


suggesting a food chain origin. This is 
supported by the finding that several 
luminescent fish, Apogon and 
Parapriacanthus (Johnson et.al. Proc. 
natn. Acad. Sci. U.S.A. 47, 486; 1961) 


e.g. 


have been caught with large numbers of 


Cypridina in the gut and the luciferin of 
these predators is identical to that of the 
food organism. 


Á 


uminescence 
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More direct evidence that the Cypridina 
luciferin is derived from Cypridina comes 
from the work done by Tsuji and his 
collaborators (Mol. Cell. Biochem., 9, 3; 
1975) with the midshipman fish Poricthys 
notatus collected in two separate locations 
off the western coast of the US. The fish 
collected in Puget Sound are ‘dark’ 
although possessing the large number of 
highly developed photophores of the 
southern (Californian) luminescent fish. 
The only way in which luminescence could 
be induced in the ‘dark’ fish was either by 
injection or ingestion of Cypridina 
luciferin, demonstrating a direct link 
between food source and light emission. 

It may be that the Puget Sound area 
merely lacks the required, as yet 
unidentified, food organism containing the 
luciferin or a precursor. The complexity of 
the photophores, the nature of the 
transport involved and the response to 
administered luciferin nevertheless suggest 
caution in accepting this simple view. For 
example it is extremely unlikely that the 
ingested enzyme (luciferase) could survive 
proteolysis in the gut. In addition the 
endogenous luciferase in either the dark or 
luminous fish differs in several significant 
aspects from Cypridina luciferase. 

Doubts about a food source as the sole 
origin of luciferin do indeed arise. For 
example luciferin is notoriously unstable 
with a lifetime in solution of a few days al 
most. Yet Poricthys luminescence, once 
developed by administration of small 
amounts of luciferin persists for up to 
seven months. It should be noted however 
that coelenterate-type luciferin is often 
found as a sulphate derivative, which ts 
considerably more stable (Hori, Nakano & 
Cormier Biochim. Biophys. Acta 256, 638; 
1972). If a similar derivative exists for 
Cypridina luciferin then this would reduce 
the force of this objection. 

Other luminous organisms (Table 3) 
have luciferins and bioluminescent systems 
with nothing in common with each other or 
the coelenterates. 


Frank McCapra and Russell Hart are in the 
School of Molecular Sciences, University of 
Sussex, 
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Some problems are already raised by the 


There is no doubt that bioluminescence 
arose anew many times in evolutionary 
‘history. This is shown by the markedly 
different structures found for the 
_.luciferins. The ubiquity of coelenterate- 
type luciferin does suggest a single source in 
< this case, but may obscure several instances 
~-of de novo synthesis. No direct 
experiments have been done to settle the 
matter, nor do we know very much about 
the genetic mechanisms controlling the 
generation of luciferin and luciferase. 


Table 1: Organisms with Coelenterate-type 
luciferin 1 


Anthozoa 
Sea pansy. Renilla spp.” 
Sea pen | Prilosarcus guerneyi4 
a Stylatula elongata 
_ Seacactus. Cavernularia obesa? 
E Acanthoptilum gracile? 
Hydrozoa 
Jellyfish Aequorea forskalea? 
Hydroid Obelia geniculata" 
Ctenophore 
Mnemiopsis leidyi? 
Beroe sp.4 
Mollusca 
Teuthoidean squid Watasenia scintillans? 
Eucleoteuthis luminosa? 
Chiroteuthis imperator? 
Onychoteuthis banksi 
borealijaponica? 
Sepioideansquid — Sepiolina nipponensis? 
Pisces n g 
Myctophid fish Diaphus spp.? 


Neoscopelus microchir? 


Stomiatoidean fish Argyropelecus 
hemigymnus® 
Yarella illustris? 

Crustacea aes l l 
Decapod shrimp Acanthephyra spp. 


- Oplophorusspinosus? 

.. Heterocarpus spp. £ 

Systellaspis spp. ® 

Sergestes spp. ? 

Mysidacean deao Gnathophausia spp. b 
Copepod Pleuromamma pisecki¢ 


fa). After Cormier in Bioluminescence in Action p. 75 
fed. Herring (Academic Press, London, 1978) 

{b} After Shimomura, Inoue, Johnson & Haneda 
(Comp. Biochem. Physiol, 65B, AIS; 1980). 

ic) Hart, Herring & ; MeCapra. . 





Table 2: Organisms with Cypridina luciferin 2 


Sitracod crustacean 


Cypridina spp. 
Teleost fish Poricthys notatus 
Cardinal fish Apogoneilioti 
Sweeper fish Parapriacanthus ransonneti 





Table 3: = Eanes with other luciferins 


Bacteria 


-Photobac terium phosph oreum 
Dinoflagellate 


| Pyrocystis lunula 
10 Euphausiid shrim p Meganictyphanes norvegica 
re zon il Clam © : Ph olas dact hes 
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need to explain (in genetic terms) the 
simultaneous appearance of luciferin and 
luciferase in the same organism. These wil! 
be compounded if it is necessary to account 
for their separate appearance in unrelated 
organisms. 

A possibility is that food sources contain 
peptide material capable of elaboration by 
the luminescent organisms. Such sources 
may or may not be luminescent. By analogy 
with the firefly, it may be that degradation 





of the product of the reaction or of ay 


stable luciferin. gives rise to the ar 


pyrazine which may then condense with 
p-hydroxyphenylpyruvic acid (see Fig. 1) 
following a known syr thesis, H is clear that 
no single origin can be demonstrated, and 
establishing the actual blend of 
mechanisms will require both direct 
feeding experimen’s using labelled 
precursors, and some insight into the 
genetic mechanisms centrolling the mk 
phenomenon. 5 


A new dimension for particle 


detectors 


from David J. Miller 


THE trouble with modern particle physics 
experiments is that you need to detect all 
kinds of particles at the same time. Not so 
long ago there were groups of ten or so 


physicists who did important programmes 


of research with nothing much more than a 
dozen neutron counters, or five spark 
chambers and a magnet. But storage-ring 
physics is different. As Cashmore (Oxford) 
told us on the first day of the Uppsala 
meeting*, the PETRA e*e collider at 
Hamburg only produces 20 collisions per 
intersection region per day with strongly 
interacting particles (hadrons) in the final 
state. At. such rates each event must be 
made to give up every scrap of information 
that can be measured. We don’t want to see 
just the charged tracks. We want to see 
which of them are pions, kaons, protons, 
muons or electrons. All of the y-rays must 
be converted. Neutrons and long lived KO 
must be made to interact. Neutrinos will 
escape, of course, but it is very important 
that they should be the only particles to 
escape so that their missing energy and 
momentum can be inferred from the 
measured particles. 

The new director designate of CERN, 
Schopper (Hamburg), told us about the 
plans to build a first stage ‘stripped down’ 
LEP (large electron-positron) machine.in 
Geneva by 1986. If this goes ahead, the first 
proposals for detectors will be asked for i in 
198 l. 

The detectors now working at siheri 
storage-ring machines provide prototypes 
for many of the ideas presented at the 
meeting. They are constructed like Russian 
babuschka dolls. Around the beam-pipe is 


- nésted a sequence of different devices, each 


fitted tightly over the next with the 
minimum of lost volume and without any 


chinks for particles to escape. Closest to the 


pipe there is often a multiwire proportional 
chamber and usually a cylinder of 
scintillation-counters. These establish the 
position of charged tracks coming out into 


the detector and, even more important, 
iS aS EIR AL RR APSA AAS SIN 


*An international meeting an experimentation at LEP was heid 
in Uppsala, Sweden from the 16th to the 20th of June 1980. 





they establish the startirg time. The time of 
flight of a particle from the pipe to an outer 
ring of counters, one or iwo metres away, is 
measurably different for pions, kaons and 
protons below about 2 GeV/c. At present, 
times can be measured to about 200 
picoseconds, though considerably better 
particle identification could be made if 50 
picosecond resolution were possible, 
Schemes for doing this vere presented, but 
it was not obvious that any marked 
improvement can be made which will be as 
reliable, compact and robust as 
scintillators. Strand (Brookhaven, US) 
reported an elegant technique for making 
hodoscopes of 1 mm scintillating fibres, 
though this offers the advantage of good 
resolution at high partwle fluxes rather 
than an improvement in timing. 

The next shell of the detector is usually a 
tracking-chamber. At LEP it will have to 
be able to resolve up to 50 charged 
particles, many of them bunched in ‘jets’. 
The present chambers werking at PETRA 


(Hamburg) seem only just good enough for 


the job, though one of them, in the JADE 
detector, is more ambitious than the 
others. It uses fewer drift-ceils and lets the 
electrons from a track dri‘t further than in 
the conventional chambers. This, or the 
even more ambitious FPC (the time- 
projection-chamber at Stanford, builtby a 
Berkeley group and reported at the meeting 
by Nygren), seemed to be tue model people 
were taking for the LEP detector. Position 


resolution of 100 micrens should be 


possible — though presen detectors only 
achieve around 200 micrors — and tracks 
only 5 mm apart will need to be resolved. 
Separating close tracks is where TPC and 
JADE win. over the conventional 
chambers. But these two ‘pictorial drift 
chamber’ techniques also give many more 
samplings of the ionisation on a track and 
that can also be usec to provide 
n/K/proton identification below 1.5 
GeV/c and, in principle, from 3.5 to about 
40 GeV/c by measuring te ‘relativistic 
rise’ in ionisatiof. There was more 
controversy over the measurement of the 
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relativistic rise than over any other topic. 
Allison (Oxford) claims that the ISIS 
device is now achieving the predicted 
resolution in ionisation measurement, but 
there were many others who have made 
similar measurements and, as Lehraus 
(CERN) has observed, can only come 
within a factor of y 2 of the goal. Such a 
factor is crucial when the effect is only a 
10% change is energy-loss and one expects 
around + 4% uncertainty in 
measurements. 

An alternative to relativistic-rise 
measurements is to use cerenkov radiation 
to separate n, K and proton. TASSO at 
PETRA, as described by Leconte, has two 
large slices of Cerenkov counters which 
penetrate through the outer part of the 
detector and cover 20% of 4n solid-angle. 
There is a layer of aerogel counters with 
refractive index 1.023 and outside it two 
layers of atmospheric-pressure gas 
counters. This is an impressive and 
complex piece of instrumentation, yet it 
still leaves gaps — momenta at which n, K 
and proton cannot be separated. A 
recurrent call from speakers was for even 
lighter aerogel — a gossamer-like clear 
plastic — and groups at Saclay and Lund 
claimed that they will get the refractive 
index of aerogel down to 1.006 well before 
LEP is built. The disadvantage of the 
cerenkov approach to particle 
identification is that it seriously impedes 
the other kinds of measurement which, ina 
general purpose detector, come outside the 
tracking chamber. A radical idea from 
Ypsilantis (Ecole Polytechnique) may 
overcome this by using concentric spherical 
cerenkov detectors in which particles 
would produce ring images whose size 
would give the particle type and whose 
position would give the direction. 
Successful tests have been made on the 
detection of cerenkov light by large-area 
gas counters, but a list of formidable 
technical problems still has to be solved 
before a ring-imaging central detector can 
be proposed for LEP. 

In the central region only charged tracks 
are measured. But a great deal of energy 
goes into the neutrals; m°s and y-rays or 
neutrons and long-lived K°s. To catch the 
neutrals ‘calorimeters’ are used. These are 
dense arrays of heavy material and 
counters in which a fraction of the energy 
from an interacting neutral particle is 
converted into analogue signals which are 
summed to give a measurement of the 
energy. For electromagnetic showers the 
requirement is a high value of the atomic 
number Z, since y-ray conversion and 
electron bremsstrahlung are proportional 
to Z*.. The most precise energy 
measurements are those made with sodium 
iodide crystals and a number of specialised 
detectors (‘crystal balls’) have been used 
for y-ray spectroscopy with a small 
tracking chamber surrounded by hundreds 
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may be needed at LEP because there are a 
number of very important single-y decays 
which should be looked for, suchas e*e7> 
(Higgs + y) at the Z° peak, or the cascading 
y decays of the ‘‘toponium’’ family — an 
expected heavy analogue of the well- 
established w/J ‘‘charmonium’”’ family in 
which the y (3.7)yy processes have given 
useful information on quark binding. Less- 
specialised electromagnetic calorimeters 
will need similar energy resolution to the 
present lead plus liquid argon or lead 
scintillator systems, and better spatial 
resolution than all but the best of present 
detectors. Lots of new ideas for 
calorimetry were 
presented, including a plea by the author 
for the merits of solid argon, based on 
work by an Ecole Polytechnique-UCL 
collaboration. The new suggestion which 
was best received was the ‘Time Projection 
Quantameter’ — a drift-chamber filled 
with perforated lead sheets. It could not — 
nor could other gas-filled calorimeters — 
match the energy-precision of lead-glass or 
lead plus argon but it has good spatial 
resolution and may be easier to run than 
some of the other devices. For neutrons 
and long-lived kaons a much thicker and 
coarser calorimeter is needed because the 
absorption length for strongly interacting 
particles (hadrons) is much longer than for 
electrons and y-rays. Some of the present 
detectors incorporate hadron calorimeters 
outside the electromagnetic calorimeter 
and there was considerable discussion of 
these techniques. The best material to use is 
probably uranium, which amplifies and 
feeds back the energy normally lost as slow 
neutrons, but in many cases people are 
happy to use the segmented iron return 
yoke of the track-chamber magnet. It was 
surprising to many of us that with a 
conventional solenoid around the central 
detector and with a hadron calorimeter of 
uranium plus scintillator, charged hadron 
energies above 10 GeV/c might be better 
measured in the calorimeter than in the 
tracking chamber. 

Solenoid magnets remain popular. 
There is a strong school of thought which 
advocates conventional, large-radius, low- 
field solenoids, rather than small supercon- 
ducting ones. For specialised detectors the 
‘open solenoid’, as used by the DELCO 
detector at Stanford, can allow particles 
into cerenkov counters without 
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100 years ago 


In a recent paper to the Belgian Academy (Bull, 
No. 5) Abbe Spée contends that the spectral line Da, 
with wave-length about 588, observed in the 
chromosphere and protuberances, and assigned to 
a hypothetical body, helium, which some suppose 
to have a stil more simple molecular constitution 
than hydrogen, probably belongs in reality to this 
gas. As toitsnon-reversibility, he considers that ata 
very small distance from the chromosphere the 
sclar hydrogen may be so far cooled as to be 
comparable to that which we manipulate, and so, 
unable to extinguish waves which it can no longer 
produce, just as a stretched cord loses the property 
Of vibrating in sympathy if its tension have been 
altered. 

From Nature 22, 12 August, 350, 1880. 
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interacting, but experience with the 
PETRA detectors shows that one 
radiation-length of coil does not interfere 
too badly with the performance of a 
subsequent electromagnetic calorimeter. 
One intriguing development reported at 
the meeting may turn out to be important in 
many other fields as well as in high energy 
physics. Kunz (Stanford University) 
described his ‘emulating processor’, a 
small cheap home-made microprocessor 
which has similar internal architecture to 
Stanford’s large IBM computer. This 
allows it to execute programs which have 
been compiled on the IBM and so take 
away a large part of the ‘number 
crunching’ load from the central 
laboratory machine. One Stanford 
experiment now claims to have more 
computing power than two or three of the 
major international laboratories put 
together. Among other powerful electronic 
techniques which can now be considered 
there was considerable interest in ‘flash 
analogue to digital converters’ — devices 
developed for television purposes which 
sample an analogue level at a rate of more 
than 40 MHZ. They are expensive at the 
moment and, as an alternative, the TPC 
group made a strong defence of their 
charge-coupled shift-register technique for 
doing the same kind of job. They claim it 


costs only $30 per channel including the 


analogue to digital converter. When the 
data has been digitised it must be checked. 
Do all these ‘hits’ constitute a track? How 
much energy did the calorimeter catch? It 
may be that the advances in hard-wired or 
field-programmable microprocessor logic 
will play a larger part in improvements of 
the instrumentation at LEP, compared 
with PETRA, than any advances in the 
detectors themselves. LEP will have 25 
microseconds between bunch-crossings so 
it will be possible, according to Waloschek 
(Hamburg), to apply ~ 50,000 separate 
series and parallel tests on the data from 
one event before deciding whether to 
record it; and if there is a bank of emulating 
processors standing by it could then be 
possible to run through the complete 
analysis on the spot. A totally different 
approach to decision-making logic was 
suggested by Julia Thompson (Pittsburg) 
who has been experimenting with a 
holographic technique which might go well 
with fibre-optic data transmission. 
Techniques already exist for doing many 
of the things that need doing at LEP and 
there is a community of high energy 
physicists from all over the world who are 


eager to get started. The teams are likely to 


be of a hundred or so per experiment. 
There will not be much that a ten-man- 
team could do by themselves, but since the 
equipment is so modular it is clear that 
small groups from many separate 
institutions will contribute their own pieces 
to the whole and, with the spread of 
remote-access computer systems, much of 
the analysis will still be done in universities 
hundreds of miles away from LEP itself. © 


A LC mmr tt daaa v rh PAULEEN SEANA NANPA PERL AAAA ANAP Rr tt referrer ARANA niany r as 


=) 1980 Macmillan Journals Lid 





Nature Vol. 286 14 August 1980 


REVIEW ARTICI 







The ontogeny of the neural crest in 
avian embryo chimaeras 


Nicole M. Le Douarin 
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The migration and subsequent development of autonomic ganglion cell precursors can be followed in 
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suitably constructed chimaeric quail-chick embryos, thanks to the distinctive struciures of quail and. 
chick interphase nuclei. The decisive role of environmental factors arising from non-neuronal tissues on 
the chemical differentiation of neurones was demonstrated together with the lability of their phenotype 


during ontogeny. 


EMBRYONIC development involves extensive movements of 
cells to achieve histogenesis and modelling of the body. With a 
few exceptions, such movements are extremely difficult to follow 
précisely by classical embryological methods. In fixed tissues, 
migrating cells, if they can be identified at all, can usually only be 
‘recognized in favourable situations, as for example when they 


are just leaving their site of origin. Since the expression of a 


particular differentiated phenotype generally occurs only after 
cell migration has taken place, the cells rapidly become indis- 
tinguishable from the equally undifferentiated surrounding 
tissues, The construction of embryonic ‘fate maps’ thus involves 
marking presumptive migrating cells so that their movements 
can be followed during ontogeny. This type of study, from which 
fundamental data on the formation and the fate of the germ 
layers have been obtained’’, entails differential labelling of 
relatively large tissue areas with rather crude methods, such as 


the application of vital dyes or small marking particles to 


specified embryonic regions. To investigate the migratory 
behaviour of individual cells, more precise means had to be 


found. One important way of achieving such refinement has. 
been the use of techniques for combining early embryonic cells 


of different genotype. Such chimaeras develop normally and can 
be used to trace cell lineages through characteristic genetic 
markers; © 

-Inerecent years, cell migration, cell denno and cell-cell 
interactions during ontogeny of the avian embryo have become 
better understood, through the development of such a marking 
technique based on differences of the nuclear structure in two 
species of birds—the chick (Gallus gallus) and the quail 
(Coturnix coturnix japonica). 


quail—chick marking technique 


‘presence in.all embrvonic and adult cell types. of the quail of 
‘ge amount of heterochromatin associated with the nucleolus 
was first described in 1969, and this characteristic was proposed 
as a cell-marking technique i in combinations of embryonic cells 
from the quail and the chick*. T axonomically, the two birds are 
closely related, but they differ significantly in the duration of 
their. incubation falas (16 days for the quail, 21 RE for. the 















it th see: times as much as ‘the quail. However, ass own by 
the tables of saa of the two species’? thec 







cells can readily be recognized i in sectioned material with the 
Feulgen—Rossenbeck stain or in the electron microscope after 
the routine uranyl acetate-lead citrate staining procedure. In 
undifferentiated cells, characterized by a high proliferation rate, 
the nucleolus is enlarged and made up of intimately associated 
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DNA- and RNA-containing structures”. In most differenti 
cell types, the nucleolus is formed of a compact mass (son ne 
2 or 3) of heterochromatin, distinct from the nucleolar 
which occur as ‘satellites’ in contact with the heterochror 
The structure of the nucleolus thus vares somewhat ac 
to the cell type considered and the degree of differe 
reached. Nevertheless, the differences in their structures in quail 
and chicken cells are always cdpapiquoas enough to make: them 
easy to identify”. 

Quail-chick chimaeras can be poetic either. in vivo or in 
culture, In the latter case, in ic ltypes fro 
each species can be analysed in | finite | 
genetic process. Organotypi ae: an vitro or or grafting of the 
combined tissues on the avian- i o nbr 
(CAM) provides suitable conditions for these kinds: of | experi- 
ment’. The quail—chick syste n has also been applied to cell 
culture for recognition of nuclei in heterokaryons after acridine- 
orange staining”. However the domair in which it has so far been 
the most profitable is in the analysis of chimaeric: embryos 
constructed in ove by implanting pa cells into chick, or vice 
versa. l 

This method has been applied i in my laboratory to study the 
ontogeny of two systems that involve extensive cell migrations in 
the embryo, the neural crest and the haemopoietic organs. 













Migration pattern and fate of 
neural crest cells 


The neural crest is a transitory structure of- a céitebrate 
embryo arising from the lateral ridges of the nervous prir aor- 
dium and giving rise, among other cell types, to the neurones and 
supporting cells of the peripheral nervous system (sensory 
ganglia of the head and the rachis and autonomic ee 
and parasympathetic ganglia), te the eae and to 
mesenchymal derivatives in the head: As thee ts 
from the neural crest are dispersed in variou 3 
neural crest cells have to migrate throughout the ‘developing 
body before reaching the embryonic rudiment in which they 
differentiate. This structure is, in many ways, an attractive model 
for the study of certain developmental problems and the fate of 
its cells has been widely investigated. Although they yielded 
much important information, the 2xperimental techniques used 
by earlier workers for investigating differentiating capabilities of 
crest cells. (excision and electrecauterization of the neural 
anlage, and various cell labelling techniques: see refs 6, 10, 11) 









_ did not provide a complete and detailed picture of the migration 


pattern and the developmental fate of the whole population 
derived from the crest. The anplication of the -quail—chick 


_ marker to this problem brought additionaf information. on. the 


role.of the neural crest in the corstruction of the head in aa 
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Fig. 1 Schematic representation of the isotopic-isochronic graft- 

ing technique of neural primordium between quail and chick 

embryos. a, Chick host embryo following the removal of the neural 

anlage from somite 4 to somite 10. b, Quail donor embryo from 

which the corresponding fragment of the neural tube + neural fold 

is isolated by enzymatic digestion. c, Graft of the quail neural 
primordium into the chick embryo. 


vertebrates'*'° and allowed new crest derivatives to be 


identified" °. The method used, derived from that described by 
Weston’’, involved (1) surgical removal of a defined region of 
the neural primordium in a host embryo before the onset of crest 
cell migration at this level; and (2) its replacement by the strictly 
equivalent neural area originating from a donor embryo of the 
alternative species, at the same developmental stage (that is, 
isotopic and isochronic grafts) (Fig. 1). Since the graft is correctly 
positioned in the host, it develops normally in the chimaera (Fig. 
2). Furthermore, the regulation processes that often follow 
extirpation of embryonic territories do not take place in the 
chimaera since the empty space is occupied by an equivalent 
structure originating from the donor embryo. Immunological 
mechanisms do not function during embryonic life and tissues of 
the two species are thus tolerated by each other. In the cephalic 
region, where the neural fold is larger than in the trunk, selective 
substitution of pieces of the neural crest alone can be carried 
out'*'*, Migration of crest cells is followed on serial sections of 
the host embryos at various developmental stages. Recognition 
of the phenotype displayed by the grafted cells requires 
identification of both nuclear characteristics and an appropriate 
differentiation marker in the same cell, Electron microscopy can 
sometimes do this but, more often, the successive application of 
a cytochemical method (for example Falck’s technique to evi- 
dence catecholamines*') and the Feulgen—Rossenbeck stain on 
the same section, have to be used. 


Differentiation of the peripheral nervous 
system 


Cells originating from the neural crest differentiate into consti- 
tuents of two majot neuronal systems: the sensory and the 
autonomic. Considerable interest has been focused in recent 
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years on the development of autonomic nerve cells and parti- 
cularly on their chemical differentiation in terms of neuro- 
transmitter synthesis. In complementary approaches the migra- 
tory behaviour and capabilities for differentiation of the 
presumptive autonomic neuroblasts have been studied by means 
of transplantation experiments in vivo, and the stability of 
neurotransmitter synthesis in developing autonomic neurones 
has been examined in vitro. 

Although the ganglia of the autonomic nervous system and 
the adrenomedullary cells have long been recognized to be of 
neural crest origin, the migration pathways followed by their 
precursor cells were controversial (see ref. 22). By using the 
quail—chick chimaera system, we investigated their origin in 
normal development in the avian embryo. Isotopic and iso- 
chronic grafts of small fragments (corresponding to a length of 
4-6 somites) of quail neural primordium into chick embryos 
(and vice versa) were systematically carried out along the whole 
length of the neural axis. The migrating neural crest cells were 
thereafter observed on serial sections of the host trunk (in the 
sympathetic chain and the adrenal medulla) and digestive tract 
(in the enteric and intravisceral ganglia). A correspondence 
could be established between the level of the graft and the 
definitive location of ganglion cells. In this way, the fate map of 
the autonomic cell precursors could be established (Fig. 3). 

One of the striking observations made during these experi- 
ments was the finding that in the cervico-dorsal region (between 
somites 7 and 28) neural crest cell migration was strictly 
confined to the dorsal mesenchyme derived from the somites 
and the intermediate cell mass. Except for the melanocytes and 
for the Schwann cells that followed the nerve bundles to the 
periphery, neural crest derivatives were restricted to the sensory 
and sympathetic chain ganglia, the aortic and adrenal plexuses 
and the adrenomedullary paraganglia. No ganglion cell pre- 
cursors penetrated the dorsal mesentery to contribute to either 
the ganglion of Remak or the enteric plexuses. In contrast, 
isotopic grafts carried out at the vagal (from somites 1 to 7) and 
lumbosacral (behind the 28th somite pair) levels of the neural 
primordium resulted in colonization of both the dorsal mesen- 
chyme and the splanchnopleure. The myenteric plexuses are 
derived mainly from the crest at the level of somites 1-7; the 
contribution of the lumbosacral crest is restricted to the ganglion 
of Remak and to some ganglion cells of the post-umbilical gut. 
Crest cells continue to migrate ventrally from the vagal region 
between the 7- and 14-somite stages (approximately) and 
become incorporated into the mesodermal wall of the fore-gut, 
where they subsequently undergo a long cranio-caudal migra- 
tion. Penetration of the hind-gut by either vagal or lumbo-sacral 
crest cells does not occur before days 7 to 8 of incubation**”’. 

The neural crest can therefore be divided into several 
different axial regions with respect to the development of the 
autonomic nervous system. One (level of somites 1-7) gives rise 





Fig.2 Transverse pigmented stripe resulting when a fragment ofa 
quail neural tube was grafted into a White Leghorn chick embryo. 
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Fig. 3 Diagram showing the ongin of adrenomedullary cells and 
, autonomic ganglion cells. The spinal neural crest caudal to the level 
of the fifth somute gives mse to the ganglia of the orthosympathetic 
chain. The adrenomedullary cells originate from the spinal neural 
crest between the level of somites 18-24. The vagal neural crest 


(somites 1-7) gives rise to the parasympathetic enteric ganglia of , 


the pre-umbilical region, the ganglia of the post-umbulical gut 


onginating from both the vagal and lumbosacral neural crest. The ` 


ganglion of Remak is derived from the lumbosacral neural crest 
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When is the chemical differentiation of the | 
autonomic neurone precursor determined? 


To determine if chemical differentiation occurs before migra- 
tion, we investigated the kind of transmitter synthesized by 
neurones when their extraintestinal migratory phase was eli- 
minated. Since neural crest cells reach the hind gut only at 7 to 8 
days of incubation, the colorectum remains totally aneural if it is 
removed from the embryo before this stage and grown on the 
CAM. When such an aneural rectum was associated with trunk 
neural crest for 10 to 12 days on the CAM, the crest cells 
migrated into it and differentiated into Auerbach’s and Meiss- 
ner's plexuses, in which catecholamine (CA)-containing cells 
were never observed. In contrast, sigmificant levels of choline 
acetyltransferase (CAT) and acetylcholinesterase (AchE) 
activities were present in the explants’~*. Thus the induction of 
cholinergic metabolism does not depend on environmental 
signals received by autonomic neurons precursor cells during 
migration. 

In contrast, the expression of the adrenergic phenotype in 
sympathoblasts does seem to be influenced by developmental 
cues during the dorso-ventral migration of the neural crest cells. 
By associating the neural crest with various trunk structures, 
Cohen?’ and Norr™* reached the conclusion that the crest cells 
receive differentiating signals on their route and that the noto- 
chord, ventral neural tube and somitic mesenchyme are of 
decisive importance in promoting CA~synthesis in crest neuro- 
blasts. 


(posterior to the 28th somite level). CiHary ganglion (CG) is 
derived from the mesencephalic neural crest. ADGL, adrenal 
gland; Mes., mesencephalon; SCG, superior cervical ganglion. 


to the enteric ganglia of the gut. Another (somites 7-28) is the 
precursor of sympathoblasts of the trunk (within this area, the’ 
‘adrenomedullary’ level of the crest contributes to the adrenal 
glands) and, finally, there are two regions from which both 
enteric and sympathetic ganglion cells arise (somites 5-7 and 
behind the 28th pair of somites). Next, neural primordia were 
transplanted heterotopically between quail and chick embryos, 
as shown in Fig. 4. This was to find out whether the migratory 
behaviour and phenotypic expression of crest cells from these 
regions were irreversibly fixed before migration and if experi- 
mental rearrangement of the axial levels of the neural crest 
would lead to developmental disturbances in the distribution 
and development of crest cell derivatives. Analysis of the resul- 
ting chimaeras showed that the neural crest cells of the 
adrenomedullary region, grafted at the vagal level, were able to 
colonize the gut (which they never do in normal development) 
and give rise to functional cholinergic enteric ganglia; second, 
neural crest cells from the quail mesencephalon or rhom- 
bencephalon, grafted at the chick adrenomedullary level, 
produced adrenergic sympathetic ganglia, populated the 
adrenal gland and differentiated into adrenomedullary-like 
cells?*?. This indicated that the migratory behaviour of the crest 
cells depends on the pathways available when they leave the - 
neural primordium rather than on some specificity related to 
their origin in the neural axis. The vagal and the adrenomedul- 
lary regions of the embryo provide preferential-pathways lead- 
ing crest cells to the gut and to the suprarenal gland, respec- 
tively. In addition, the phenotypic expression of the crest cell 
population is regulated by environmental factors which elicit 
either cholinergic or adrenergic cell differentiation, irrespective 
of their fate in normal development. Furthermore, the poten- 
tialities for giving rise to cholinergic parasympathetic cells, 
adrenergic sympathetic ganglia and adrenomedullary paragan- 
glia are not restricted to the areas identified in the isotopic- 
isochronic experiments, but are present in the entire crest. 





Chick host 4 


Two questions thus arise. First, do the environmental signals 
for differentiation act on neural crest cells during their migration 
or after they have reached their definitive location? And second, 
when do the developing autonomic neurones become irrevers- 
ibly differentiated into adrenergic or cholinergic cells? 


Fig. 4 Heterotopic grafts of quail neural primordium into the 

chick embryo. a, The quail primordium is removed from the 

mesencephalon; the antenor rhombencephaion or at the vagal 

level and grafted into the adrenomedullary région. b, The neural 

tissue is taken at the adrenomedullary level and grafted at the vagal 
: level. 
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Fig. 5 Association of the aneural colorectum of a 5-day chick 
embryo with various dorsal trunk structures of 2-day embryos: (1) 
chick intestine + quail neural crest (NC). (2) chick intestine +quail 
neural crest and neural tube (NT). (3) chick intestine + quail neural 
crest/neural tube and chick notochord. CAT, choline acetyl- 
transferase. Cholinergic ganglia develop in all cases. Adrenergic 
ganglia differentiate only in explants containing the notochord. 


It is striking that the first CA-containing neuroblasts appear in 
the somitic mesenchyme (in fact in the sclerotomal part of the 
somite) in the immediate vicinity of the notochord and of the 
dorsal aorta. We therefore decided to reinvestigate the respec- 
tive roles of each of these dorsal trunk structures (neural tube, 
notochord and somitic mesenchyme) in sympathoblast 
differentiation. When trunk neural primordium was isolated and 
inserted in aneural gut wall mesenchyme (Fig. 5), the neural 
crest gave rise to enteric plexuses; but in spite of the presence of 
the neural tube in the explants, no CA-containing cells could be 
detected in the ganglia. The result was therefore similar to the 
differentiation observed when the neural crest alone was asso- 
ciated with the gut’®. In contrast, the inclusion of the notochord 
in the tissue associations resulted in the development of chol- 
inergic myenteric plexuses and also in the formation of a series 
of adrenergic ganglia, located in the wall of the gut and charac- 
terized by the greenish fluorescence of CA. It is therefore clear 
that among the dorsal trunk structures, the notochord is of 
decisive importance in eliciting adrenergic differentiation in 
sympathoblasts, since, in its presence, adrenergic cells develop 
in the splanchnopleural gut mesenchyme, which normally 
supports only cholinergic differentiation. Moreover, this finding 
is in contradiction with the conclusions previously reached by 
Cohen” that the somite was the only structure of the embryo 
able to provide a convenient mesenchymal environment for 
adrenergic differentiation of crest-derived neuroblasts. In fact, 
culture experiments (unpublished) show that both the noto- 
chord and the sclerotomal part of the somitic mesenchyme are 
equally able to induce CA metabolism in the crest neuroblasts. 
This accounts perfectly for the distribution of the adrenergic 
cells in the trunk structures of the early embryo. 

A recent observation made by Cochard et al.” in the rat 
embryo supports the notion that notochord induces the 
adrenergic phenotype. Both tyrosine hydroxylase and CA first 
appear at 11.5 days of gestation in the sympathetic ganglia of the 
trunk. But, in addition, cells with an adrenergic phenotype are 
transiently detectable in the gut wall from day 11.5 to about day 
14.5, Thus CA differentiation in these cells may have been 
induced by interactions with the somite-notochord-neural tube 
environment during stheir dorso-ventral migration towards the 
gut. The resulting adrenergic phenotype is expressed for a time 
after cells have left the dorsal trunk structures and while they are 
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pursuing their migration in the gut, but it cannot be maintained 
in the gut, either because of the lack of appropriate stimulation, 
or because other factors intervene. 





Lability of transmitter phenotype in 
developing autonomic neurones 


If the neurotransmitter phenotype of neural crest cells is selec- 
ted by the tissue environment during early development what is 
the stability of the chemical differentiation in the developing 
autonomic neurones? We have investigated this by attempting 
to change the fate of already differentiating ganglion cells. 

Cholinergic ciliary ganglion from 4.5-6 day quail embryos 
were incubated and implanted into the dorsal trunk environ- 
ment of a 2-day chick host at the level of somites 18 to 24, the 
idea being to subject the maturing cholinergic cells to the 
adrenergic signals normally operating from day 3 to 4 on the 
precursors of sympathoblasts and adrenomediullary cells (Fig. 
6). The ciliary ganglion, which normally never contains 
adrenergic cells at any stage, exhibited cholinergic activity at the 
time of grafting*’**. Examination of the host embryos at 8 to 10 
days showed that, irrespective of its age when grafted, the ciliary 
ganglion never remained intact at the site of implantation. Quail 
cells were found dispersed in the host trunk structures, but not 
randomly: they were always localized exclusively in normal sites 
of neural crest cell arrest and participated in the formation of 
various host crest derivatives, that is sympathetic ganglia, aortic 
and adrenal plexuses, adrenomedullary cords, ganglion of 
Remak and enteric plexuses. However, quail cells were virtually 
never found in the host sensory ganglia; in contrast, the Schwann 
cells of the rachidian nerve were mostly of the quail type at the 
site of the graft. 

The ability of cells of a differentiating ganglion to migrate 
anew when grafted into the microenvironment which normally 
sustains crest cell migration is remarkable enough. However, the 
result obtained by treating the sections with the combined 
FIF~Feulgen—Rossenbeck techniques was even more striking: 
the quail cells which had homed to the sympathetic ganglia, the 
aortic and adrenal plexuses and the suprarenal gland exhibited 
the bright greenish fluorescence of CA (Fig. 7). In electron 
microscopy, most of the quail cells of the suprarenal gland, 
recognizable by their large DNA-rich nucleolus, were also seen 
to contain the electron-dense secretory granules characteristic 
of adrenomedullary cells. 

Although in some cases sympathetic chain ganglia in the host 
were found to be totally (or mainly) made up of quail cells, 
grafted and host cells were usually intermingled. The possibility 
that the fluorescence observed in the quail cells resulted merely 
from an uptake of CA released by host sympathoblasts was ruled 
out by experiments in which the host neural crest was removed 
before the graft of the quail parasympathetic ganglion. In this 
case, adrenergic nervous structures entirely made up of quail 
cells developed at the site of the operation and showed the same 
CA fluorescence as in the previous series”. 

The cells of the ciliary ganglion which colonized the splanch- 
nopleure and became localized in the host Remak and enteric 
ganglia were not CA-positive after FIF treatment, and presum- 
ably developed as cholinergic cells. . 

In recent (unpublished) experiments, pieces of ciliary ganglia 
taken from quail embryos as old as 9 days of ‘incubation were 
similarly grafted into 2-day chick embryos. Quail cells were 
found in the same locations in the host structures as in the 
previously described experiments except that their migration 
was practically restricted to the dorsal trunk and generally did 
not penetrate the dorsal mesentery. Many quail cells were found 
with CA fluorescence in the sympathetic host ganglia in the 
adrenal gland and in the aortic plexuses. 

We are currently examining in detail the ability of the grafted 
cells to proliferate in a young host. Merely from the extent of 
quail cell distribution in the 8-day host following the graft of a 
4.5-to 6-day-old ciliary ganglion, tt is clear that their number is 
higher than the total number of neurones of the mature ciliary 
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ganglion. Detailed counts of the number of quail cells labelled 
one hour after *H-thymidine injection at various intervals after 
grafting, show that many mitoses occur both during the migra- 
tion of ciliary ganglion cells and after their stabilization in host 
structures. Numerous quail neurones and adrenomedullary cells 
are labelled with *H-thymidine at all stages up to 9 days of 
incubation of the host. These observations are in agreement with 
the recent findings™ that developing sympathoblasts, actually 
synthesizing CA, divide until late in development. 

Such proliferative potential is not maintained as long in the 
cholinergic ciliary ganglion since, according to the work of 
Landmesser and Pilar*’, mitotic activity has virtually stopped in 
chick neuroblasts at stage 25 (4.5 to 5 days of incubation), while 
the definitrve number of neurones, after physiological cell death 
has occurred, is reached around day 12. Therefore, trans- 
plantation of a cholinergic ganglion into a younger host changes 
its developmental program profoundly enough to modify not 
only its chemical differentiation but also the number of cell 
cycles that the neuroblasts undergo before reaching maturity. 

In summary, our results demonstrate that CA synthetic ability 
exists in cells of developing cholinergic ganglia; although not 
expressed in normal development, it can be elicited by the dorsal 
trunk structures and the adrenal gland environment. 

Since all our experiments deal with the transplantation, not of 
single cells but of a population, our results do not allow us to 
state that the appearance of CA-producing cells results from the 
conversion of initially cholinergic cells. It may well be that the 
ciliary ganglion, even as late as 9 days of incubation, contains a 
pool of still undifferentiated neuroblasts which may be destined 
to disappear later on in normal development. It should never- 
theless be emphasized that the capacity for a developing 
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Fig.6 Experimental design for back-transplantation of differen- 

Hating cholinergic ganglia from 4- to 6-day quail donor embryos 

into 2-day chick hosts. The ciliary ganglion (CG) is dissected and 

inserted either whole or in pieces into a slit made between the 

neural primordium and the somites (S). DA, dorsal aorta: Gr, 
graft; NC, neural crest; No, notochord. 
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autonomic neurone to change its transmitter metabolism in 
response to environmental influences has been indisputably 
demonstrated by experiments in vitro?™™. 

Manipulation of the fluid environment in which dissociated 
post-mitotic neurones from the newborn rat superior cervical 
ganglion are growing has been shown to influence the choice of 
transmitters and the type of synapse they make. These elegant 
experiments (reviewed by Patterson’) have revealed the exis- 
tence of a soluble factor mediating the conversion of an 
adrenergic to a cholinergic phenotype Moreover, during the 
switch in transmitter metabolism in culture, neurones with both 
adrenergic and cholinergic functions have been identified in 
single-cell cultures***’. 

Although cell physiology may be profoundly altered by 
culture conditions, the results obtained /n vitro are important in 
defining the mechanisms regulating autonomic nervous system 
development in vivo, particularly in two respects. First, the 
discovery that a change in transmitter synthesis can occur in 
post-mitotic nerve cells and the demonstration of dual-function 
neurones in culture strengthen the view that in the trans- 
plantation experiments in vivo, the environment imposes the 
choice of phenotypic expression on bipotential neuroblasts. The 
alternative hypothesis, that the microenvironment merely 
selects from a mixed population of committed adrenergic and 
cholinergic neuroblasts, becomes more unlikely. If the dual- 
function neurones detected in culture represent a transitional 
state between the adrenergic and the cholinergic condition, it 
seems probable that a similar process takes place in reverse 
when the cholinergic ciliary ganglion cells become adrenergic 
after back-transplantation into a younger host. Second, the 
demonstration that cholinergic differentiation can be triggered 
in vitro by a factor of non-neuronal cell origin suggests that an 
analogous mechanism might operate in vivo. In particular our 
experiments suggest that adrenergic differentiation is regulated 
by “factors” produced by cells of the notochord or by the 
sclerotomal part of the somite and released into the extracellular 
matrix. Alternatively, an integral membrane component of the 
sOmitic mesenchyme might influence crest cell differentiation 
through intimate cell-cell contacts. The developmental rela- 
tionships between sclerotomal and neural crest cells during 
ontogenesis support such a hypothesis but, experiments involv- 
ing cultures of neural crest in vitro, to be described below, show 
that such cell-cell contacts are not necessary for eliciting CA 
metabolism in the developing sympathoblasts. 


Developmental capabilities of 


neural crest cells in vitro 

From their study of the in vitro differentiation of crest cells in the 
absence of any other tissue of the embryo, Greenberg and 
Schrier“? reported CAT activity in mesencephalic neural crest 
cells after 7 days in culture and Cohen*? described the 
appearance of adrenergic cells in trunk crest cultures. In both 
cases, the total neural anlage was explanted for 48 hours and, 
after the migration of crest cells had zaken place, the neural tube 
was mechanically removed. This technique cannot avoid possi- 
ble contamination of the crest cultures by central neurones or 
possible influence of the neural tube itself on peripheral neuro- 
blast differentiation’. Therefore our approach has been to 
excise neural crest from quail embryos, at both mesencephalic 
and truncal levels, by a microsurgical procedure that leaves the 
neural tube in place. Cultures of pure crest explants from each 
region underwent morphological differentiation and were able 
to synthesize both ACh and CA. Although the amount of 
neurotransmitter synthesized could be increased by co-culturing 
with a variety of embryonic tissues, the ratio of ACh to CA 
formed in @ given culture was markedly dependent on the 
composition of the liquid medium. In particular, horse serum 
was found to favour ACh synthesis, whilst fetal calf serum 
preferentially enhanced CA production. These studies, together 
with those of other workers‘**?, strongly suggest that direct 
intercellular contact with non-neural tisswe is not essential for 
inducing neurotransmitter synthesis. 
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Fig.7 Result of the experiment of back-transplantation of a quail 
autonomic ganglion into a 2-day chick embryo (as represented tn 
Fig, 6). Transverse section of the host at 7 days of incubation at the 
level of the sympathetic ganglia. a, CA-containing cells shown after 
application of Falck’s technique. 6, Post-staining of the same 
section with the Feulgen reaction shows that the fluorescent cells 
originate from the grafted ciliary ganglion since they have the 
nuclear marker. x460, 


The choice between the cholinergic and the adrenergic path- 
ways made in vivo by future neuroblasts could thus be the result 
of selective induction by soluble factors encountered at the 
opportune moment. If such an interpretation is correct, one has 
to assume that differentiating factors for both ACh and CA 
synthesis are present in the culture medium. They might be 
provided by the serum and/or by the embryo extract. Another 
possibility is that neuroblast precursors have the ability to 
synthesize neurotransmitters while still in the neural primor- 
dium: the role of environmental cues would then be limited to 
stabilizing and enhancing the appropriate phenotype. 

As far as the adrenergic system is concerned, a number of 
histochemical studies have shown that the earliest detectabie 
appearance of tyrosine hydroxylase and of CA synthesis in 
presumptive sympathoblasts coincides with their aggregation 
into the primary sympathetic chain’’**“°, This suggests that the 
first of the above mentioned alternatives is correct and that an 
inductive event occurs during the crest cells’ dorso-ventral 
migration which gives them a bias towards the adrenergic 
pathway. On the other hand, recent results from our laboratory 
cast serious doubt on the applicability of this hypothesis to 
cholinergic differentiation®’. We were, in fact, able to show that 
mesencephalic crest, excised from quail embryos of 8-12 
somites (when the crest appears as an actively migrating sheet of 
cells under the ectoderm**) is able to convert *H-choline to 
*H-ACh and that this transformation is due to CAT. Further- 
more, this activity can also be detected at an even earlier stage 
(5-7 somites), when migration is just beginning. In other words, 
mesencephalic crest cells already contain a cholinergic system 
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when they start to migrate. We cannot yet say whether all or only 
some of the crest cells are involved. However, if we assume that 
the early cholinergic differentiation concerns the presumptive 
parasympathetic neuroblast (the ciliary ganglion is derived from 
the mesencephalic crest'***), the obvious implication is that no 
inductive stimulus is necessary once the latter have reached their 
definitive site, and cholinergic maturation involves consolida- 
tion and augmentation of already acquired properties. There is 
one clear case in which external cues have been shown to 
stabilize synthesis of a particular kind of transmitter and 
decrease the lability of neuronal chemical differentiation: 
Walicke et al.*” have shown that the chemical differentiation of 
sympathetic neurones is stabilized by neuronal activity itself. 


Conclusions 


In our laboratory and elsewhere quail-chick chimaeras have 
proved most useful in the investigation of the early stages of the 
differentiation of the nervous system“, We have already 
identified some new derivatives of the neural crest and analysed 
certain aspects of the development of the autonomic nervous 
system; comparison of the in vivo transplantation and in vitro 
culture experiments has been particularly fruitful. 

Future experiments will explore the developmental relation- 
ships which may exist between the neuroblasts that give rise to 
the sensory neurones of the dorsal root ganglia and those which 
become autonomic cells. It would be of great interest to know 
when the commitment of these different cell types occurs and 
whether the choice in this case also, remains labile for a while. 
The relationships between the glial satellite cells of the ganglia 
and the neural cell lines will also be examined. Furthermore the 
chemical differentiation of the peripheral neurones needs to be 
reconsidered in terms of neurotransmitters other than just ACh 
and CA and including neuropeptides. 

Note that the chimaeric cell labelling technique has also been 
of great value in analysing many other aspects of embryonic 
development such as the ontogeny of the haemopoietic 
system” °’, the development of the kidney®””’ and limb% and 
the early movements of cells in gastrulation®®”. 
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The IF2 immunoglobulin mutant is a DNA deletion of one coding segment and large sections of the flanking intervening 


sequences. The deletion results in a new splicing pattern and starts in a DNA region containing ta) 


which may carry heavy-chain class switch signals. 





_IF2 WAS the first structurally defined deletion mutant of 
- eukaryotic cells growing in tissue culture’. It was isolated as a 
spontaneous mutant secreting an immunoglobulin of altered 
isoelectric. point’. Its phenotype was defined by sequence 
analysis’, mRNA size? and mRNA: sequence* as due to an 
internal deletion of the y1 heavy chain of the parental myeloma 
protein secreted by the cell line P3 (a line of the tumour MOPC 
21 (ref. 5) adapted to tissue culture®). Internal deletions of 
immunoglobulin heavy chains are characteristic of a myeloma- 
like disease, the human heavy-chain disease (HCD)’*, and IF2 
represents an analogous example in the mouse. We show here 
that the genetic origin of the protein deletion is a large deletion 
at the DNA level. The deletion involves at least 5.5 kilobases, 
including an entire segment of coding sequence (exon) and parts 
of the intervening sequences (introns). The consequence is a new 
phenotype resulting from the splicing of two exons not normally 
ligated together, demonstrating the importance of colinearity of 
splicing points. 

The segments of DNA at which the deletion begins and ends 
have been studied in detail. The present study leads us to 
conclude that those points are relevant to an portent event 
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taking place during maturation of the immune response, the 
heavy-chain switch. For this reason, experiments are also 
described to explore further the correlation between the IF2 
deletion and the class switch. 


The IF2 mutation is a DNA. deletion 
in the heavy-chain gene 


The constant (C) region of the +1 heavy chain (the PEE 
secreted by P3 and its mutant IFZ is divided into three domains 
of primary and tertiary structure homology, designated CHI, 
CH2 and CH3 from the amino- to the carboxy-terminal end. 
Between the CH1 and the CH2 domains there is a segment, the 
hinge region, of about 13 amine acids, which includes all the 
inter-chain disulphide bridges. The IF2 protein deletion 
encompasses exactly the CH1 domain. The gene for the CyT 
region contains four segments of DNA coding for each of the 
domains and the hinge (exons) separated by. intervening 
sequences (introns)”"°. As the exons are spliced together, the 
CH1 protein deletion could be the result of either a DNA 








deletion of part or all of the CH1 exon, or the result of another 
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AP3X63 DNA B IF2 DNA 
EcoRI EcoRI 


Fig. 1 Isolation of a recombinant 
DNA clone containing yl coding 
sequences from IF2 cells a, Sucrose gradier 
Identification of EcoRI fragments 

containing y1 sequences. High molecu- è Tag 
lar weight DNA from P3-X63 cells (left) r 

or IF2 cells (right) was digested with 

FeoRI, using as an internal control the 

digestion pattern of phage A DNA. The -21 
digested mouse DNAs were frac- 
uonated on a 0.8% agarose gel and 
transferred by blotting onto nitrocel- 
lulose filters“ [he filters were 
pretreated and hybridized in 1 x SSC, t PA 
0.9% dextran sulphate to nick-trans- at —14-- 
lated pyl/AS (ref. 4) DNA as pre- m 
viously described''*'**, The filters 

were washed’’ and autoradiographed 

for 14 days at -70 °C, using preflashed 

flm and tungstate intensifying 

screens. b, Partial purification and 

cloning of the IF? mutant gene. High 

molecular weight DNA (600 ug) from ka p 
IF2 cells was digested with EcoRI .. 
extracted with phenol and precipitated . 
with ethanol. The sample, dissolved in 

0.25 ml 50mM NaCl, 20mM EDTA, i 
was fractionated on a 10-30% sucrose 

gradient containing 1 M NaCl, 1 mM $ 
EDTA, 10mM Tris (pH 7.5) in the 

SW27 rotor (25,000r.p.m., 23h, 

20°C). The gradient was fractionated 

into 39 fractions, and aliquots of frac- 

tions 13-28 were analysed on a (0.8% 

agarose gel, using EcoRI-digested A 

DNA (M) as size markers. Also present 

on the gel was Eco-Rl-digested [F2 

DNA which had not been fractionated 

on a sucrose gradient (Tot). The DNA 

was visualized by ethidium bromide 

staining. Charon 4A DNA" was diges- 

ted with EcoRI and the left- and right- 

hand fragments (19.8 and 10.8 kilo- 





Charon 4A arms 


bases) were purified on sucrose 
gradients as described above. About 





4 ug of these Charon 4A ‘arms’ were ligation 

ligated to 4yug of fraction 22 of the 

FcoRI-digested fractionated [F2 in vitro packaging 
DNA (above), and the resulting DNA 

was packaged into phage particles in 

vitro** **. The packaged DNA was used 200000 plaques 

to transfect F- coli strain 803 ee A 

sullsulll about 200,000 plaques t ampli ication 

were generated, The top agar contain- e = = 

ing these plaques is, scraped into | screening with cDNA pr obe 

culture media, and a phage stock was 

prepared’*. After this amplification Y M14 

process, about 400,000 plaques were 

screened by the Benton-Davis procedure*’. Hybridization to nick-translated py1/A5 was in 6*SSC (no dextran sulphate). Positively hybridizing plaques were 
repurified twice as individual plaques. Three resulting plaques which hybridized to py1/A5 were designated yM | yM5 and yM14 


event leading to the incorrect splicing of the V-region exon to and 400,000 plaques screened. Three clones which hybridized 

the hinge exon. To investigate these two alternatives, we have to the cDNA clone were purified and grown in bulk for analysis. 

studied the structure of the IF2 DNA. The three clones seemed to be similar, in that their restriction 
The y1 genes of IF2 cells and of the clone P3-X63 from the patterns after EcoRI digestion were identical (not shown). One 

parental cell line were compared by the Southern filter hybri- (yM14) was analysed extensively. 

dization technique, using as a probe the cloned IF2 heavy-chain A restriction map of yM14 was constructed using single and 


cDNA\*. Two fragments hybridize to the cDNA probe in EcoRI- double digests with EcoRI, BamHI, HindIII, Xbal and Kpnl 
digested P3-X63 DNA: a 6.8-kilobase fragment which contains (Fig. 2a). The IF2 DNA insert includes four EcoRI fragments. 


the y1 wild-type constant-region coding sequences”, and a Therefore, the yM14 clone seems to be a product of partial 
20-kilobase fragment which has been assigned to the y2a coding EcoRI digestion, in spite of the fact that the IF2 DNA was 
sequences’’ (Fig. 1a). In addition to these fragments, the cDNA apparently digested to completion, as shown by the digestion of 
clone hybridizes to more fragments in EcoRI-digested IF2 an internal control phage A DNA. We have isolated an 
DNA, a 15-kilobase fragment and weakly to a 6-kilobase independent, but identical clone by a second EcoRI digestion of 
fragment (which we designate the 6.0 RI fragment). We have IF2 DNA and screening of Charon 4A clones prepared from 
partially purified the 15-kilobase fragment by sucrose gradient unfractionated IF2 DNA. Thus, it is very unlikely that the four 
fractionation after EcoRI digestion (Fig. 1b). The enriched EcoRI fragments came together by random re-ligation. 

fraction was ligated into the A vector Charon 4A (ref. 12) and Southern hybridization analysis showed that the IF2 heavy- 


packaged in vitro, and about 200,000 plaques were amplified chain cDNA hybridized to the 6.0 RI fragment and to two Pstl 
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fragments of about 1.8 and 1.6. kilobases from M14 a 
= extensive restriction enzyme and Southern hybridization 
l ‘(which will be discussed below) located the two PstI 


ee within the 6.0 RI fragment (Fig. 25). These two PstI. f 
fragments were isolated and partially sequenced by a combina- ~ ` 


tion of the dideoxy method on phage M13 subclones” and the 


: ‘Maxam-Gilbert method on a pBR322 subclone’? (see Fig. 25 
legend). These sequences demonstrated that the two PstI frag- Bg 
_ ments contained:the y1 hinge, CH2 and CH3 coding sequences 


and appropriate introns arranged as shown in Fig. 2b. Partof 
these sequences, including the hinge exon and about 80 nucleo- 


tides to the. left of the-hinge exon (that is, in the intervening - 


' sequence towards the. V region), are shown in Fig. 2c. The 


, Cy1 gene”? throughoy 


sequence derivéd from the’yM14 clone agrees with that of the 


> Afor G discrepancy): Forty-six nucleotides into the intervening 
~ sequence, the.two sequences diverge completely. 


Ps 


r 


‘ between the CH1'and hinge exons. To determine the extent of » 
' .this change, we have constructed a detailed restriction map of 
’ the IF2 y1 gene and compared this with the published restriction 
. „sites in the normal yT gene”? As expected from the sequences 


4 


_. The nucledtide sequences presented in Fig. 2c adoune - 
5 have completed. (Fig. 2b) demonstrate ‘that, the yM14 recom- - 
` binant’ clone, contains yi coding sequences. They also indicate 


that the y1 gene included in yM14, when compared with the 
parental y1 gene, has been altered in the intervening sequence 


denned above, the. oraid sites Sop Fig- 3a. ‘and b) > 


, ragmen 
to a ‘SORI fragment’) 
hybridired to the py1/A5 
‘ probe. The yM14 clone a a PE ae 
‘product of partal “EooRI''..0° 2 | u 
eve ra Onin aaa i 
-amount of the 6.0 RI frag-.,.i . |; 
., ment {total digeshon product)” | . i. 
cam be seen m Southern ae p'a 
oe ee ‘ 
a ‘EeooRI];, K, . 
, BamHI; X, soe, He, nt he ne Shue ia 
. b, Sequenchig Two. ic)? a N oe 
| Prl fragments from’ M14" } oo 
. (about.1 8 and'1.6 kilobases) : - E ee Doe as es 
hybridized to py1/AS ma (Č ACTCAMCTTACCCTAČCITTATCCTOGT; 
* Southern ‘filter’ hybridization, ` O e. 
{not . shown). ` 7 


. 1.8- 


l and an amber mutation (G. 
iby ae (i aa sequenced are shown m | 
t done. A 1,200-base | Hac ene to ila Ca p TEA s 


“804-805 wo find throe Cs rather thah two?°- 
* three Cs rather than two!, reskdue-1;754. 
aag ere: The pie Tare concorgang with a pues 





t the hinge exon and for the first 46 — 
nucleotides to the left of thé hinge coding sequence (with a single . l 
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lying to lbe right of the hinge correspond to those previously 
mapped in the wild-type gene”!°. On the other hand, those to 
the left do not  Correspond at all to the sites to the left of the hinge 


ip the-y1 gene. In particular, the enzyme sites for BamHI, Xbal, 


Sac] and Hitl, which cut in the y1 CH1 exon, or just to its left, 
are missing OT ‘altered. These differences correlate with the loss 


of CH1 from the IF2 heavy chain’. The restriction mapping data : 


indicate that a deletion removes the whole of the CH1 exon, at 
leait 3. kilobases of the intron to its left, and 0.3 (85%) of the 


intron to its right. | ~~ 


. The V région of P3 cells aa iF2 ‘cells are identical’. There- 


“fore, -thé IF2 deletion must begin in‘the V-CH1 intervening 
~ gequénce (after the V-region exon). The deletion results in the 
. direct splicing of the V exon to the hinge exon. Insofar as can be 


estimated by gross yields of mRNA’, the IF2 cell splices the V 
exon to the hinge exon as efficiently as P3 cells splice V to CH1 
and CH1 to the hinge. Thus, only the linear order of exons seems 


.- ‘to determine which exons are joined together, as has been 


suggested by the sequences of junction regions. These results 
argue against a multiplicity of splicirig enzymes, for the splicing 


.’ machinery seems to be able to join any exon-intron boundary to 


any intron—exon boundary. As the same V region can be spliced 
with different C regions (the class switch), the argument of a 


single enzyme specificity applies to all heavy chains. 
The fact that 85% of the CH1-hinge intron and at least 5 


“ kilobases (see below) of the V-CH1 intron have been deleted 


without affecting splicing capability provides evidence against 


- the importance of internal intron sequences in splicing. This also 
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prepated by electrophoresis m a 6% EEE T E PE N au V EE E E E 
“sodium acetate, 0.5% SDS and 0.1 mM EDTA ‘three times for 244 cach: The DNA was 


with the addition of 20 ug yeast tRNA, end ethanol. The 


kilobese fragment, h referred to as the‘ Sag shard thames oe 48); propagation cared out in the dusabled E. 
eae: fine edine a ah prc a br 


andea MIS DNA Ge bbw 49), The 18 ang 
DNA (sed below and ref. 49). The 1.8- and 


iow, The ap boron e age tS Cathe CO co aad pot 


published “y 
aena AA oa ted, o: 
residues 809-811 , we find four Cs rather than three’? residus 828, ‘we find C rather than'A'®, reduces 843-844, we find 
We find T rather than C°, resktue’ 1,821, we find rather than G!° 


a 
r + a 


sequences from newborn mouse DNA?° and from the MOPC 21 
reaxdues 800-801, we find three Ts rather than two’; residues 


d; The sequence of ths y1 germ-line gone” near tka ' 
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introduces severe constraints on models implicating secondary 
structure of introns in splicing events, and highlights the 
importance of intron sequences near the splicing points'*”’*. 


The IF2 deletion and human HCD proteins 


IF2 is analogous to HCD proteins where the deletion involves a 
single exon”. In other HCD proteins, deletions involve part or 
all of the V region in addition to the CH1 domain’. The amino 
terminus of HCD proteins may or may not be recognizable as V 
region. Still other HCD protein deletions do not involve the 
V-C junction at all; in some cases, only the hinge is deleted, in 
others CH3 is apparently missing’. The HCD proteins are thus a 
heterogeneous group, and are probably the result of several 
different types of mutation. Some are likely to be the result of 
nonsense mutations'’, and mutations in RNA splicing signals 
have been hypothesized to be involved in HCD protein vari- 
ants”. We have shown that one such protein, the IF2 heavy 
chain, i is the result of a DNA deletion. Below we propose that 
others, especially those centering on the V-C junction, will also 
reflect deletions at the gene level. Many of these deletions may 
result from errors in the recognition of class switch signals. 


The heavy-chain switch | 

Early in the immune response, the dominant heavy-chain class is 
u; later the dominant class becomes y or perhaps a. This switch 
pattern in whole animals can. also be demonstrated in single cells 
or in clones of single cells, although the exact sequence and 
restrictions of the class switch are somewhat controversial?” 
It is now believed that the molecular events in commitment to a 
single VH gene and in the class:switch are as follows: a single VH 
gene is first expressed by an integration event to a putative JH 
fragment associated with Cu (ref. 24), an event analogous to the 
one observed in the joining of VL and JL in light chains’**, for 
the putative signal sequences adjacent to VH genes are 
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Hine I] 


Nature Vol. 286 14 August 1980 





Fig. 3. Restriction. maps of various 
DNA segments associated with mouse 
heavy-chain genes. The restriction maps 
shown are the wild-type P3 y1 gene?!” 
(a), the IF2 mutant y1 gene (4), a seg- 
ment of the Cu gene?*° (e) and the a 
gene of M603 myeloma cells** (d). The 
restriction map of the IF? y1. gene was 
constructed from Southern filter hybri- 
dization data of digests of yM14 DNA, 
and from restriction analysis of the iso- 

- lated 6.0 RI fragment. The a gene from 

M602 cells is known to have introns; 
we do not show them in d. e Shows 
the region in which the switch leading 
to the M603 @ gene took place (the S 

segment). 
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homologous to those in VL genes”. This leads to VHCu 
expression. The class switch requires a second, different form of 
rearrangement, involving a different segment of DNA believed 
to lie in the intervening sequence between VH and Cy (refs 11, 
24, 30). Recent hybridization analysis of DNA from cells mak- 
ing various classes of heavy chains'" 3132 support the hypothesis 
proposed by Honjo and Kataoka”? that the class switch occurs 
by deletion events involving the exons and introns of all CH 
genes between the expressed V region and the new CH gene to 
be expressed. 

Davis and colleagues** have presented evidence that in an a 
myeloma about half of the intron between VH and Ca is derived 
from the germ-line u gene; the other half is derived from the 
germ-line Ca gene. The position of this sequence change occurs 
between the sites labelled PstI* and PstI” in Fig. 3c, d, as PstI” 
and all sites to the left are found in the Cu gene, whereas PstI” 
and all sites to the right of PstI” are found in the germ-line Ca 
gene”. A similar situation has been described in an expressed 
yl gene”. In both cases, the switch seems to have taken place 
within the DNA segment designated S in Fig. 3e. It is reasonable 
to suggest this region as being crucial in the heavy-chain switch. 


The S segment in yM14 DNA | 


The restriction map of the IF2 gene to the left of the deletion 
boundary (Fig. 3b) corresponds to a part of the germ-line Cu 
gene and the homologous part of the expressed a M603 gene 
(Fig. 3c, d). In other words, the intron fragment of the Cu 
germ-line gene which is retained during the deletion leading to 
the class switch is part of the yMi4 DNA we have cloned. We 
were therefore in a position to study the sequences which may be 
involved in the heavy-chain switch. 

Part of the yM14 sequence which contains the ‘S segment’ is 
shown in Fig. 4. Immediately at the site of the IF2 deletion (at 
the bottom of Fig. 4), tandemly repeated homologous sequences 
begin. The repeat unit is 49 base pairs long and is repeated 
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10 1/3 times. No two of the repeated sequences are identical, 
varying from each other by 1 to 14 residues. This set is preceded 
by 11 unrelated nucleotides and then by a second set of repeats 
of a basic unit beginning with GGGGT followed by two to four 
GAGCT pentanucleotides. Towards the left (the V region), 
the repeat drifts away from the basic unit and the number of 
GAGCT subunits becomes more variable. There is a total 
of about 38 repeats of such elements with an average content of 
two to three GAGCT subunits. The divergence is such that no 
significant homology is retained within 100 bases of PstI". 

In a general sense, tandemly repeated sequences would be 
ideal for promotion of DNA deletions like those that take place 
in the heavy-chain switch. A simple hypothesis could then be 
that each heavy-chain C gene is preceded by homologous S 
segments containing tandemly repeated units. Recombination 
by pairing between the repeats (for example, from a u gene and 
a y gene) would result in deletion of all the sequences between 


them. This hypothesis predicts (1) the presence of at least one S 
segment for.each C region in the germ line, and (2) the loss of 
one germ-line S segment for each CH gene lost during a 
switching event. To test this hypothesis we have used the 1.8 Pst 
fragment, which also contains the y1 hinge and CH2 coding 
Sequences, as a probe for the S segment in EcoRI-digested 
kidney and myeloma DNAs (Fig. 5). The EcoRI fragments 
containing the y2a (ref. 11), y2b (ref. 34) and y1 (refs 9, 10) 
coding sequences, which hybridize to the y1 coding sequences in 
1.8 Pst, are detected in kidney DNA (slot 6). In addition, at least 
five EcoRI fragments from kidney DNA hybridize to the 1.8 Pst 
fragment (bands a, b, d, e, f) but not to the y1 coding sequences 
(results not shown, see also ref. 9). This result agrees with pre- 
diction (1) of multiple germ-line S segments. In agreement with 
prediction (2), at least three of these fragments are lost as one 


` follows the expression òf heavy chains These are b, a and d as 


one follows the expected progression kidney-p-y1-y2b-y2a-a@ 


70 AGACTCATAAAGTIGCTGAGTCAAAATTAAGGGAACAAGGTIGACAGCCCTACTHAGCGAGCC PCV AAAA 


140 AGCATGGCTTGAGCTGAGA TGGOTGGGCTICTCTGAGOSCTTCTAAAMC CGC MAAC TGAGGTOATTAC 
210 TOTGRCETAAGCTAAACCTOCOCTTGAGCCAMAATGAAGTAGACTGTAA GAA CTUGAA'SCAGCTGCGCC 


280 COTAAGCTAAAGTACGCTCCCTEAACCGAGATGAGCCAAACTOGAATCAAC SPUATTAATCTAGOTTGAA 


-350 TAGACCTAAAACTCTACTGCCTACACTCGACTOTTCTGAGCTCAGATGAGCT 


Fig. 4 Tandemly repeated sequences near the site of the 
TF 2 deletion. The numbers indicate the distance in base pairs 
from PstI" (Figs 26, 3) In rendues 70-401, the underlined 
nucleotides show homology (80% or more) to the 
pentanucleotide GAGCT In residues 402-511, there is a 
repetitive pattern begmning with GGGGT followed by one 
to five GAGCTs, or some close derivatrve of if These 
patterns can be seen on the upper half of sequencing gals; we 
estimate that the pattern i repeated 24 more tmas (ren-" 
does 511-850). In residues 850-1,029, this repetitive unt 
hes become more or less exact, except for variabons in the 
number of GAGCT pentanuckeotides To emphamre the 
more exact repeat unit, rendues 850-1,029 are enclosed by 
dotted lines, and sold lines indwate concordance with the 
sequence at the top hne of the box After a short sequence 
(reduces 1,030-1,040), a new tandem repeat appears, 
extending from reaxives 1,041 to 1,545 (the nte of the [F2 
deletion), Again, the repeated sequences are onclosed 
within dotted lines and solid lines Indicate concordance with 
the sequence at the top line of the box. The repeated units in 
remducs 402-1,040 and those in residues 1,041-1,545 are 
apparently unrelated. These sequences were determined as 
described in Fig. 2. As the seqoence from reasducs 444 to 
1,040 was determmed on one DNA strand only, we judge it 
to be 95% accurate 














402 GGGCTGAGCTCACCTATCCPACCCTOTOTT 
432 CGCGTCAGOTCATOTCAGCTIGACTCACC? 
462 AGOGTCACCTGGACTGACCT 

482 CGGGTCAGCTGAGCTGAGCP 

502 GGGGTAAGCT 


(This type of pettern ıs repeated or. 24 more tines) 
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Fig. § Arrangement and rearrangement of tandemly repeated and asso- 
ciated sequences in DNA from myelomas secreting various classes of 
immunoglobulin. DNAs from kidney cells and various myelomas were 
digested with EcoRI and analysed by the Southern filter hybridization 
technique’'. Hybridization to py1/IF2P.1.8 was in 6xSSC (no dextran 
sulphate), Slot 1, MOPC 315 DNA (a heavy-chain producer}, slot 2, P1 
DNA (y2a heavy-chain producer); slot 3, MPC 11 DNA (y2b heavy-chain 
producer); slot 4, IF2 DNA (y1 mutant heavy-chain producer); slot 5, X63 
DNA (y1 heavy-chain producer); slot 6, kidney DNA; slot 7, MOPC 104E 
DNA {u heavy-chain producer); slot 8, NSH/1 DNA (yi heavy-chain 
producer; the NSII/1 heavy chain is smaller than the parental X63 y1 heavy 
chain; the nature of the defect is not known”. All DNAs were prepared from 
tissue culture cells except for 104E (slot 7) which was from ascites cells. 
Infiltration by lymphoid and non-lymphoid tissue could account for minor 
contaminants. Bands labelled yl, y2b and y2a contain coding sequences 
which cross-hybridize to the cDNA clone py/ A5 (see also ref. 11). 

Note that in the y2b producer (slot 3), the y2b band has, albeit slightly, 
shifted position. The switch to y2b production deletes the yi genet, 
The y2b sequences may be rearranged to give an EcoRI fragment of a 
slightly different size. This band and all others in the y2b/yi position are 
different from band z present in the y2a producer (slot 2). Band z does not 
hybridize to the yl cDNA sequences (data not shown); we presume that this 

contains the rearranged S segment. 


(refs 11, 30-32). In addition, for most of the myelomas tested, 
new fragments hybridizing to the noncoding part of the 1.8 Pst 
probe can be identified (bands u, v, y and z). This is presumably 
the result of sequence rearrangement in the environment of S 
segments during the switch. To describe it schematically, let us 
take the sequence A-B-C-B-D-B-E. Deletion of B-C would 
yield A-B-D-B-E, and would involve a change in two fragments 
containing B. A-B-C and C-B-D are lost, D-B-E is retained, 
and a new fragment, A-B-D, is formed. Specifically, we suggest 
that bands u, v, y and z are the rearranged forms of S present 
when u, yl, y2b and y2a (respectively) are expressed. We have 
not rigorously shown that u and v are different, but we have 
shown that the z component of y2a and y2b are indeed different. 
The latter cross-hybridizes with the yl coding sequences 
whereas the former does not (results not shown, see also ref. 9). 
This highlights the shortcomings of this type of analysis. Frag- 
ments may exist which are not detected (too large or too small) 
or are hidden under Sther hybridizing fragments. For example, 
we have no good candidates for the Cy3 and Ca germ-line S 
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Fig.6 a, Generation of the IF2 mutant. The hypothesized structures of P3 
yi gene and of IF2 yi gene are shown, with coding sequences in darkened 
boxes and the S segment in a zig-zag line. The dotted lines denote the extent 
of the IF2 deletion, which could begin in the S segment or at its right end, b, A 
putative hairpin loop at the site of the IF2 deletion. The left-hand side of this 


structure below the circled A was constructed using the sequence of the IF2 


gene to the left of the deletion (Fig. 4, residues 1,525-1,543). The left-hand 
side above the circled A was constructed from the consensus sequence of 
the 49-base tandem repeat (which is represented by residues 1,054-1,073, 
Fig. 4). The right-hand side comes from the Cy1 sequence'” near the site 
of the IF2 deletion (see also Fig. 2d). Ligation of the circled A and G 
would result in the sequence at the site of the deletion in the IF2 gene (Fig. 2) 
and deletion of the sequences above these two residues. G + T base pairs are 
shown by an asterisk; in the other DNA strand (not shown) these would be 
unpaired A +C. 
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segments. On 
example, ban 
germ-line fragn 
ment, but not 
producer. These fragments may correspond to the other heavy 
chains £ and/or ô, to a hitherto unidentified heavy chain, 
or to repeats of a similar sequence unrelated to immuno- 
globulins, © `; 

From the experiment shown in Fig. 5, the 1 minimium size of 
the IF2 deletion can be calculated. IF2 DNA (slot 4) shows two 
new bands. dw, and lacks the rearranged band v. Band x is 
the product of partial EcoRI digestion we have cloned. 
Presumably, the IF2 deletion resulted in fusion of band v and the 
y1 coding sequence ‘to yield band w (the 6.0 RI fragment). 
Thus, the size of the IF2 deletion is 5.5 kilobases [6.8 kilobases 
(y1 coding seq ces) +4.7 kilobases (band v)—6.0 kilobases 
(band w)], asssuming no EcoRI fragments between band v and 

the fragment containing the yi coding sequences. 

We would like to argue that the signals for the class switch are 





3) for which we find no good explanation. Two 





















based on the tandem repeats described above. As we have . 


discussed, the switch occurs in or near the S fragment, which is 
mostly composed of these tandem repeats. Further evidence for 
involvement of the tandem repeats is provided by a comparison 
of the work of Kataoka et al.” and the one described here. 
Based on the restriction maps shown in Fig. 3, one can locate in 
their.work an S segment which included the putative switch 
point. A close inspection of their sequence shows the presence of 
four sequential pseudo-repeats homologous to the 49-base pair 
repeat shown in Fig. 4 (starting 14 residues from the putative 
switch point). Preceding these sequences is a long sequence 
about 10% of which is GAGCT. 

The difference between the sequences described by us and 
those described by Katoaka et al.” could have trivial sources, 
such as drift during tumour propagation. The difference could be 
a consequence of the deletion which gave rise to IF2. We prefer 
a third alternative, which is that these differences are a 
consequence of the switch process itself. The precise point of the 
switch could vary along the extended tandemly repeated 
sequences in both the donor gene (for example, 4) and the 
acceptor gene (for example, y)***°. Therefore, two rearranged 
y1 genes could have different S sequences, depending on how 
the donor and acceptor S sequences aligned, and where the 
recombinational event took place. Also, the S sequences in y1 
genes might vary depending on whether or not the V regions 
went through a VH-Cy3 intermediate. 

HCD proteins in general, and IF2 in particular, have been 
implicated. with: DNA rearrangements for several years. 
Specifically, it has been proposed that signals for DNA 

rearrangements were duplicated along with primordial CH 
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signals preceding each CH gene retained their function while 
those between CH domains drifted. Some HCD deletions could 


result from the illegitimate use of the ancestral homologue 


within a single CH gene, as opposed to legitimate use of switch 


‘signals between CH genes. 


With this in mind, we searched for homology between $- 
segment sequences, which we believe to be the switch signals, 
and sequences in the normal y1 gene”. This search resulted in 
a hairpin loop structure at the site of the deletion (Fig. 6). This 
hypothetical structure was formed between a consensus 
sequence of the 49-base repeat and the sequence of the yl 
germ-line gene at the site of the deletion. The sequence of the 
IF2 y1 gene at the deletion results from the ligation of the 
circled A and G (see also Fig. 2c). The sequences above these 
two residues would represent the deletion. Such hairpin loop 
structures can only be speculative. The free energy of the 
structure shown in Fig. 6b is +3.4 kcal mol`? (refs 36, 37), 
corresponding to a melting temperature of 30°C. This value can 
be compared with those of similar structures. For example, the 
proposed hairpin structure for « V-J joining’”** has a free 
energy of about —19 kcal mol? (T,,= 67 °C). Obviously, 5 
low frequency event such as a mutation, one expects relatively 
unstable structures. | 

In conclusion, we suggest that the deletion which gave rise to 
the IF2 mutant, and also the deletions for similar HCD pro- 
teins’, were the result of illegitimate use of switch signals. 
Whether the proposed hairpin loop formation, or other 
mechanisms such as sister chromatic exchange™, represent a 
model for the physiological switch remains to be seen. 

We thank A. R. MacLeod for DNA ligase, G. Winter for the 
M13mpz2 vector containing the BamHI site and amber muta- 
tion, F. Blattner for phage Charon 4A, and $. Brenner for the 
bacterial strain MRC-1. W.D. was a fellow of the Jane Coffin 
Childs Memorial Fund, and this work was supported in part by a 
grant from that fund. 

After submission of our article, we received a copy of manu- 
script by Sakano ef al. (see accompanying article”). Our 
sequence (Fig. 4) up to residue 448 is identical (except for nine 
bases) to their sequence of the germ-line Cu gene between 
residues 1,114 and 1,490. After residue 448, however, the two 
sequences differ drastically. It seems, therefore, that in the P3 
lineage the switch from the Cy gene occurred to the right of this 
point. Apparently, in the three cases so far described, the switch 
has taken place at three different sites. Furthermore, tandemly 
repeated units in the sequences of Sakano et al., Kataoka et al. 
and ourselves are in the same polarity, implicating homologous 
pairing rather than hairpin loop formation in the DNA exchange 
mechanism associated with the switch. 
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At least two types of somatic recombination are necessary for the generation ofa complete imunoglobulin y2b gene from 
germ-line DNA sequences. The first type of recombination consists of the assembly of three separate DNA segments, each 
encoding a different part of the variable region. The second type of recombination replaces the exons coding for the constant 
region of the u chain with those coding for the same region of the y25: chain. The DNA sequencing, studies suggest that the 


two types of recombination operate by different mechanisms. 


COMPLETE, active immunoglobulin genes are created by 
somatic recombination that occurs during the differentiation of 
lymphocyte precursor cells’. The organization of the gene 
sequences before and after somatic recombination has been 
studied extensively for both à- and x-type light chains in the 
mouse*!°, These studies established that in the embryonic 
genome, the major portion of the conventionally defined vari- 
able (V) region is encoded in a DNA segment (V DNA) that is 
located some distance away from a DNA segment (J DNA) 
coding for the rest of the V region. The J DNA segment has been 
mapped a few kilobases upstream of (that is, 5' side, with respect 
to the direction of transcription) the single-copy DNA segment 
(C DNA) coding for the constant (C) region. In the myeloma 
cells in which the light-chain gene in question is active, the V 
DNA segment and the J DNA segment are contiguous as a 
consequence of a recombination that” apparently accompanies 
deletion of the DNA sequence between the V and J 
DNA segments in the germ-line genome’. The entire region of 
the chromosome containing the V DNA segment, J DNA 
segment, J-C intron and C DNA segment is transcribed into a 
single RNA molecule from which a mature messenger RNA is 
generated by RNA splicing'*'*. The V-J joining step is con- 
sidered to be a key event in the activation of the immuno- 
globulin gene. It may also contribute to the increase of the 
organism’s ars aed to synthesize a large number of different 
antibodies” 

As the heavy-chain polypeptide is also composed of a V and C 
region, one might assume that what has been established at the 
DNA level for the light chains would also be true for heavy 
chains. However, the expression of heavy chains has some 
features which make it considerably more complex than that of 
light chains. For instance, unlike the light chains, there are in the 
mouse at least eight different C regions, each of which seems to 
share the same set of V regions, that is, a-given V gene can be 
expreased with more than one heavy-chain class or subclass. In 
addition, it seems that, as the lymphocytes differentiate, the C 
region of the heavy chain synthesized switches from one class to 
another without alteration of the V region’*"*. 

Recently, we repotted on the structure of the complete y2b 
gone isolated from a myeloma, MOPC141, an IgG2b secretor’’. 
These studies showed that, unlike the light-chain genes, at least 
two recombinations are necessary to generate the heavy-chain 


gene. One of them occurs at or near the 3’ end of the V DNA 


segment and in the vicinity of the J DNA segment. In contrast to 
the light-chain genes, where the J DNA segments are located in 


the 5’-flanking regions of their respective C genes, in the heavy-. 


chain gene system the J DNA used for the MOPC141 2b gene 
does not lie in the 5’-flanking region of the germ-line Cy2b gene, 


but is located in the 5’-flanking region of the germ-line Cy. gene. 
This recombination between V DNA and J DNA near the Cu 
gene probably allowed the 31 gene to be activated in the pre- 
cursor B cells to MOPC141 myeloma. The second recom- 
bination occurs between a pair of sites, one located between the. 
J DNA segment and the Cu'gene and the other in the 5’-flanking 
sequence of the Cy2b gene, and replaces the Cu.-toding exons 
with the Cy2b exons. This recombination is referred to as ‘switch 
recombination’, for it seems. to be a' key event preceding the 
heavy-chain switch. A similar gene structure was also observed 
for a complete a-chain gene?” and for a yi-chain gene’: 

We report here on the two types of recombination, studied by 
DNA sequencing. The sequences around the V-J joining and 
the ‘switch recombination sites have different features, sugges- 
ting that at.least two distinct enzyme systems are involved in the 
generation of the active immunoglobulin y2b gene. In addition, 
sequence analysis of the V DNA.of MOPC141 and its germ-line 
components, the embryonic V DNA and J DNA, revealed that 
the third hypervariable region is encoded in a separate DNA 
segment(s) in the germ-line genome. 

Mouse DNA inserts in the DNA clones med in this iadya are 
listed in Fig. 1. The homology among these DNA fragments has 
been determined by heteroduplex analysis and restriction 
enżyme mapping. The coding regions were mapped by R-loop 


‘analysis using mRNAs from MOPC141 (y2b) or MOPC1ME 


(u). Isolation and electron microscopic characterization of 
clones M141-P21 (complete y2b), MEP203 (embryonic J plus 
Cu) and MEP3 (embryonic Cy2b) have been described else- 
where’®. The isolation of the embryonic ae clone, PJ14, is 
described’ below. 


Identification of J DNA for MOPC141 . 

We have previously identified the putative V-J joining site on 
the complete y2b gene clone (M141—P21) and on an embryonic 
Cp gene clone (MEP203) by heteroduplex analysis and R-loop 
mapping’. The electron microscopic studies indicated that the 
putative J DNA for the MOPC141 heavy-chain gene lies 
3.6 kilobases 5’ to the Cy2b gene on M141-P21 and 5 kilobases 
5’ to the Cu gene on MEP203. To analyse the structural features 
of heavy-chain V-J joining sites, we determined the nucleotide 
sequences of the appropriate regions of M1i41-P21 and 
MEP7203. Although the amino acid sequence of the MOPC141 
heavy chain is‘ unknown, identification of the J DNA segment 
coding for this chain was possible because J-peptide sequences 
are highly conserved. As shown in Fig. 2, M141-P21 carries a 
DNA sequence in the vicinity of the putative V—J joining sites 
which can encode a peptide that'is identical to the J peptides of 
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Fig. 1 Mouse DNA inserts in the clones used in the study. 
Embryonic Vagiai gene clone PJ14 (a), embryonic Cy2b gene 
clone MEP3 (b), complete y2b gene clone M141-P21 (abbreviated 
to M141) (c) and embryonic Cp gene clone MEP203 (d) are 
shown. Arrows indicate EcoRI cleavage sites. Filled boxes are 
exons identified by R-loop mapping. The regions of homology 
among the four DNA: clones as determined by heteroduplex 
analysis are indicated by bars of different types of shading. 


MOPC21 and MOPC173 heavy chains (see Table 1). We also 
analysed the MEP203 insert to determine whether the same J 
DNA segment is present in the expected position. Our previous 
study on clones MEP203 and M141-P21 suggested that the 
Jus: DNA segment and the sequence that follows this segment 
are derived from a region S’ to the Cp gene. In fact, the sequence 


of MEP203 showed that the J DNA segment and its 3' non- — 
coding sequence found on M141-P21 are also present in the © 


region about 5 kilobases 5‘ to the Cu gene on MEP203 (Fig. 2). 
Comparison of these two Jm, DNA sequences, one on M141- 
P21 and the other on MEP203, indicates that the germ-line 
Jmia1 DNA can encode the M141 J peptide starting with the 
second nucleotide of the Leu codon at position 112. 

In y2b heavy-chain peptides, the boundary of V and C regions 
has been thought to be around Ala 126 (ref. 22). The Juis; DNA 
segment can fully encode Ser 125, but only partially Ala 126. 
We found a triplet, GGT, instead of the Ala codon GCN. 
Because, in almost all cases studied thus far, an intron starts with 
the doublet GT (ref. 23), we tentatively conclude that the coding 
of the Juiaa: DNA ends with the first letter G in the triplet GGT. 


Four heavy-chain J DNA segments around 
§ kilobases 5’ to the germ-line Cy gene 


Previous studies showed that most, if not all, x-light-chain J 
DNAs are tightly linked”’*. To examine whether the same 
applies to the heavy-chain J DNA segments, we isolated DNA 
` clones containing the rearranged V gene from myelomas 
MOPC603, MOPC315, HOPC8 and MOPC173 and analysed 
the heteroduplexes formed between each of these DNA clones 
-and the embryonic p DNA clone MEP203. It is expected that 
the divergency point observed on a Y-shaped heteroduplex 
molecule corresponds to the J DNA segment used for expres- 
sion in the respective myeloma cells. In this way, we mapped 
four different J DNA segments in the region 5’ to the Cu gene, at 
1.1 (MOPC173-II J), 1.6 (HOPC8-II J), 1.9 (MOPC315 J) and 
2.2 (MOPC603 J) kilobases, 5' to the EcoRI site located 
3.5 kilobases from Cu DNA on MEP203. As MEP203 carries a 
3-kilobase deletion at 1.5 kilobases 5' to the Cy gene (see 
below), the EcoRI site is 6.5 kilobases from the Cu gene on the 
mouse chromosome. Using .-chain mRNA from MOPC104E 
in R-loop analysis, we also identified the Juiose DNA segment at 
2.3 kilobases 5’ to the EcoRI site (data not shown). As the 
MOPC104E u chain and the MOPC603 a chain seem to have 
the same J peptide (Table 1), this J DNA segment is probably 
the same as that detected by heteroduplex analysis using the 
MOPC603-derived V-gene clone. 
Figures 3Aa and 4 show the restriction map and the DNA 
sequence of the 1.5-kilobase J-rich region, respectively. So far, 
22 heavy chains have been sequenced in the J-peptide regions. 








They can be classified into four different aroups Recordin i 


chains? 


begins with the residue at position —4 within the signal pe 








amino acid sequences of the J peptides (Table 1). Comparison of a 
these J-peptide sequences with the CNA sequence allowed 


~ identification of the corresponding four 3 DNA segments. These 


four segments can account for all keavy-chain J peptides 
sequenced so far (see Table 1) and, therefore, seem to encode 
the J peptides of all different classes or subclasses. We designate 
these J DNAs as Jin, Juz Jus and Jus. from 5’ towards 3’. No 
additional J-like DNA sequence has been observed in the 
1.5-kilobase region sequenced thus far. There is one unexpres- 
sed J DNA, J«3 (ref. 7), in a «-light-ckain gene, and there may 
also be some in the heavy-chain gene. 


Isolation of the germ-line V-gene clone 
for the MOPC141 heavy chain 


To determine the recombination site on the germ-line V gene, 
we attempted to identify and clone the EcoRI DNA fragment 
carrying the germ-line V gene for the} MOPC141 heavy chain. 
First, we analysed embryonic DNA ty Southern hybridization 
using the V DNA probe purified from M141-P21. This probe is 
a 257-base pair Avall—Hgal fragment’ encoding residues 9-94 
of the M141 heavy chain (Fig. 3A4}. In the EcoRI digest of 
mouse embryo DNA, about 10 hybridizable bands were detec- 
ted (data not shown). Detection of 5-10 bands by a single 
V- -gene „probe has previously been reported for both x _light 
and heavy chains***°. This is due to cross-hybridi: 

tion among a subset of germ-line V genes that have presumably. 
diverged more recently. As. the. leagth of the 5 oncoding 
region of the Vy gene on M141-P21 i is 6.5 kilobases, the size of 
the EcoRI fragment carrying the germ-line Vi DNA for the 
M141 heavy chain should be larger than 6.5 kilobases. We 
separated the EcoRI digest of embry nic DNA ona preparative 
agarose gel, eluted the DNA from the 6.5~23-kilobase region 
and used it for DNA cloning. Usirg the V- “region. probe, we 
isolated some 30 clones from 2 separate experiments. and 
classified them into 5 different types: according to the size of the 
EcoRI insert. Heteroduple i moleeules formed between the 
clones of each type and M141~P21,a complete y2b gene clone, 
were examined by electron microscopy: — 

Although the EcoRI inserts of these clottes were all hybridiz- 
able with the V-gene probe, only - che clones containing a 14- 
kilobase insert formed ‘ f -shaped nsteroduplex molecules with 
M141-P21, in which the homology extended from the 5’ EcoRI 
end toa site 6.9 kilobases away from it. R-loop analysis using the 
MOPC141 y2b mRNA indicated that the V-coding DNA seg- 




























~ ments map at or around the heterocuplex fork point. We further 


analysed one of these 14-kilobase clones, PJ14, by restriction 
mapping and DNA sequencing. Evidence that the 14-kilobase 


clone contains the germ-line V gene for the MOPC141 42b 


chain is obtained from restriction enzyme maps. The cleavage 
sites for BamHI, Kpnl, X: bal, Sacl and Hindili in the 3'- -flanking 
region of the V gene on. M141-P21 were all found at the 
corresponding positions on the embryonic V-gene clone, PJ14 
(data not shown). oe 





The third hypervariable region 
is encoded separately 

The DNA sequences around the V-coding regions of PI14 and — 
M141-P21 are shown in Fig. 2. The sequences include a 46-base 
pair exon presumably coding for tie hydrophobic signal peptide, 
an 81-base pair intron, the entire V-gene exon and the Y- 
flanking regions. As in all x- and A-chain genes studied so far 
(refs 4, 6, 8 and G. Heinrich, unpublished results), the V coding 
eptide. 





Also, as in the light-chain genes, the coding by the embryonic 
clone PJ14 ends prematurely with Ser 97, whereas that of the 
myeloma clone, as mentioned above, continues upto Ser125. In 
the 0.6-kilobase stretch of DNA starting with the HindIII site in 
the 5'-noncoding region and encing with the Ser 97 codon, the 
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- the method of Maxam add Gilbert”. The’ amino’acid.sequence of the complete MOPC141 V‘region predicted. by the nucleotide sequence of ` 

, - done M141 is shown in The amino acid sequences predicted by the germ-line X DNA segment in clone‘PJ14 and the J,.DNA segment in 
ciéne- MEP203 are . The nucleotide differehces observed between the two-clénes,M141 and PJ14, are shown by asterisks. Vertical.. 
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NA clones differ in 9 base pairs. Of these 
differences, € n the first and the second hypervariable 
(HV) regions r, limited, single-base differences have 
previously been- observed in the hypervariable regions of a 
germ-line V gene and its somatic variants for the light chains of 
both A and x types and were taken as direct evidence for somatic 
- diversification of antibody genes’. Three other differences may 
be a consequence of the similar somatic mechanism or may have 
occurred during the propagation of the myeloma cells. 

Figure 2 also shows the DNA sequence around the Jana: 
DNA segment of the embryonic clone MEP203. As described 
before, coding begins within the Leu 112 triplet and ends with 
the Ser 125 triplet. It thus seems that the 14-residue peptide 
comprising the third ypervariable region (HV3) beginning with 
ith Thr 111 is encoded in neither the 
the J DNA segment. This situation is in 
at-chain genes previously studied®*, in 
which no such. coding gap was observed. We suggest that the 
third hypervariable region of this heavy chain is encoded in one 
i segments (D DNA segments for ‘diver- 

sewhere in the germ-line genome. The V, D 
and J DNA segments must be assembled by recombination 
to generate the complete V gene present in the myeloma 
gols, o R 


sequences of t 
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Fig. 3 Restriction enzyme cleav- 
age maps of part of the mouse 
DNA inserts in clones MEP 203 
(Aa, Bc, Bd), MEP3 (Ba), M141- 
P21 (Ab, Bb) and PJ14 (Ac). 
Cleavage sites were determined by 
the end-labelling method of Smith 
and Birnstiel"”, by the separation 
of single and ‘double digests of 
DNA fragments “by various 
restriction enzymes, and/or by 
DNA sequence determination. 
Horizontal arrows indicate the 
extent and direction of sequence 
determination. The filled boxes are 
exons identified by R-loop. map- 
ping- and/or DNA . sequencing. 
» „Vertical line S in B indicates the 
< switch recombination sites for 
< MOPC141 | avy-chain genes, X 
and Y in Be are sequences similar 
= to the Sy(y2b) sequence. Four J 
DNA segments, J,, Jn, J; and Jy, 
were identified by heteroduplex . 
analysis of rearranged V-gene 
clones isolated from MOPC603.. - 
MOPC31I5, © HOPCS and 
MOPC173, respectively. The J 
DNA segment for MOPC104E a 
was. identified as J, by R-loop ne 
mapping with mRNA o | 
' MOPC104E. The region of clone 
“MEP203, composed of repetitions 
vof CTGAG or sequences closely ` 
related to it, is indicated by a 
broken line in Bc. bp, base pairs; 
kbp, kilobase pairs. 
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The exact joining ends of V and J DNA 
segments are unfixed 


Close examination of the amino acid sequences around the third 
hypervariable region and the nucleotide sequences around the 3’ 
end of the germ-line Vu gene and arcund the 5’ end of the Jy 
DNA segments suggest several interesting features of the DNA 
joining events. As previously suggested for the light-chain J 
DNA segments’'*"'*, the exact 5’ boundary of Jy DNA seg- 
ments seems to be unfixed (Table 1). For instance, in the case of 
Jus, the coding of the MOPC141 yzb chain begins with the 
second base of the Leu 112 triplet UUG as indicated in Fig. 2. In 
contrast, coding of the MOPC21 y1 chain and the MOPC173 
y2a chain by the same Ju, DNA segment seems to start with a 
Tyr triplet UAU and another Tyr triplet UAC, respectively, The 
first letters of the two Tyr triplets are 7 and 10 bases ahead (5° 
side) of the first base used for the ceding of the MOPC141 J 
region. Similar examples for Jig, Jin and Jus are indicated in Fig. 
4 and Table 1. 

The DNA sequence of the clone PJ14 demonstrated that 
coding by the germ-line Vya: gene ends with the second letter 
of the Ser 97 codon AGC (Fig. 2). As shown in Table 1, the 








amino acid sequences immediately preceding Ser 97 are hig H ly A 


conserved among various V regions. Particularly noteworthy i is 
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mies 4 a te E: Ja ? TepTyrPheaspvalTrpGl yAlacT yrhrrhrva! Thrva 1SerSer 
& tee SCCTTAAGGCAGGATATSG AGAGAGTTTTAL STATAGGAACAGAGGCAGAACAGAGACTGTECT 


S107 4603 M167 


TACT ICGATGTCTGSGGCGCAGGGACCACGGTCACCGTTTCCTCA GGTA 1 20 


Te ACR PTICCATTCTGAAACGGGAAAAGATATTCTCAGATCTCCCCATGTCAGGCCATCTGCCACACTCTGCATSCTGCAGAAGCTTTTCTGTAAGGA TAGG 240 


Gter TACT T A aC TAGCTGCCTGTGGAAC AGTGACAATCATGGAAAATAGGCATTTACATTGTTAGGCTACATGGGTAGATGGGTTTTTGTACAC CCAC 360 . 





po r i 2i ir yrPhea spyrtrpGl yGlnGlyThrThrLeuThrvValSerSer 
TRAAGGGGTCT PATGATAGTS TGACT AQTTTS. ACTACTGGGGCCAAGGCACCACTCTCACAG TOTCOTCAGGTGAGTCCTTAAAACCTCTCTCTICTATTCAGCTTAGATAGATTTTACTG 480 


M315 





DSTTG ba SGAAATGTOTGTATCTGAATTT CAGGTCATGAAGGACTAGGGACACCTT GGGAGTCAGAAAGGGTCATTGGGGGCCCTGGCTGACGCAGACAGACATCCTCAGCTCC 600 


CAG acoTeareced AGAGATTTATAGAGATCCTGGCCAGCATT GCCGCTAGGTCCCTCTCTTCTATGCTTTCTTPSTCCCTCACTGGCCTCCATCTGAGATAATCCTGGAGCCCTAGCCA 720 


l a J3 allatypPhekla TyrtrpGlyGlnGlyThrLleuValThrvalSeraAla 
AGGAT cMnsnFFERCAGAGOTCTAMEATTOTTONCAGANTETE TE GTTIGCTTA CTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAGGTGAGTCCTAACTTCTCCCATTCTAAA 840 


RE-I A4 7539 


TOGCATGTTOGGGOCATTCTGAC SCCTTC AGGACCAAGATTCTCTGCAAACGGGAATCAAGATTCAACCCCTTTGTCCCAAAGTTGAGACATGGGTCTGGGTCAGGGACTCTCTGCCTGCTG 960 


STCTGTGSTGATAT 


Bee Rare eet me gen er ete gee an ae greene awe ena 1080 


l TOGAT GG GTGACAATTECAGGGTCAG TGRCTGTCAGGTTTC TCTGAGGTGAGGCTGGAATATA SGTCACCTTGAAGACTAAAGAGGGGTCCAGGGGCTTTTCTGCACAGGCAGGGAAC:AGAA 1200 







COCACTATIGT 





Fig. 4 k N 


i X GA ATGGTIGATTCTTGTCT TACACCAACGAATTGGCATAATGTITGAGTTGCCCAAGGGTGATCTTAGCTAGACTCTGGGGTTTTTGTCGGGTACAGAGGAAAAA 1320 


ny: WliatetAspTyrTrpGlyGinGlyThrSerValThrvalSerSer 
à fis CTATGGACTACTGGGCTCAAGGAACCTCAGTCACCGTCTCCTCAGGTAAGAATGGCCTCTCCAGGTCTTTATTTTTAACCTTTGTTATGGAGTTYTCTG 1440 


lucleotide sequence of the 1.4-kilobase region of the embryonic clone MEP203 containing four Ju DNA segments. The sequencing 


>. Strategy: shown in Fig. 3Aa. The Jy DNA segments are referred to as J,, Jz, Ja and J, from 5‘ to 3’. The amino acid sequences encoded by these J 
DNA segments are shown in italics. The sequences closely related to the palindromic heptamer, CACTGTG, and present in front of every J DNA 





segment, aroun é 


: lined. The vertical lines indicate determined (solid lines) or predicted (broken lines) sites where coding by the J DNA segments 


begin i in the various heavy-chain genes present in the indicated myelomas. The sites were determined by comparing the J DNA sequences with | 

the sequences of the rearranged V DNA cloned from the respective myeloma. (See Fig. 2 for the M141 y2b chain gene. The others are based on 

unpublished sequence data.) We have identified, isolated and sequenced two rearranged V genes, one from HOPC8 and the other from 

MOPC173. The V regions encoded by these rearranged V genes are different from the published ones, and are therefore referred to as H8-II and 

M173-H. It is not cléar whether these V genes are part of the active heavy-chain genes of the respective myelomas. The putative sites for the 

heavy-chain genes of $107, M167, M315, A4, J539, M173 and M21 were deduced by comparing the J-peptide amino acid sequence of each 
-heavy chain with the DNA sequence of the corresponding J DNA segment (Table 1). 


the universal Cys at position 95. Tyr 93, Tyr 94, Ala 96 and Arg 
97 are also well conserved. We therefore believe that the coding 
by most, if not all, germ-line V genes ends in the immediate 
“vicinity of the 97th triplet. If. so, coding gaps of various lengths 
exist in the majority of th e cases listed in Table 1. As suggested 
above, these residues ı must be encoded elsewhere in the genome. 
The gaps in the he 
and A47N, are the shortest: only the first letter of Gly 98 is 
unaccounted for. Similarly, only several more bases are neces- 
sary to co code for the HV3 of the J558 a chain. Previous studies on 
x-chain genes indicated that the 3’ end of a given germ-line V 
gene may not be. precisely fixed and could shift within a range of 
several nucleotides’. If the same applies to the heavy-chain 
genes, the heavy chains with shorter HV3, such as those of A4, 
E109, U61 and J558, could be fully encoded by the respective 
germ-line V gene and the J DNA segment. It thus seems that in 
some cases. the germ- -line V DNA segment directly joins with the 
J DNA segment, as is the case in the light-chain genes, However, 
it is also possible that the assembly of the Vy always occurs in 
two steps, but that in some cases the D segments are very short 
oteve Papis to protein encoding at all. 
se, by modulation of the joining sites and by 
ons of these DNA segments, diversity could 
e third i Le aa repon: of heavy-chain 


















ermine genome is the same as in the 


the interv ning spacers. < 
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eavy chains of four myelomas, A4, E109, U61 


d Y genes, so that successive joining of the- 


Sequence characteristics around the 
V and J joining sites 


We have previously reported that the five Jx DNA segments and 
the one JA DNA segment are preceded by two blocks of short, 
conserved sequences: a palindromic hexamer interrupted by an 
AT base pair at the centre of symmetry, CACTGTG, and a 
nanomer, GGTTTTTIGT (ref. 7). Similar sequences are also 
present 5’ to all four Ju DNA segments, although deviation from 
the basic sequences seems to be slightly higher for the Ju 
segments than for the J, segments (Table 2). We also reported 
previously that germ-line Vx and VA DNA clones contain 
inverted complements of the nanomer and heptamer in the 
3'-noncoding regions. As shown in Fig. 2 and summarized in 
Table 2, the same or similar sequences are also present in the 
equivalent positions of the germ-line Vis; gene clone. Based on 
the fact that these sequences are highly conserved, we propose 
that they constitute recognition signals for the putative recom- 
binase. The finding of similar sequences near the heavy-chain 
gene DNA segments strengthens the validity of this hypothesis. 
In. the case of Jus two sequences, . CACAATG and 
CAATGTG, are closely related to the basic heptamer sequence, 
CACTGTG. Similarly, two sequences, TATTGTG and 
TACTATG, are present near the 5’ end of Jus (Fig. 4). In these 
cases it is not clear which of the two sequences constitutes part of 


_ the proposed recognition signal. 


The presence of the closely related conserved sequences in the 
corresponding positions of both light- and heavy-chain germ- 
line V genes and their J DNA segments suggests that all recom- 
bination events necessary for the generation of complete, 
somatic V genes are carried out by the same or a similar 
mechanism. We predict that the similar recognition sequences 
are also present on both sides of the D DNA segments. 
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An additional feature of the conserved signal sequences is the 
striking regularity in the length of the spacer between the 
heptamer and the nanomer. As summarized in Table 2, in 
almost all cases the spacers are 12 or 23 base pairs long. One 
exception is one of the two alternative cases of J,,4, where the 
spacer is 31 base pairs lon ng. Asa DNA double helix completes a 
turn every 10.4 base pairs”, the above indicates that the internal 
boundaries of the heptamer and the nanomer of a given DNA 
segment are orientated in nearly the same direction relative to 
the axis of the helix, regardless of the length of the spacer. The 
spacers of all Vx segments correspond to one turn, and those of 
VA, and VAjq to two turns. The spacer of V4: is two turns long. 
All Jx spacers are two turns whereas the JA, spacer is one turn. 
All spacers of the four Jy segments are two turns. The 31-base 
pair spacer, one of the two alternative spacers of Jiu, could be 
considered as an exceptional three turns. It should be 
emphasized that although the lengths of the spacers are conser- 
ved in a given type of gene segment, their sequences have 
diverged widely. 


A model of the joining enzymes 


The above mentioned features around the joining sites suggest 
some predictions about the nature of the recombinases. In both 
A and « light-chain V-J joinings, one partner in the recom- 
bination displays the heptamer and nanomer one turn of the 
helix apart from the recombinase, and the other displays these 
sequences two turns apart. We predict that the recombinase 
contains two DNA-binding proteins: one recognizing the 
heptamer and nanomer one turn apart, and the other recogniz- 
ing them two turns apart. As the two partners carry essentially 
identical recognition sequences, the two DNA-binding prore 
would be structurally closely related. 

The germ-line Vygi4; gene and all Jy segments show the recog- 
nition sequences separated by two-turn spacers. If the D seg- 
ment contains recognition sequences with one-turn spacers on 
each side, then V-D and D-J joinings would be mediated by 
recombinases having components equivalent to those acting on 
the light-chain genes. In this way, all recombinations leading to 
the assembly of immunoglobulin V genes would follow a one- 
turn/two-turn spacer rule. 

The two recombinase components hold the two recombining 
partners together and cut and rejoin the strands in the vicinity of 
the heptamers. As the recognition sequences of one partner are 
complementary to those of the other, it is possible that intra- 
strand base pairing occurs, however transiently, in the enzyme- 
DNA complex and facilitates the ligation reaction. 

This rule prohibits some unwanted recombinations, such as 
those between VA and Jx, and Vx and JA. However, some other 
unwanted recombinations, such as those between Vy and JA, D 
and Jx, and VA and Vx, could occur. This may be the reason that 
the three gene families are distributed in three different 
chromosomes. 


The switch recombination sites for the 
complete y2b gene of MOPC141 


Our previous electron microscopic studies’® demonstrated that 
the complete y2b gene clone M141—P21 shows some homology 
to the germ-line Cy gene clone MEP203 and some to the 
germ-line Cy2b gene clone MEP3. As shown in Fig. 1, the 
homology between clone M141-P21 and MEP203 is 2.4 kilo- 
bases long and extends, on M141—P21, from the 3’ end of the V 
DNA segment to a site 1.2 kilobases 5’ to the Cy2b gene, and, on 
MEP7203, from the J, DNA segment to a site 2.5 kilobases 5’ to 
the Cu gene. The remaining part of the 3.6-kilobase V—Cy2b 
intron of the complete y2b gene and the sequence that follows 
this part are entirely homologous to the germ-line Cy2b gene 
clone. The restriction enzyme maps of the three DNA clones 
shown in Fig. 3B confirm the results of the electron microscopic 
studies. Thus, the cleavage sites present in the first 2.2-kilobase 
portion of the V—Cy2b intron are also present at the cor- 
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Table2 The two conserved blocks of sequences near the V-J or V-D-J 





joining sites 
JDNA 
segments Nanomers Heptamers -Ref(s) 
Jx1 GGTTTTTGT 23 CACTGTG 7,13 
Jx2 AGTTITIGT 23 CAGTGTG 7,13 
Jx3 GGGTTTTGT 21 CACTGTA 7,13 
Jx4 GGTTITIGT 24 CACTGTG 7,13 
Jx5 GGTTTTTGT 23 CACTGTG 7,13 
JAI GGTTTITGC 12 CACAGTG 6 
Jun AGTITTAGT 22 GACTGTG gi 
Jin GGTTITTTGT 23 TAGTGTG 4 
Jin ATITATIGT 21 CACAATG bi 
23 CAATGTG y 
Ji GGTTTITGT 22 TATTGTG . 
31 TACTATG 14 
Basic 
sequence GGTTTTTGT CACTGTG 
V DNA 
segments Heptamers Nanomers Ref. 
V«21C CACAGTG 11 ACAAAAACC 7 
V«21B CACAGTG 12 ACAAAAACC t 
VK41 CACAGTG 12 ACATAAACC 8 
VK2 CACAGTG 12 ACATAAACC 5 
Vài CACAATG 22 TCAAGAACA 6 
Van CACAATG 23 ACAAGAACA 4 
Vuniai CACAGTG 23 ACAAATACC $ 
Basıc 
sequence CACAGTG ACAAAAACC 


Two blocks of conserved sequences found in the 5'-flanking region of 
J DNA segments and in the 3’-flanking reglon of embryonic V DNA 
segments are compared. The numbers between the two types of 
sequences indicate the distance between them in base pairs. The bases 
different from those of the basic sequences in the corresponding posi- 
tons are underlined. The refs from which the sequences were taken are 
listed (* this paper; t G. Heinnch, personal communication). 


responding positions of the germ-line Cu gene clone, whereas 
the cleavage sites located in the rest of the intron and the DNA 
stretch that follows are also found in the corresponding regions 
of the germ-line Cy2b gene clone. The maps show that switch 
recombination occurs between a pair of sites, one located within 
the 750-base pair Hindi U—HindIU segment of the germ-line Cu 
gene clone and the other within the 200-base pair EcoRI- 
BamHI segment of the germ-lire Cy, gene clone, and 
generates the 650-base pair HindI-—BamHI segment present in 
the complete y2b gene clone (see Fig. 3B). 

To understand this novel somatic event better, we determined 
the nucleotide sequences around the switch recombination sites 
(Fig. Sa). As expected, the 5’ portion of the M141-~P21 
sequence is the same as the sequence of the germ-line Cy gene 
clone, MEP203, whereas the 3’ portion is identical to the 
sequence of the germ-line Cy2b gene clone, MEP3. The exact 
u—y2b switch recombination sites are indicated by a vertical line 
in Fig. 5a. We propose to refer to the n—y2b switch sites on the 
germ-line Cy gene and the germ-line Cy2b gene as Su(y2b) and 
Sy2b(), respectively. 


Sequences around the p—y2b switch sites 


Are there any characteristic sequences around the p—y2b switch 
sites that might be considered as part of the recognition signal 
for the recombinase? As shown in Fig. 5a, two short blocks of 

as TCCTGG d AGA 
sequences, A GGACC S TCT 
the 5’ side of) Su(y2b) are also present near the Sy2b(j,) site in 
the equivalent positions. The two sets of sequences are in the 
same orientation relative to the direction of transcription, and 
thus, differ from those sequences conserved near the V-J joining 
sites not only in the sequence content but also in the relative 
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a : 
Embryonic u TT AATGAATTTGAAGTTGCCAGTAAATGTA Fae Meee 
(MEP203) pes aoe epee psa nite hoe eens a a greene cree 
Embryonic y2b TCAGGCAGAAGAATAGCTTGGCTGCAGAGAG GGCCA LS NE EEEN eee mee 
{MEP 3} AGTCCGTCTTCTTATCGAACCGACGTCTCT OA ~OCCCGGTC AACAGGCTAACTCGTCCTTGTATCCGTCCTTTTCCGGGACCGTGACTGTAA 
MOPCI141 y2b TTAATGAATTTGAAGTTGCCAGTAAATGCTAC jae ae TTGTCCGATTGAGCAGGAACATAGGCAGGAAAAGGCCCTAGCACTGACAT? 
{M141~-P21) peu ies hice cenit tae ieee AACAGGCTAACTCGTCCTTGTATCCGTCCTTITCCGGGACCGTGACTGTAA 

¥2b 

b 


TCTAGACTTATTTCGGTTGAACATGCTGGTTGGTGGTTGAGAGGACACTCAGTCAGTCAGTGGCGTGAAGGGCTTCTAAGCCAGTCCACATGCTCTGTGTGAACTCCCTCTGGCCCTGCT 120 


TATTGTTGAATGGGCCAARAGGTCTGAGACCAGGCTGCTGCTGGGTAGGCCTGGACT YT GGGTCTCCCACCCAGACCTGGGAATGTATGGTTGTGGCTTCTGCCACCCATCCACTTGGCTG 240 
CTCATGGACCAGCCAGCCTCGGTGGCTTT GAAGGAACAATTCCACACAAAGACTCTGGACCTCTCCGAAACCAGGCACCGCAAA 
avat HinfI Avat 


TACT TOTAAACTGTTICTGCTTAAGAGGGACTGAGTCTTCAGTCATTGCTTTAGGGGGAGAAAGAGACATTTGTGTGTCITTGAGTACCGTTGTCTGGGTCACTCACATTTAACTTT 480 
An 


GCEAGAGSCAGCCACAGCTGTGGCTGCTCT 360 


CCTTGAAAAACTAGTAAAAGAAAAATGTTGCCTGTTAACCAATAATCATAGAGCTCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTG 600 
ac : 


TATTAGTTGAGGTACTGATGCTGTCTCTACTTCAGTTATACATGTGGGTTTGAATTITGAATCTATTCTGGCTCTTCTTAAGCAGAAAATTTAGATARAATGGATACCTCAGTGGTTTTT 720 


fI 
PEN ETTAN EA nearer Pruner GOR ET Eran RAGTANGGNGOCAC CCNGGCTAAGAAGGCAATCCTOGOAT T TOGANGAANNGATOTTETTAGTITTTA 840 
a an 







TAGAAAACACTACTACATTCTTGATCTACAACTCAATGTGGTTT AATGAATTTGAAGTTGCCAGTAAATGTACTTCCTGGTTGTTAAAGAA 2 ACAGTGCTTAGATCCAA 960 


GGTGAGTGTGAGAGGACAGGGGCTGGGGTATGGATACGCAGAAGGAAGGCCACAGCTGTACAGAATTGAGAAAGAATAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCT 1080 
CCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATARAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT GAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAG 1200 


ind Ir 
ATGCGTGGCCTTCTCTGAGEGCTTCTAAAATGCGCTAAACTGAGGTGATTACT 
har Hhal 





CARAATGAAGTAGACTGTAATGAACTGGAATGAGCT CGGC 1320 
u 





CGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTT GAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAG 1440 


CAGCTATGCTACGS 1560 





CTGGGGTGA: 
Sac 
GAGCTGAGCTGGGGTGAGCTGAGCT GAGCT GGGGTGAGCT GAGCT GAGCT GGGGTGAGCT GAGCT GAGCTGGGGTGAGCT GAGCTAGGGTGAACTGGGCTGGGTGAGCTGGAGTGAGCTG 1680 


AGCTGAGGTGAA CTGGGGTGAGECGGATCTTTTGAGIT GAGCTGGGGTAAGATGAGCT GAACTGGGGTAAGATGGGATGA GCTSTGGTGAGGGGAGCTGGATTGAACTGAGCTGTGTGAG 1800 





SEGAGCTGGRGTCAGCTGAGCAAGAGTGAGTAGNCGTGGCTGGCCAAGANGCAAGAAT CANT TAGGCTAAGTGAGCCA GATT EE SETSGGA TCA GETS ACTCAGATGAGCTGGGATGAG 1920 


GTAGGCTGGGATGAGCTT.GGGCTAGCT GACATGGATTATGTGAGCCTGAGCTAGCATGGGCTGGCCTAGCTGATGAGCTAAGCTT 2005 
Hind I 


Fig.5 a, Nucleotide sequences around the p(-y2b) switch recombination sites in clones MEP203, MEP3 and M141-P21. Sequencing strategy is 

shown in Fig. 3B. The recombination sites are indicated by the vertical line designated by S. The two blocks of sequences commonly present in the 

5’ side of the recombination sites of the embryonic u and y2b gene clones are in boxes. 6, The nucleotide sequence of 5’-flanking region of Cu 

DNA surrounding the switch recombination site for M141 y2b gene. The 1.8-kilobase Xbal-HindIH segment (Fig. 3Bd) was sequenced 

according to the strategy shown in Fig. 3Bd. Two regions (X and Y) homologous to the M141 2b switch site (S) are indicated and common 
sequences GGTA and CAPuG are in boxes. Pentameric sequence CTGAG or its related sequences are underlined. 


orientation. Although it is not clear whether these sequences are 
indeed recognized by the recombinase, the results suggest that 
the enzymatic mechanism for the u-y2b switch recombination is 
quite different from that for V-J joining. 


Sequences of the 5’-flanking region 
of the germ-line Cp gene 


Recently, Davis et al.” isolated a complete « heavy-chain gene 
clone from MOPC603 that carries both Vy and Co genes. 
Heteroduplex analysis of this clone against the germ-line Ca and 
Cp gene clones suggested that the complete a heavy-chain gene 
is also generated by a switch recombination that involves the 
5'-flanking region of the germ-line Cu gene. The Su(a) site was 
mapped between the two HindIH sites at 2.2 and 1.3 kilobases, 
respectively, from the Cy gene (see Fig. 3Bc). Thus, the p-a and 
u—y2b switch recombfhations seem to use different sites in the 
5'-flanking region of the germ-line Cp gene. This suggests that 


there may be several different switch sites in this region, possibly 
one at least for each of the six heavy-chain classes or subclasses, 
with the possible exception of the & chain. (The behaviour of B 
cells suggests that -ò switches probably do not occur?”*”.) 
We therefore extensively sequenced the 5'-noncoding region 
of the germ-line Cu gene clone, MEP203. Fig. 3Bd shows the 
restriction map of the 2.2-kilobase region preceding the Cy 
gene, and its complete nucleotide sequence is shown in Fig. 5b. 
We searched for sequences that had a resemblance to those 
found near the Sy.(-y2b) site and found two, which are referred to 
as X and Y and are located, respectively, around 0.6 kilobases 
upstream and 0.3 kilobases downstream of the Sp(-y2b) site (Fig 
Sb). All three sequences share a tetranucleotide, GGTA, and a 
pentanucleotide, CAPuAG, However, the two sequences, 
TCCTGG and AGA, commonly present in the regions 5’ to the 
Su(y2b) and Sy2b() sites, are absent in the vicinities of X and 
Y. It is premature to predict that X and Y are indicative of switch 
recombination sites. Cloning and sequence analysis of complete 
heavy-chain genes of various classes and subclasses will clarify 
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the matter. (Recently, we learned that the Y sequence | is s indeéd 
used for the recombination of the y1 gene sequenced by Kata- 
oka et al.’ ' (N Ta cahashi and T. Honjo, personal com- 
munication).) 
In the 0.8-kilobase region adenda from the 5’ side of the Y 
sequence to the HindIII site, a pentameric sequence, CTGAG, 
or its close variants are repeated in tandem. As the Sula) site 
reported by Davis etal.” falls within this region, involvement of 
the repeated sequence in the p-a switch recombination can be 
invoked. Indeed, our recent DNA sequencing study on the 
germ-line Ca gene clone indicates that the same pentameric 
sequences are prominent in the region where the Ca(j) site had 
been mapped by Davis et al. (H.S., unpublished observations). 
Clone MEP203 carries a deletion of about 3 kilobases which 
- seems to have occurred during the cloning or subsequent pro- 
_pagation of the clone in Escherichia coli. Restriction enzyme 
maps of several independent Cu gene clones isolated by our 
laboratory and another laboratory”® suggest that most clones 
carry deletions of various lengths that map between the two 
HindIII sites surrounding the Y sequence. As shown in Fig. 5b, 
this is the region where the pentameric sequences are repeated. 
Our recent DNA sequencing studies on two independent Cy 
gene clones carrying different deletions confirmed that these 
deletions occur within the pentamer-rich regions. 





The two types of somatic recombination 


The present studies deal with two types of somatic recom- 
bination required for the generation of complete heavy-chain 
genes, namely V-D-J or V-J joining and switch recombination. 
The two types of recombination are clearly different in several 
aspects, although they both occur somatically during lympho- 
cyte differentiation. Although V-D-J or V-J joining should 


precede the synthesis of the free p chain detected in pre-B- 


cells’, switch recombination almost certainly occurs after these 
cells mature to small B cells bearing complete IgM molecules on 
the cell surface. V-D—J or V-J joining takes place at the margins 
of two protein-encoding DNA segments and generates 
complete V genes. In contrast, switch recombination occurs in 
the sequences located away from the protein-encoding DNA 
segments and in effect replaces the Cu exons of the complete 

y-chain gene with exons coding for the C regions of other 
E classes or sub- classes, except, perhaps, for the 6 
class. 

In V-D-J or V-J joining, the recombinant DNAs are to be 


translated in the recombined regions. This imposes certain 


restrictions on the precise cutting and joining sites because the 
encoded polypeptide chains would have to fold properly to be 
able to function as immunoglobulin subunits. Indeed, this type 
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of recombination seems to occur within a short (several base 

pairs) region adjacent to the conserved palindromic heptamer 
present at the margin of every V and J DNA segment studied to 
date. However, the recombination site does not seem to be 
unique in a given gene segment and this flexibility, however 
limited, seems to have been exploited during evolution to 
increase the genetic capacity of the organism’s antibody reper- 
toire. Switch recombination can a priori occur anywhere within 
the 7.5-kilobase intron separating the ] DNA segments and the 
Cu exons, and anywhere within a several-kilobase region 
located 5’ to the respective C exon of other classes, as long as the 
transcription unit on the recombined DNA can encompass the V 
and C exons and the transcript can be processed properly to the 
mature mRNA. This suggests that switch recombination sites 
may be scattered widely in these regions. Indeed, the Sp(-y2b). 
site for the MOPC141 y2b chain and the Sula) site for the 
MOPC603 a chain are at least 500 base pairs apart, Further- 
more, our recent studies demonstrated that in the EcoRI digests 
of various myeloma DNA, the sizes of the DNA east 

detected by the 3-kilobase Xbal~Xbal nanan carrying re ł a 
switch region (see Fig. 3Bc) are diverse, € 
myelomas secreting the heavy chains of th 
subclass (R.M., unpublished observations). h 
one or both switch recombination sites are not dig or šu cl 
specific. 

We previously aoned that the Y-J joining can be consi- 
dered as a reversal of an ancient, accidental insertion- of an 
IS-like DNA element carrying invertedly repeated sequences at 
the margins’. In contrast, the evolution of immunoglobulin 
chains suggests that the C exons of various heavy-chain classes 
or subclasses arose by dur on of ancient Cy exons and their 
flanking sequences” ‘The ‘switch recombination sites have 
probably arisen from these duplicated fiz pse quences by 
making use of the sequen e homology among them. 4 Whether 
the switch to various classes or subclasses is actively controlled at 
the level of the DNA recombinations remains to be determined. 

Early et al.” have independently reported the analysis of 
M603 a heavy-chain V DNA and its germ-line V DNA and J 
DNA. They found that the 18-base pair D DNA segment in 
M603 V DNA is not accounted for by either germ-line V DNA 
or J DNA. They also identified two heavy-chain J DNAs by 
nucleotide sequencing that correspond to our Jur and Jya Our 
determined or predicted joining sites on Ja, DNA for M603, 
M167 and 8107 heavy-chain genes ere in agreement with their 
direct sequencing of cDNAs for heavy-chain mRNAs prepared 
from respective myelomas. | 

We thank Dr Michael Potter for myelomas and Ms L, Sultz- 
man, Mr G. Dastoornikoo, Ms L. Gibson, Mrs P. Riegert and Mr 
A. Traunecker for technical assistance. l 
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The cDNA for the B-subunit of human chorionic 
gonadotropin suggests evolution of a gene 
by readthrough into the 3’-untranslated region 
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A 579-base pair approximately full-length cDNA which codes for the 145-amino acid long B-subunit of human chorionic 
gonadotropin (HCG) has been cloned in the plasmid vector pBR322 and its complete nucleotide sequence determined. A 
hydrophobic presequence of 20 amino acids can be identified from the nucleotide sequence. The amino acid sequence of the 
B-subunit is known to be related to those of the B-subunits of the other glycoprotein hormones LH, FSH and TSH, but the 
B-subunit of HCG is unique in that it contains a C-terminal extension of about 30 amino acids which has no homologous 
counterpart in the other three hormones. Analysis of the BHCG cDNA nucleotide sequence suggests that this extension ma y 
have arisen by the loss of the termination codon of an ancestral B-like gene so that most of what was previously the 
3'-untranslated region now codes for protein. The B-subunit of HCG terminates with the codon UAA located 16 bases 
before the poly(A) in the sequence AAUAAA. This sequence is believed to be a recognition signal involved in either 
polyadenylation or processing and therefore has a dual role in this gene, serving both a coding and a regulatory function. 
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HUMAN chorionic gonadotropin (HCG) is a member of a group 
of four glycoprotein hormones which are functionally and 
structurally related. The other three hormones in the group, 
luteinizing hormone (LH), follicle-stimulating hormone (FSH) 
and thyroid-stimulating hormone (TSH), are synthesized in the 
anterior pituitary, whereas chorionic gonadotropin is 
synthesized in large amounts by the placenta. The level of HCG 
reaches a maximum about 10-12 weeks after conception and 
declines towards the end of pregnancy. The hormone functions 
to stimulate the corpus luteum to produce steroid hormones 
which are essential for the maintenance of pregnancy {for 
reviews see refs 1, 2). An antigen which is immunologically 
similar to HCG is also produced by many tumour tissues and 
transformed cell lines? as well as by certain bacterial strains’. 

All four hormones are glycosylated and consist of an a- anda 
B-subunit’. The same a-subunit is common to all four hormones 
and in the case of humans is 92 amino acids long® '', whereas the 
B-subunits have sequences unique to each hormone and confer 
biological specificity. 

Comparison of the B-subunits reveals that they are all related. 
In the human the B-subunits of HCG, LH, FSH and TSH are 
145, 115, 118 and 112 amino acids long, respectively"? The 
B-subunit of HCG is thus about 30 amino acids longer than 
those of the other three hormones. The highest level of 
homology observed (82%) is between the B-subunits of HCG 
and LH, the homologies between all other pairs of B-subunits 
ranging from about 30 to 40%. Alignment of the B-subunit 
amino acid sequences shows that the extra 30 amino acids of the 
HCG £-subunit form a C-terminal extension that is unique to 
HCG and thus has no homologous counterpart in the other three 
B-subunits.’ The function of this extension is not known. 

We have described previously the isolation by cloning in the 
plasmid vector pBR322 of a 621-base pair cDNA fragment, 
synthesized from first trimester placental mRNA, which codes 
for the entire a-subunit’’. The results obtained when this cDNA 
fragment is used to hybridize to human genomic DNA digested 
with various restriction enzymes imply that the a-subunit is 
coded for by a single gene (ref. 17 and unpublished results). 

The present report describes the isolation, also from first 
trimester placental mRNA, of a 579-base pair cDNA fragment 
which codes for the 148 amino acids of the B-subunit of HCG 
and for a previously unknown 20 amino acid-long presequence. 
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Examination of the sequence of the 8 HCG cDNA reveals that 
the C-terminal extension has probably arisen by the loss of a 
termination codon in an ancestral B-like gene so that the 3’- 
untranslated region now codes for amino acids. The sequence 
AAUAAA (ref. 18) in the B-subunit of HCG has the dual 
function of containing the termination codon (UAA) of the gene 
and a possible recognition site for polyadenylation or processing 
of the mRNA. 


Cloning of the cDNA for the 
B-subunit of HCG 


First trimester placental polyadenylated RNA has been shown 
previously’ ”'?"** by in vitro translation and immunoprecipita- 
tion of the products to be an enriched source of the mRNAs 
coding for both subunits of HCG. However, there seems to be an 
excess of a over 8 mRNA; this finding correlates with the excess 
of free a-subunit polypeptide over the -subunit in the 
placenta”. 

The cDNA for the a-subunit of HCG was identified pre- 
viously on the basis of restriction enzyme analysis. Total first 
trimester placental cDNA was digested with a variety of restric- 
tion endonucleases and the products were visualized by elec- 
trophoresis on 5% polyacrylamide gels. Prominent restriction 
enzyme fragments were observed and it was assumed that these 
arose by digestion of the major cDNA species, the a-subunit of 
HCG. Recombinant plasmids were therefore screened by 
restriction enzyme digestion of their DNA and those containing 
fragments which corresponded in size to those observed in total 
cDNA were considered potential a HCG recombinants. | 
Sequence analysis confirmed the identity of one such recom- 
binant. : | 

This approach, however, has the disadvantage that there is no 
positive correlation between prominent restriction enzyme 
fragments and a particular mRNA species until DNA sequences 
have been determined. Potential recombinants for the 8 HCG 
cDNA were, in fact, isolated in this way but were found by 
sequencing not to code for the B-subunit. 

A more direct approach is to use the known amino acid 
sequence of a protein to predict the existence of a restriction 
enzyme site in the gene. Most restriction enzymes do not have 
recognition sequences which are uniquely determined by certain 
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Fig. 1 Restriction enzyme analysis with Sau9ól of the two recombinants 
between pBR322 and the cDNA of the -subunit of HCG. The recom- 
binants were obtained from first trimster placental cDNA in the size range of 
500-700 base pairs using the approach of adding synthetic HindIII oli- 
gonucleotide linkers to the cDNA. Experimental details were as described 
previously’? with the exception that strain RRI was used in place of y 1776. 
All experiments conformed with the NIH Guidelines for Recombinant DNA 
Research. Overnight cultures in L broth (3 ml each) were grown for 72 
recombinants and the cells were pelleted. Cleared lysates were made using 
lysozyme, EDTA and Triton** and were dialysed extensively against 0.3 M 
NaCl, 10 mM Tris-Cl, pH 8.0, and 1 mM EDTA before precipation with 
ethanol. Each plasmid DNA preparation was then resuspended in 10 pl H,O 
and 1 yl of the DNA was digested at 37 °C for 30 min with 1 unit of Sau96! 
(Biolabs) in a 5 pl reaction containing 50 mM NaCl, 6 mM Tris-Cl, pH 7.5, 
6 mM MgCl, and 1 mM dithiothreitol. The sample was then used directly to 
resuspend 1 Ci of [a-**P]dGTP which had been evaporated to dryness and 
0.5 units of DNA polymerase I (Klenow modification) were added before 
incubation at room temperature for 15 min (ref. 26). The sample was then 
electrophoresed directly on a 0.3-mm thick 5% polyacrylamide gel until the 
' bromphenol blue marker dye was about 5 cm from the bottom of the gel. The 
gel was then soaked for 15 min in 10% acetic acid to elute free [a-**P}dGTP 
_ and was exposed overnight to X-omat R film at —70° C with an intensifying 
screen. Lanes A and B show autoradiographs of the Saw96I digests of the 
two pBR322-8 HCG recombinants. The sizes of the fragments correspond- 
ing to the 8 HCG cDNA are indicated (see text). The third lane is a Hinfl 
digest of ®X174 RF DNA used as size markers. 


amino acid pairs, but two enzymes, Asul (ref. 24) and Sau96I 
(ref. 25), are particularly useful because they recognize the 
sequence GGNCC. As glycine is coded for by the four codons 
GGN and proline by the four codons CCN, every Gly-Pro 
dipeptide must be represented by an Sauw96I site in the cor- 
responding gene. Other groups of amino acids may also be 
coded for by sequences containing Sau96I sites, as the sequence 
GGNCC may be translated in two other reading frames. 

As there are Gly-Pro dipeptides at positions 102 and 103 and 
positions 136 and 137 in the B-subunit of HCG”, the 
corresponding gene must have Sau96I sites 102 base pairs apart. 
Within this 102 base pairs of DNA, at amino acid positions 
104-106 and 122-124, are the sequences Lys-Asp-His and 
Lys-Ala-Pro, respectively, which, with the appropriate codon 
choice, would also correspond to Sau96I sites. These restriction 
enzyme sites would result in the 102-base pair fragment being 
divided into pieces 9, 54 and 39 base pairs long. 


Double-stranded cDNA was synthesized from first trimester 
placental RNA as described before (ref. 17 and Fig. 1 legend) 
and fragments in the size range of 500-700 base pairs were 
recovered from a preparative 5% polyacrylamide gel and cloned 
into the unique HindIII site of pBR322. Small-scale DNA 
preparations were made from 72 such recombinants and the 
DNAs digested with Sau96I. The resulting DNA fragments 
from the recombinant plasmids were labelled at their termini 
with [a-*’P]dGTP using DNA polymerase I (ref. 26 and Pig. 1) 
and analysed on 5% polyacrylamide gels. 

Two of the recombinants were observed to have Sau96I 
fragments 54 and 39 base pairs long (Fig. 1) and were thus 
considered potential 8 HCG clones. The 9-base pair fragment 
would not be observed on a 5% polyacrylamide gel. In addition 
to these fragments, a 150-base pair fragment is common to both 
recombinants. A fragment of this size is compatible with the 
amino acid sequence for the -subunit of HCG, as the sequence 
Pro-Ala-Leu at positions 50-52 could be coded for by a nucleo- 
tide sequence containing Sau96l site. which is about 150 bases 
from the Sau96I site corresponding to the Gly-Pro dipeptide at 
positions 102-103. 

The other Sau96I1 fragments, 350 and 140 base pairs long in 
the case of A and 340 and 160 in the case of B, were shown by 
combined HindIII and Sau96I digestion (data not shown) to be 
terminal fragments containing pBR322 sequences in addition to 
cloned sequences. The two recombinants were thus considered 
potential candidates for containing 8 HCG cDNA sequences 
and seem to represent slightly different lengths of copying of the 
same mRNA species. 


DNA sequence analysis of 
the B HCG cDNA 


Both potential 8 HCG recombinants were positively identified 
by DNA sequence analysis. The plasmid DNAs were digested 
with HindIII, labelled with polynucleotide kinase and [y- 
“P]ATP, and the 5’-terminal HindJII-Saw961 fragments 
sequenced. Subsequently, the complete sequence of recom- 
binant A, which is about 10-20 nucleotides longer than B at the 
5’ end, was determined. Both the chemical method of Maxam 
and Gilbert” and the chain-termination method of Maat and 
Smith** were used, because both methods used the same 5'- 
terminally labelled double-stranded DNA fragments. The 
sequence was determined on both strands of the DNA to ensure 
accuracy. 

The complete sequence of recombinant A, j 
pBR322-cBHCGG, is presented in Fig. 2. The cDNA is 579-base 
pairs long, of which 40 represent the poly(A) sequence. All 145 
codons which correspond exactly to known amino acid sequence 
of B HCG can be identified". 

A hydrophobic presequence of 18-29 amino acids, which is 
processed to generate the mature polypeptide, is observed in 
secretory proteins (see ref. 29 for a compilation of 
presequences). The a-subunit of HCG has a 24 amino acid-long 
presequence'’*’, but no information is available on the 
presequence of the #-subunit. If the sequence preceding the 
serine codon at position 1 in 8 HCG is read in triplets towards 
the 5’ end, potential ATG initiation codons are observed at 
positions —18 and —20 (see Fig. 2). No other ATG codons are 
observed between this position and the 5’ end of the cloned 
cDNA in this or the other two reading frames. It has been 
proposed, on the basis of examining the S'-untranslated 
sequences of 22 eukaryotic mRNA species, that the initiator 
methionine codon is the AUG located closest to the 5’ end of the 
mRNA”’. Two exceptions to this rule have been observed with 
the mRNAs for the VP1 in the virus SV40°** and for bovine 
preproparathyroid hormone™, but in both cases it has been 
proposed that the AUG triplet in the 5’-untranslated region is 
masked by secondary structure. The 8 -subunit of HCG can thus 
be predicted to have a presequence 20 amino acids long, but the 
existence of a larger presequence ‘greater than 28 amino acids 
long) cannot be definitely ruled out because there are no 
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termination codons in phase in the part of the 5’ untranslated 
region which has been cloned. Characteristically, the 
presequence of 8 HCG is hydrophobic, with the somewhat 
unusual structure of seven consecutive leucine residues at posi- 
tions —8 to ~14. 7 

The nucleotide sequence of the 8 HCG cDNA has a very high 
G+C content (G 28.0%, C 38.0%, A 16.3%, T 17.6%) when 
compared with total human DNA (G 19.5%, C 19.8%, A 
30.9% ,T 29.6%). A similar bias towards a high G + C content is 
also observed in the human cDNAs for insulin” and chorionic 
somatomammotropin (ref. 36 and E. Tischer, J.C.F. and 
H.M.G., unpublished data), but is not so noticeable in growth 
hormone”, the a-subunit of HCG” or 8-globin®*~°, 

Consistent with the high G +C content of B HCG cDNA is the 
very considerable bias towards codons ending in G or C (G 
31.9%, C 50.6%, A 7.2%, T 10.2%). A compilation of the 
nucleotides present in the third codon position of the known 
human cDNA sequences is given in Fig. 3. The high incidence of 
codons ending in G and C seems to be a common feature of 
human genes even with growth hormone, 8-globin and a HCG, 
which do not have a marked overall high level of G and C. These 
data are consistent with the observation*! that codon choice is 
species specific and, if this has a role in modulating translation, 
may present difficulties in obtaining high levels of expression of 
human genes in other cell types. 


-29 

met glu met phe gin giy leu leu leuy 
AGACAAGGCAGGGGACGCACCAAGG ATG GAG ATG TTC CAG GGG CTS CTG crto 
i 3@ 


-1g 1 
leu leu leu leu ser met gly gly thr trp ala ser lys glu pro leu 
TTG CTG CTG CTG AGC ATG GGC GGG ACA TOG GCA TCC AAG GAG COG CTP 
68 on 


if 20 
arg pro arg Cys arg pro ile asr ala thr leu ala val glu lys glu 
CGG CCA CGG TGC CGC CCC ATC AAT GCC ACC CTG GCT GTG GAG AAG GAG 
Haelit 120 


38 
aly cys pro val cys ile thr val asn thr thr ile cys ala gly tyr 
GGC TGC CCC GTG TGC ATC ACC GTC AAC ACC ACC ATC TOT occ acc TAC 
isg 186 


40 50 
cys pro thr met thr arg val leu gin gly val leu pro ala leu ore 
TGC CCC ACC ATG ACC CGC GTG CTG CAG GGG GTC CTG CCG GCC CTG CCT 
218 PstI Sau96Il Haelli/Sau%61 


68 
gin val val cys asn tyr arg asp val arg phe glu ser ile arg leu 
CAG GTG GTG TSC AAC TAC CGC GAT GTG CGC TTC GAG TCC ATC CGG ETC 


270 Taqi/Hinfs 


78 BA 
pro gly cys pro arg gly val asn pro val val ser tyr ala val ala 
CCT GGC TGC CCG CGC GGC GTG AAC CCC GTG GTC TCC TAC GCC GTO ger 
309 332 


908 Lan 
leu ser cys gin cys ala leu cys arg arg ser thr thr asp cys gly 
CTC AGC TOT CAA TGT GCA CTC TGC CGC CGC AGC ACC ACT GAC Tac GGG 


“pPvulli 368 


116 
giy pro lys asp his pro leu thr cys asp asp pro arg phe gin asp 
GGT CCC AAG GAC CAC CCC TTG ACC TGT GAT GAC CCC COC TTC CAG GAC 


Sayogi Saul” 420 in 


129 138 
ser ser ser ser lys ala pro pro pro ser leu pro ser pro ser arg 
TC TOT TCC TCA AAG GCC CCT COC CCC AGC CTT CCA AGC CCA TCC CGA 


fi HaeIfi/Saug6r sag Hip 


14a 145 
leu pro gly pro ser asp thr pro ile leu pro gin ac 
cre CCG GGG CCC TCG GAC ACC CCG ATC CTC cca GRA TAA Aboctrrcercaat 
FI/smat/Sac96t /Haelit “Mbol 536 


CcGELAJ,, 
539 48 


Fig. 2 Nucleotide sequence of the $79-base pair cDNA fragment coding 

for the 8-subunit of HCG. The amino acid sequence of the 145-amino acid 

long protein”? >t? is shown as well as the 20-amino acid long presequence 

deduced from the nucleotide sequence. Nucleotides are numbered below the 

sequence and amino acids above the sequence. Only those restriction 

enzyme sites used in the sequence analysis are indicated. The AAUAAA 
sequence at the 3’ end of the coding region is marked. 
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hinsulin 14 8 43 45 


h8Globin 18 48 53 45 


Fig. 3 Frequency of third position codon choices in the known human 
cDNA sequences; 8 HCG, a HCG”, growth hormone (HGH)*”, chorionic 
somatomammotropin (HCS)”*, insulin** and B-globin?’~°”, 


Evolution of the genes for the 
glycoprotein hormones 


The @-subunits of the four glycoprotein hormones HCG, LH, 
FSH and TSH all show amino acid sequence homologies which 
range from about 30% between HCG and FSH to about 80% 
between HCG and LH. Alignment of all four sequences shows 
that the 12 cysteine residues are completely conserved and that 
there is an additional conserved region located at positions 
34-38 in B HCG. . 

A much less pronounced homology between the a- and 
B-subunits of bovine TSH has also been proposed by Pierce’, 
leading to the suggestion that all glycoprotein hormones genes 
evolved from a common ancester which subsequently diverged 
to generate a and B sequences. This amino acid sequence 
homology can also be detected between a and B HCG and is 
presented in Fig. 4. The alignment used here differs somewhat in 
the N-terminal region from that proposed from bovine TSH and 
can now also be extended to include the presequences. Overall, 
the homology is very low (16% not including the deletions and 
insertions), but there is still a very noticeable conservation of the 
cysteine residues, with 6 of the 12 being maintained between the 
a and 8-subunits. : 

Figure 4 also shows the alignment of the coding nucleotide 
sequences for the a- and B-subunits of HCG based on the same 
alignment as used with the amino acid sequences. Overall, the 
homology level is still very low (31%), but there are certain areas 
which are considerably more closely related, especially in the 
regions of the cysteine residues. The observed similarity 
between the sequences does not merely reflect a similar bias in 
base composition between the two species, for the base 
composition of the a cDNA (G 20.0%, C 24.5%, A 26.6%, T 
29.0%) is very different from that of the 8B cDNA (G 28.0%, C 
38.0%, A 16.3%, T 17.6%). | | 

The nucleotide sequence data therefore tend to confirm the 
proposal that the a and B genes are related and thus probably 
have evolved from a common ancester, as the homology pre- 
viously detected at the amino acid level is somewhat more- 
apparent when the nucleotide sequences are considered. In this 
respect, therefore, the glycoprotein hormone genes may be. 
similar to the globin genes, which are also assumed to have 
evolved from a common precursor*’ into an a gene-and a family 
of several B-like genes. | 


Readthrough into the 3'-untranslated region 

The 3'-untranslated region of the 8 HCG mRNA is only 16 
bases long and is thus remarkably short when compared with 
other eukaryotic mRNA species (see Fig. 2). The termination 
codon UAA is located in the sequence AAUAAA, which is 
found in the 3’-untranslated regions of all polyadenylated 
eukaryotic cellular mRNAs? at about 15-20 bases from the 
poly(A). The lack of this sequence in some non-polyadenylated 
plant viral mMRNAs™ led to the proposal that the AAUAAA is 
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involved in the process of polyadenylation®’. However, there is 


an exception to this, as the genomic RNAs of several picor- - 


noviruses £ are polyadenylated but do not have the AAUAAA 
sequence**. Thus, it may be that in the case of the cellular 
mRNAs this sequence acts as a signal in the processing of a 
larger precursor mRNA molecule as well as being involved in 
polyadenylation. In8 HCG mRNA, this sequence therefore has 
a dual overlapping function, as it codes for the last codon, CAA 
(Gln), and for the terminator (UAA), in addition to the pro- 
posed regulatory function. 

The alignment of the 8-subunit amino acid sequences shows 
that the 8-subunit of HCG has a C-terminal extension of about 


30 amino acids which has no homologous counterpart in the , 


other three. As the 8 HCG mRNA has such an unusually short 
3'-untranslated region, it can be proposed that the 8-subunit of 
HCG evolved from a common f-subunit ancester by some 
readthrough event so that the 3’-untranslated sequence became 
a coding region. This could have arisen by changes such as point 
or frameshift mutations or by an alteration of the splicing 
pattern of the precursor mRNA. Verification of this proposal 
will require sequence analysis of the genes for the other three 
B-subunits so that homologies between their 3’-untranslated 


regions and the C-terminal extension of 8 HCG car be investi- 


gated. 
A similar observation. has also been made with the gbnornal 
human a-haemoglobin Constant Spring, which has a 31-amino 


pea ATG| GAG ATG TTC CAG 118 bee tat net 
uel tt zk * 
x, CO ATG] GAT TAC TAC AGA AAA TAT GCA GCT 
met/ asp tyr tyr arg lys tyr ala ala 
gly leu leu leu leu leu ser met gly gly thr trpfala 
tas GGG CTG CTG G) CTG CTG CTO AGC ATG GOC GGG ACA TOG OCA 
* * “* * * * wk 
ATC TTT Gi GTC ACA G; TCG GTG TTI CTG CAT.GQTT CTC CAT TCC iG 
ile phe val thr ger val phe isu his val leu his seriala 


lys 


thr 
ACC 


Li 


AAA 
lys 


Fig. 4 Alignment of the amuno acid and nucleotide sequences of the coding 
regions of the a (lower Hnes) and § (upper Imes) subunits of HCG, To 
marimiro the homologies, one insertion of five codons, and two deletions of 
one and sm codons have been proposed in the a sequence. The overall 
sequence homologies are 161% and 31.0% for the amino acids and 
nucleotides, respectively These values do not take into account the delebons 
and insertions Only the region of the 8 HCG coding sequence which has a 
homologous counterpart m the a-subunit (ammo acids —20 to 99) is shown 
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acid C-terminal extension when compared with normal a-glo- 


bin“. Sequence’ analysis of normal human a-globin cDNA 


showed that the carboxy-terminal amino acids of a-globin 
Constant Spring could be coded for by the 3’-untranslated 
region with a termination codon located in the same position as 
in 8 HCG”. 

The availability of cloned cDNA sequences for both subunits 
of HCG should facilitate further investigation of the structure 
and regulation of the gonadotropin genes. Hybridization probes 
can be generated to investigate the cellular genes to determine 
whether any linkage exists between the related genes and to 
examine the synthesis of HCG in the placenta, transformed cells 
and, possibly, bacteria. 
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The X-ray rapid burster MXB 1730 — 335, dieenvered by Lewin 
et al.’ has been identified with a compact globular cluster 
embedded in the midst of the galactic plane and named’ Liller 1. 
it has an extremely large interstellar extinction (A, = 11 mag) 
from which Liller’ and Kleinmann et al.’ derived its distance as 
10kpe. Kulkarni ef al.’ detected IR bursts in the globular 
cluster, six times during their 2.5 h observing time on 4-5 April 
1979 using a i-m telescope at Kavalur’. The burst power 
emitted in H-band was estimated to be 1.6-2.3 x 10° W. Sti- 
mulated by this report, we monitored MXB1730 — 335 using a 
muiti-band IR photometer for about 10h during April and 
August 1979. In the latter period, although the X-ray bursts 
were very active, no coincident IR and X-ray burst could be 
detected. We show here that this conflicts with previous results 
by Kulkarni ef al.’ and Jones et.al.°. 

The source was observed on 20-22 April 1979 at H-, K- and 
L-bands using a multi-colour photometer attached to the 1-m 
IR telescope at the Agematsu IR Observatory of Kyoto Uni- 
versity. During the monitoring time, ~4h in three days, we 
could not detect any change of flux exceeding the statistical 
fluctuations; 2.7x10°'’ Wem? wm”! at the H-band, 1.8x 
1007 W em um at the K-band and 3 x 1077 W em? am! 
at the L-band. 

The X-ray satellite HAKUCHO, launched in February 1979, 
registered a revival of X-ray burst activity from early August 
1979. We again attempted to monitor this in the near-IR using 
the 61-cm telescope of the University of Hawaii on Mauna Kea 
where we were conducting a deep IR survey in the galactic 
plane. The observations were performed with a multi-colour 
photometer built for the survey. The photometer can monitor 
four colours: J(0.82 ym), H(1.61 um), K(2.21 um) and 

L{3.61 wm) bands simultaneously, using beam splitters in con- 
junction with a Si-photodiode (I-band) and three independent 
InSb photovoltaic detectors (H-, K- and L-bands). The time 
constant of the lock-in-amplifier was set at 0.3 s. The beam was 





Table 2 Upper limits to the IR flux changes in association with the 
X-ray burst event at 12 August 06.38.27 (UT) 


Upper limits 
Corrected for 


m Mae E i interstellar „Extinction 
an (Wem “pm 7) (Wem “um ^’) 

T (0.82 pm) 1x107 rior? 

H (1.61 um) 1x100 6x107 

K (2.21 um) 4x107 ixio 

L (3.61 pm) 210°" 3x 1971? 





wobbled in N-S direction with a beam throw of 1.5 arc min at 
~10 Hz. 

No bursts were observed within the statistical fluctuation of 
the signals in any channel during the observing time of 6 h during 
9, 10 and 12. August 1979. The details of the observations in 
April and August are summarized in Table 1; y Sgr was chosen 
as a calibration star. 

During the period in August, HAKUCHO was obscene 
X-ray bursts almost every 20 or 30 min (ref. 6). From statistical 
considerations, therefore, it is improbable that an X-ray burst 
did not occur during our IR observations which lasted 6h. 
However, the observations of HAKUCHO and that of the IR 
monitoring missed each other most of the time, Only in the 
following event was an X-ray burst accompanied by an IR 
observation. 

An X-ray burst associated with IR bursts: 


Onset time: 06.38.27 UT 
, 12 August 1979 
Burst duration: 126s 
X-ray burst flux: 1.3«10°° Wem”? 
(3-10 keV) 


(Observation by HAKUCHO’) 


As the X-ray observation was interrupted, its end time was 
not observed but this is undoubtedly one of the typical X-ray 
bursts of the so-called ‘trapezoidal’ form’. Figure 1 shows the IR 
raw data in H- and K-bands recorded on strip charts in the 
corresponding time of the X-ray burst event. The X-ray burst 
profile is also shown for comparison’. 

We can find no change in the IR flux which is larger than 
statistical fluctuations before or after the onset of the X-ray 
burst. The r.m.s. fluctuations of the signals are 7x 
10°’ Wem? um? and 2x107" W cm? pm“! for H- and K- 
bands, respectively. Slight depressions labelled ‘adj’ were acci- 
dentally caused by the pointing adjustment of the telescope. 

Toimprove the statistics, we integrated the observed fluxes of 
the source in its steady state before the onset of the burst and 
during on-burst time, from which upper limits for changes of the 
flux level can be estimated; the results are given in Table 2 





Table 1 Journal of observations 
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Duration Beam 
Date (1979) Time (UT) (min) Bands (are s) Observatory 
20 April 19.41-20.20 20 K 40d Agematsu 
21 April 17.47-20.10 © 136 H, K, L 606 Agematsu 
22 April -18.30-20.10 86 H, K, H 60% Agematsu 
Total: 242 = 4 h02 min 
Photometry: H (6.678) K (5.818) £ (6.28) Beam size: SOarcs’ o 
9 August 09.49-10.49 . “$5 LH, K,L 60 x 26 Mauna Kea 
il August 06.12-10.31- 90 I, H, K, L 60x20 Mauna Kea 
12 August 06.14-10.00 226 LH, K, L 60x20 Mauna Kea 
Total: 372=6h12 min 
Photometry: 1[(9.57"*), H(6.27"*), K(5.4"*), L(5.6™) Beam size: 60x20 arcs? | > % 
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Fig. 1 IR observational data at H-and K-bands in correspon- 
dance with the X-ray burst event on 12 August 1979. 


corrected for the interstellar extinction assuming A, = 1.1 mag 
(ref. 4). 

The intrinsic fluxes thus obtained for K- and L-bands are 
substantially smaller than the X-ray flux of 1.3 x 107 W cm”? 
(3-10 keV) of the order of 10°°. Assuming a distance of 10 kpc 
`: for the source, we estimate the upper limit to the energy release 
‘in the IR region to be of the order of 107° W in a band width of 
1 pm. This is more than one order of magnitude smaller than 
“that detected by Kulkarni et al.*. Recently, Jones et al.* have 
- announced another detection of IR bursts in the globular cluster 


-on 5 September 1979, about a month later than our obser- 


vations. Its energy release in K-band was estimated to be 
2.2.x 10° W, compatible with the previous results obtained by 
Kulkarni et al.?. | 

The positive detections by Kulkarni et al.’ and by Jones etal.” 
apparently disagree with our negative results. This may be 
attributable to difference in Types of the X-ray bursts. In fact 
Kulkarni et al. assumed their IR bursts to be associated with 
Type 1 X-ray bursts, while the X-ray bursts observed by the 
HAKUCHO were exclusively Type II bursts’. 

The IR bursts so far observed are not accompanied by X-ray 
data. We need to make simultaneous observations in the X-ray 
and IR regions for confirmation of their exact concurrence, or 
their. rel: nship to the burst Type. If they occur simul- 
taneously, the emission should be of nonthermal origin; which 
means that magnetic field would be strongly coupled with the 
‘emission mechanism. Polarimetric observations would give data 
about such a mechanism and about the energy spectrum. 

We thank the HAKUCHO group for their encouragement 
and collaboration, also Dr J. T. Jefferies, director of the Mauna 

“Kea Observatory, for permission to use the 61-cm telescope on 
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The IR variability of SS433 


A. B. Giles*, A. R. King*, R. F, Jameson”, 
M. R. Sherrington’, J. H. Hough’, J. A. Bailey? 
& E. C, Cunningham; 


* Astronomy Department, University of Leicester, Leicester LE] TRH, 
Uk 

tHatfield Polytechnic Observatory, Bayfordbury House, Hertford 
$G13 8LD, UK 


We report here the results of a one-year monitoring programme 
of $8433 at ER and visual wavelengths. The most striking feature 
of these observations is the near constancy of the IR colours 
while the source’s flux varies over a range of ~1.2 mag. There is. 
no evidence for the 13.1-day period first reported in radial- 
velocity measurements by Crampton ef al’. However, it seems 
possible that an 11.8-day period is present. 

$8433 remains an object of great interest because of the 
presence of enormously Doppler- “shifted emission lines swing- 
ing back and forth across its spectrum?” ’. (Suggested models are. 
given in refs 6, 7 and comprehensive reviews of the spec- 
troscopic data in refs 8, 9.) The work reported here is not directly 
connected with the emission-line penmetie but provides 
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Table 1 JHK Paama of $8433 
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JD Jas H+AH KK 
3942.369 9.73 0.04 910.002 8.45 0.02 
3944.392 8.79 004 8.12 0.02 
3945.367 9.41 0.04 8.75 0.02 8.12 0.02 
3973.351 9.38 0.02 86? 003 8.05 0.02 
3978.359 9.26 002- 8.51 0,03 7.94 0.02 
4007.674 959 0.10 869 0.03 8.01 0.04 
4012.676 9.35 0.02 8.65 0.03 7.99 0.02 
4014.660 9.18 0.02 8.46 0.02 791 0.01 

-4015.640 9,25 0.02 
4019.080 9.57 005, 8.77 0.03 8.17 0.03 
4021.030 9.00 0.05 827 0.05 7.92 0.05 
4023.070 8.79 0.05 8.01 0.05 7.47 0.05 
4023.140 9.08 0.07 8.45 0.07 7.73 0.07 
4024.010 9.35 6.07 8.68 0.07 7.88 0.07 
4024.030 9.34 0.05 8.78 0.05 7.78 0.05 
4025.080 8.95 0.07 8.20 0.07 7.28 0,07 
4096.375 8.64 0.03 7.84 0.02 7.23 0.03 
4097.458 9.23 0.04 8.51 0.04 7.76 0:04 
4098.396 9.51 0.03 8.79 0.04 8.16 0.04 
4099.375 9.76 0.03 9.11 0.02 8.32 0.03 
4100.542 9.68 0.02 8.99 0.02 8.35 0.02 
4101.563 9.54 0,02 8.74 0.02 8.13 0,02 
4104.375 8.98 0.02 8.17 0.02 7.45 0.02 
4107.500 9.04 0.02 8.22 0.02 7.41 0,02 
4108.479 8.95 0.02 8.11 0.02 7.41 0.02 
4109.458 9.12 0.02 8.32 0.02 7.67 002 
4149.417 9.49 0.02 8.66 0.01 7.99 0.02 
4150.375 9.20 0.01 8.43 0.01 7.73 0.02 
4151.438 9.05 0.01 8.24 0.01 763 0.01 
4152.344 8.76 0.02 7.93 0.61 7.26 0.01 
4153.396 8.75 0.03 7.82 0.02 7.20 0.01 
4157.396 9.43 0.04 8.50 0.03 7,96 0.04 
4188.736 9.92 0.01 8.92 0.01 8.19 0.01 
4189.713 9.28 0.01 848 6.01 7.84 0.01 
4296.350 9.26 0.04 8.54 0.02 795 0.02 
4354.258 9.09 0.01 8.48 0.01 7.86 0.01 
4354.383 9.08 0.01 B41 0.04 7.80 0.01 
4355.385 9.17 0.01 849 001 7.89 001 
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additional information about the nature of the underlying binary 
system. The variability of the source has been studied at several 
wavelengths”'*-"* and the radial velocity period of 13.1 days 
first reported by Crampton et al.' has now also been detected in 
the Ha line-to-continuum ratios’*. A spectroscopic modulation 
of 13 days has also been reported by Liller et al." 

We have observed $8433 between April 1979 and May 1980 
with various instruments, mostly from the Cabezon Obser- 
vatory, Tenerife, using the 1.5-m IR flux collector. At Tenerife, 
most of the data were obtained at VJHK with the Leicester 
photometer or Hatfield polarimeter/photometer, which use the 
same InSb Dewar and photon counting systems. Additional V 
points were obtained at Tenerife with the RGO travelling 
optical polarimeter/photometer. Further JHK data were 
obtained at the AAT in Australia and at Ukirt in Hawaii. This 
collection of data has been supplemented with other published 
datat ë. 

All these data are presented in Tables 1-3 but here we mainly 
confine our discussion to the more abundant data in Table 1. The 
JHK measurements have been combined to produce Fig. 1 
which shows the remarkable constancy of the IR colours. This is 
just as expected for free-free emission'**°. 

The J data in Table 1 have been folded at trial periods in the 
range 0.1-50 days using the technique of Bopp etal.” to find the 
most likely period. This method is appropriate to a small sample 
of data containing large and irregular gaps in temporal coverage. 





Table 2 V Photometry of $8433 
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JD V £AV 
4007.674 13.64 0.08 
4012.676 13.86 0.03 
4014.660 13.59 0.02 
4101.563 14.24 0.02 
4103.375 13.67 0.02 
4107.500 13.55 0.02 
4108.479 13.86 0.02 
4109.458 13.95 0.02 

4131.396 14.00 0.02 
4132.382 13,98 0,04 
4133.344 13.95 0.03 
4134.354 14.01 0.02 
4139.350 13.78 0,03 
4140.350 13.71 0.03 
4141.351 14.00 0.02 
4142.344 14.12 0.02 
4143.354 14.13 0.02 
4149.417 14.60 0.10 
4150.375 14.46 0.08 
4151.438 . 14.37 0.07 
4152.344 14.04 0.05 








Fig. 1 J-K (+) and J~H (+) colours 
plotted against J magnitude for 
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Fig.2 An analysis of the J data for periodicities (Bopp et al.*'). Sharp dips 
indicate periods of interest and the vertical scale is logarithmic {$ = ZAM ). 


The results are shown in Fig. 2, and there is no indication of a 
13.1-day period. This may be confirmed by folding the data at 
this period; no reasonable light curve results. 

Originally Giles” reported smooth JHK light curves for a 
period of 11.8+0.05 days, possessing two minima, the broader 
one being used to define the ephemeris 


1979 August 14.26(+0.5) UT+11.8E 


This ephemeris was used to predict the occurrence of the 
possible narrow ‘eclipse’ feature”? which was then apparenyy 





Table 3. B, I Photometry of S8433 


JD. B +AB 
4012.676 18.42 0.06 
4014.660 15.20 0.04 
4015.640 15:27. 0.04 
4150.375 16.18 0.22 
4151.438 16.03 0.18 
4152.344 15.70 0.25 

JD I +å 
4096.375 - 9,26 0.30 
4097.458 10.16 0,20 
4098.396 10.76 0.40 
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depth are e uitercbedly variable. The dip around 11.8 
days from the Bopp analysis of Fig. 2 naturally produces a 
reasonable light curv 
Figure 3 shows the resulting J light curve. The apparent 





` smoothness of this curve is somewhat less than that evident for 


the first attempt”? now that more points have been added. S8433 
may well have s variability over long time scales in addition 
to that caused by any binar: / ened modulation. 















0.0 0.4 o8 1.2 
Phase 
Fig. 3 J ligtit curves for the data folded at 11.8 days. 


We note that the photometry by Glass (personal com- 
munication) agrees with our range of intensity and colour varia- 
tion but is not entirely consistent with our possible period. Such’ 


differences may prove important when a much larger data base is 
available if they can be related to the 164-day period. Itis clearly 


important that the existence or otherwise of this 11.8-day period’ 
should be demonstrated over the coming summer. This will best. 
be achieved by ~3 weeks of complete coverage rather than by 


folding irregularly spaced short data sets. The limited optical 
data we have obtained shows no periodicity so we are unable to 


comment on the 6.45/12.9-day period reported by Kemp eral. 2 


or the 12.8-day period of Gladyshev et al.‘ 

Given the unprecedented nature of $8433 it does not seem 
inconceivable that the source should have two periods, only one 
or even neither of which is a true orbital period. S8433 will 


clearly repay further detailed photometric study. Observations: 


of any modulation in the X-ray flux or low-energy cutoff would 
be of special interest. 

We thank D. J. Axon and D. A. Allen for use of their data and 
ES. Glass for communicating his results and | helpful discussion. 
= We thank the. SRC. for funding. 
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Ultrasonic imaging in 
scanning electron microscopy 
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A new type of microscopy is described here which uses a 
focused, modulated electron beam to generate ultrasonic waves. 
at the front surface of a specimen and a piezoelectric transducer — 
to detect these waves at the rear surface. The transducer output 
is used to form a scanned, magnified i image of the specimen. A 
unique feature of this technique is tha‘ image contrast comes 
primarily from spatial variations in thermal and elastic proper. 
ties. Images of integrated circuits have been obtained with 
~4 um resolution. In thin film peenaa ‘O.1pm resolution 
should be possible. 

This mode of ultrasonic imaging in scanning electron micros- 
copy is called electron- acoustic micrescopy in analogy with 
photoacoustic microscopy’ in which a laser is similarly used to 
generate acoustic or ultrasonic waves by thermoelastic expan- 
sion. An advantage of electron-acoustic microscopy is that the 
electron beam can be focused to a much smaller spot than is 
possible with visible light; and with proper attention to problems 
of electron beam spreading within the specimen, this can lead to 
improved spatial resolution. Although the present experiments 
have used 6 MHz beam chopping and 1 um spot size, GHz 
chopping® could be used with a more finely focused electron 
beam to obtain ~0.1 pm resolution in thin film specimens. Only 
slight modifications to a commercial scanning electron micro- 
scope are needed to chop the electron beam at MHz rates. 
Secondary electron images can be recorded as well as electron- 
acoustic images, permitting easy comparisons of microscopic 
features revealed by the two different techniques. Electron- 
acoustic images can be NENE at normal SEM scan rates, 











Table 1 Contributions of beam eae dg and of thermal diffusion 


arl to the effective source diameter D 








*A 30 keV incident electron bèin of diaineter fe = 1 (prs. s chopped . 
at w/ 2m = §6MHz for thick specimens of Au. Cu, Al, and Si, All values 
are given in micrometres. 


Major components of the electron-acoustic microscope are 
indicated in Fig. 1. Electrostatic deflection plates were located 














surface of «threaded metal ae as in = 1b, rod: the spe j 
to be examined was bonded onto the top of the ais ane 
connected to earth through it. The transducer output, after 
amplification, rectification and black level suppression, 
controlled the intensity of the display cathode-ray tube. 
Electron-acoustic images obtained with the beam striki 
either an aluminium plug (Fig. 1b) or the upper electrode: of 
transducer (Fig. 1c) consisted of irregular arrangements 
bright and dark patches of about 0.5 mm size, whieh m 
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about as the frequency was swept +25 kHz. This contrast must 
have resulted from interferences involving reflected acoustic 
waves. Because the instantaneous transducer output is propor- 
tional to the average normal compression of the crystal, 
considerable cancellation is expected to occur for either of these 
arrangements. 

Using a plug made from Invar, a low thermal expansion 
(a<2x10~°) alloy, instead of Al (a =23x10 °), greatly 
reduced the signal strength. A composite Invar-Al plug was also 
examined; electron-acoustic and secondary electron micro- 
graphs are shown in Fig. 2a. In the electron-acoustic micrograph 
the Invar is dark and the Al is covered with bright patches. These 
results are consistent with the contrast between Invar and Al 
being caused primarily by the larger thermal expansion of Al. 

Electron-acoustic and secondary electron micrographs of Fig. 
2b show a small area of an integrated circuit chip. In both 
micrographs the Al conductor lines are bright and the Si sub- 
strate, partially covered with silica, is dark. The contrast in parts 
of the secondary electron image is due to variations of the 
thickness of the silica, but this contrast is not so visible in regions 
covered by conductor lines. However, in the electron-acoustic 
image the brightness of the conductors and of the substrate is 
reduced over steps in the silica. 

The resolution of such electron-acoustic micrographs is 
essentially the diameter of the region in which elastic waves are 





_- Metal plug 





Transducer 


Fig. 1 Major components of the elec- 
tron-acoustic microscope (a); and cross- 
section sketches of the transducer 
assembly, with the crystal bonded to the 
bottom of a metal plug (6), and without 


— Transduce 
es the metal plug (c) 


produced by periodic electron beam heating and is determined 
by (1) the incident beam diameter dp, (2) the extent of beam 
spreading in the specimen ds, and (3) the thermal diffusion 
length dr. For the present experiments d,~1 um, including 
degradation caused by beam chopping. The penetration and 
spreading of the electron beam depend on accelerating voltage 
and on specimen composition and thickness. Values of ds in 
Table 1 are estimates for thick specimens calculated with the 
simplified energy loss expression’ 


ds(um) = E}**/10p (1) 


where p is the density (g cm~”) and Eo is the incident electron 
energy (keV). Together, dp and ds determine the size of the 
region of energy disposition. Thermal diffusion further enlarges 
the source size by about the thermal diffusion length dy = 
(2K/pCw)'’*, where K is the thermal conductivity, C is the 
specific heat, and w/27 is the frequency“. Values of dr for 
several materials are given in Table 1, together with resulting 
estimates of total effective source diameters 


D = (d +d} + dł)” (2) 


This form of summation is commonly used in electron optics to 
estimate the effective beam diameter resulting from various lens 
aberrations (see, for example, equation 11 in ref. 9). For our 


Fig. 2 Electron-acoustic (top) and 
secondary electron (bottom) micro- 
graphs: a, Al rod in Invar plug, scale bar, 
0.5mm; b, integrated circuit chip 
(arrows indicate steps in silica), scale 
bar, 10 um; c, Cu grid on Cu plug, 
scale bar, 0.1 mm; d, hole in Al plug, 
scale bar, 0.5 mm. 
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experimental conditions, -electron-acoustic micrographs are, 
therefi xpected to have resdlutions of 3-6 um, that is, much 





smaller than the ` wavelength A =1mm for longitudinal acoustic 


waves. 


and propagation. of ultrasonic waves. For simple cases of elastic 
_ wave generation. by transient surface heating, White has shown 
that the stress mplitude for a given absorbed power density is 
i aieah to r> Ba pees ae . where B is the bulk modulus’. 















ust ages of fon 2a,b. 
“Although contrast for flat, homogeneous specimens seems to 
depend mainly on ¢, under some circumstances other factors are 
_also important. Thermoelastic expansions produced by the 
chopped electron beam are more effective in producing 
< ultrasonic signals when they are well matched to the frequency 
~ and spatial characteristics of normal vibrational modes of the 
‘material being examined. For example, flexural modes of the 
13-ym thick Cu grid in Fig. 2c are more efficiently excited than 
are vibrations in the copper plug to which the grid is glued. 
Although acoustic signals passing from the grid through the plug 
to the transducer are somewhat attenuated in the glue bond, the 
_ average signal from the grid is stronger than that from the plug. 
_ The bright spots on the electron-acoustic image are the anti- 
nodes of the 6-MHz normal mode pattern. 

An example of contrast from subsurface features is konni in 
Fig. 2d. The specimen was a 6-mm high Al plug with a 1.6-mm 
diameter hole intersecting its upper surface at 6.5°. Only the exit 
hole is visible in the secondary-electron image. However, in the 
electron-acoustic image a collection of bright spots of high 
acoustic signal strength follow the course of the hole until it 
reaches a depth z ~ 0.1 mm below the surface, about 20 times 
the source depth D, = (d¢+d+)'*. The magnitude of thermo- 
elastic expansion will not be affected by subsurface features 
which are well below this source depth. The subsurface hole is 
seen in the electron-acoustic image mainly through its effect on 
the propagation and interference of ultrasound. However, 
sensitivity to subsurface features at depths z > D, is expected to 
be poor in the present experiments, because the acoustical 
wavelength A is much larger than the source diameter D, 
producing a strongly diverging acoustic wave. Subsurface sensi- 
tivity and resolution should be improved by using a much higher 
frequency so that A « D. 

These results indicate that electron- acoustic microscopy can 
be used to examine some thermal and elastic properties of solids 
on a truly microscopic scale. This capability should be parti- 
cularly useful in studies of defects and inhomogeneities in 
amorphous solids and in investigations of biological materials. 
Examination of specimens which are susceptible to electron 
beam damage ı may require using lower accelerating voltages and 
| coating specimens with thin, electron opaque films. 
Support from the SRC and from Churchill College i is acknowl- 
“ ded. Dr W. C. Nixon provided guidance on electron beam 
‘deflection methods. Dr G. J. Curtis, AERE Harwell, provided 

advice and equipment for detecting ultrasonic signals. I thank 
Drs L. M. Brown and A. Howie for valuable suggestions. | 


` Note added in proof: Examples of lower resolution electri: 
acoustic images at 100 kHz have recently been reported ™. 
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Attempts to polymerize hexachlorocyclotriphosphazene 
(PNC); by high-energy irradiation methods in the solid state 
have failed to give a significant amount of the polymer. We 
report here that (PNCI,); crystals can be polymerized quite 
easily when exposed to a low-pressure radio-frequency plasma. 
The polymerization takes place almost s neously with the 
plasma-exposure. The monomer conversic SPEY 
plasma power as well as plasma-duration. The pro 
white, rubber-like material having a similar pearance to the 
elastomer obtained by thermal polymerization. The IR spec- 
trum shows the same backbone structure as that obtained by 
thermal polymerization. It has also been found that post- 
polymerization takes place at elevated temperatures following a 
brief exposure (1-5 min) of plasma onto phosphazene crystals. 
During the past decade, the chemistry of poly(phosphazene) 
has undergone significant development, following the demon- 
stration that (PNC), could be polymerized thermally to a 
soluble high polymer’ and the chlorme atoms substituted by 
various organic groups’. The presence of phosphorous and 
nitrogen in the backbone of these polymers causes the wide 
range of physical and chemical properties and their high 
temperature resistance’. 
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Fig. 1 Monomer conversion versus plasma duration for the 

polymerization of (PNCI,); at different power levels. Plasma 

power: ©, 110W, Q, 90W; x, 70W; 0, SOW. The plasma was 
sustained at 0.1 torr ‘and room temperature. 





(PNCI,); is usually polymerized by heating the molten 
monomer in vacuo at temperatures of 250-300 °C for 1-2 days 
(ref. 4). Below these temperatures, monomer conversions of 
only a few per cent conversion per day are observed. An 
attempt* to polymerize this cyclic compound in the solid state by 
y-radiation has failed to give any significant amount of polymer 
at dosages, up to 10°~10* rad. Irradiation by 4-MeV electrons 
with a dose of 10° rad at ~70, 25 and 120°C in vacuo gave only 

1-2% of an insoluble product, in spite of the high dose”, The 
only example of solid-state polymerization of (PNCI,), is that 
observed using 50 keV X-ray radiation’. A maximum of 160% 
conversion of the monomer to an elastomeric polymer was 
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Fig. 2 IR spectra of (PNCl2)3 (a) and polymers obtained by 


thermal polymerization (260°C, 15 h) (b), and plasma exposed 
polymerization (110W, 30 min) (c). 


observed when the monomer was maintained near the 
melting point (114 °C) and irradiated for 40 h at a dose rate of 
1.2 Mrad h`. n 

We have now found that (PNCL); crystals can be polymerized 
quite easily when exposed to the effects of a low-pressure 
radio-frequency plasma. Plasma exposure was carried out on 
sublimed (PNCI,); crystals (Nippon Seika Chemistry 
Incorporated) placed in a glass ampule which was inserted 
between a pair of parallel-plate electrodes connected to an 
RFG-200 radio-frequency generator (Samco International 
Incorporated), operating at 13.56 MHz. The ampule was 
evacuated and a room temperature glow discharge was initiated 
in the phosphazene vapour remaining in the ampule. Following 
plasma-exposure, the samples were washed thoroughly with 
n-hexane to remove any unpolymerized material. 

The polymerization of phosphazene takes place quite rapidly 
on plasma exposure, and the monomer conversion increases 
with the plasma power as well as the plasma-duration (Fig. 1). 
An oily product is formed in the very initial stage of the 
polymerization. The final product, however, is a white, rubber- 
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Fig. 3 The effect of time on the postpolymerization of (PNCIy)s. 

Plasma power, 110W; plasma duration and temperature of post- 

polymerization: ©,°5 min, 220°C; @, 5 min. 180°C; ©, 5 min, 
140°C; 0, 1 min, 180°C; x, no plasma, 220 a 
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like material having a similar appearance to the elastomer 
obtained by thermal polymerization. Figure 2 shows IR spectra 
of the phosphazene polymers obtained by plasma exposure and 
thermal polymerization, and demonstrates that the same back- 
bone structure is obtained by both polymerization methods. 
Cross-linking might occur through labile chlorine atoms during 
the plasma exposure, because the observed chlorine content in 
the polymer decreased slightly, relative to that in the monomer, 
and a new absorption band attributed to P-O bond appeared 
near 1,040 cm™'. Postpolymerization has been found to occur at 
elevated temperatures following a brief exposure of the phos- 
phazene crystals. As shown in Fig. 3, (PNCl2); exposed to a 
plasma for 1 or 5 min undergoes postpolymerization up to 
certain level at 180 or 220 °C, whereas no polymerization takes 
place in these conditions for (PNCI,); without plasma exposure. 

A mechanism for the polymerization of (PNCI,); under the 
effects of a low-pressure plasma has not yet been determined. 
Thermal polymerization is considered to be a minor component, 
however, as extensive polymerization takes place when the gas 
temperature in the plasma was maintained below 160°C or the 
phosphazene crystals were kept at temperatures as low as 
~—20 °C. | | caer 
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Most marine and terrrestrial organisms and aquatic sediments 
contain sterols with an alkyl group at C-24. Assignment of the 
configuration at this position has important biosynthetic, 
taxonomic and geochemical implications'~*; for example, it is 
required to elucidate biosynthetic pathways responsible for 
alkylation'”, and to reveal sources of sterols in species where 
there is no de novo synthesis** and in recent sediments’. 
Similarly, routine separation of the C-24 isomers of steranes in 
sedimentary rocks (formed from sterols present at the time of 
deposition) should provide information on the nature of the 
contributing organisms and the isomerization reactions thought 
to occur in steranes with increasing depth of burial and the 
associated temperature rise”. Using an extension of gas 
chromatographic (GC) methods applied previously to the 
separation of stereoisomers of acyclic isoprenoid acids’ and 
alkanes'°, we report here (1) the complete separation of (24R)- 
24-methyl-Sa-cholestane (I) from its C-24 isomer (Il in Fig. 1), 
the partial separation of (24R)- and (248)-24-ethyl-5a- 
cholestane (III and IV), (2) the application of these separations 
to a study of the C-24 configuration in the steranes of a sedi- 
mentary rock and a petroleum and in those from reduction of the 
sterols of a marine coccolithophorid, and (3) similar separations 
of the corresponding 38-OH saturated C,, and Czy alcohols as 
acetates (stanol acetates). . 

To date, assignment of the C-24 configuration in steroidal 
compounds has relied on X-ray crystallography”, differences in 
melting points'’, optical rotation measurements ™"? or chemical 
shifts in `H nuclear magnetic resonance (NMR) spectra’*. These 
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, methods typically require a few E of the iso 
compound and their application to studies of the compone 
small quantities of complex mixtures is limited. Sa 
Chromatographic separation of C-24 isomers of sterols or 
steranes has proved difficult'*’’. The only report describes 
partial separation of milligramme quantities of (4R) 2A 
methyl-5a-cholestane (I) and its 24S isomer (II) on alumina’? 
In these conditions, previous separation of coeluting steranes is is 
required’. Figure 2a shows the partial chromatogramofa50:50 = 
mixture (quantitated accurately by spiking with 5e- and SB E 
cholestane) of (24.R)- and (24S)-methyl-5aæ-cholestanes ((1). 
(ID) obtained with a Carlo Erba Fractovap (series 2151) 
chromatograph fitted with a 100m x 0.24 mm. glass column, 
roughened and deactivated by the barium carbonate technique 
of Grob et al.'’, and coated statically” with a dichloromethane 
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Fig. 2 Partial gas 
chromatograms of: æ, 
50:50 mixture of Q4R)- 
and (248)-24-methyl-Sa- 
cholestanes; 6, 50:50 
mixture of (24R)- and 
(248)-24-ethyl-5a-chol- 

estanes; c Green River 
_ shale branched and cyclic 
alkanes; d, thiourea 
adduct of Rozel Point 
crude oil branched and 
cyclic alkanes: e, thiourea 
t of Rozel 
t crude oil branched 
and “eydic alkanes; F 
steranes from reduction of 
the free desmethylsterols 
of E. huxleyi; and g, Sae 
stanols {as acetates} from, 
a recent sediment. (For 

conditions, see text.) 
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solution of diethylene glycol succinate (DEGS) and poly- 
ethylene glycol succinate (PEGS) (75:25; wt: wt) to produce a 
0.06 um film; H, was the carrier gas (2.3 kg cm” back pressure 
~7.5 cm? min`’); the oven was programmed from 40 to 160°C 
at 4°C min™ and then maintained at 160°C. Figure 2b shows 
partial separation of a 50:50 mixture of (24R)- and (24$)-24- 
ethyl-Sa-cholestane ((IH) and (IV)) (quantitated as above) in 
the same conditions. Elution orders were established in both 
cases by co-injection, with (II) and (IV) respectively, and 
amounts injected were 5-15 ng of each component. Although 
both standard mixtures comprise equal amounts of the two 
isomers, the peak heights are not equal. This is most apparent 
for the ethylcholestanes (Fig. 2b) where there is a contribution 
to the second eluting 24R isomer peak from the first eluting 24S 
isomer. The areas of the two methylcholestane peaks are equal 
so the first eluting 24S isomer peak is slightly broader (Fig. 2a). 

The method has been used to separate the steranes in samples 
of the Green River shale (Colorado, Eocene) and Rozel Point 
crude oil (Utah, unknown age), as the C-24 stereochemistry of 
certain steranes has been assigned previously by 'H NMR’. 
Steranes whose nuclear and C-20 stereochemistry differs from 
that of the presumed precursor sterols have been reported from 
sedimentary rocks and petroleum’*’’, but discussion is limited 
here to those which are isomeric at C-24 and which have the 
same configuration as the original sterols at all other chiral 
centres (that is, 5a, 88, 9a, 14a, 17a(H), 20R). GC analysis of 
the branched and cyclic alkane fraction from the shale sample 
indicated a 75:25 mixture of (24S)-24-methyl-5a-cholestane 
(II) and the 24R-isomer (I), and a 75:25 mixture of the 24S Ca 
sterane (IV) and its C-24 isomer (III; Fig. 2c). These ratios are 
the same as those obtained independently by 'H NMR’. The 
branched and cyclic alkane fraction of the crude oil was too 
complex for analysis without further fractionation and was 
subjected to thiourea adduction (twice)*'. As expected”, the 
24-ethyl-5a-cholestanes were essentially not adducted, whereas 
24-methyl-5a-cholestanes were almost completely adducted. 
GC analysis of the adduct and non-adduct showed, as deter- 
mined previously by 'H NMR, the 24-methyl- and 24-ethyl-5a- 
cholestanes to be present in 50:50 mixtures of 24R abnd 24S 
epimers (Fig. 2d, e) when compared with the mixtures of the 
standards. Adduction of the standards revealed no detectable 
fractionation at C-24, 

Thiourea adduction is required for the analysis of the steranes 
of most shales and oils. The non-adduct is, however, sometimes 
too complex for direct GC analysis of the C-24 configuration in 
24-ethyl-Sa-cholestanes and problems of co-elution with other 
components are occasionally encountered in evaluation of the 
24-methyl-S5a-cholestanes in the adduct. Analysis of the 24- 
methyl-Sa-cholestanes (in conditions of partial separation) from 
a suite of Toarcian shales from the Paris Basin shows a pref- 
erence for the (24S) isomer (60: 40 in favour of 24S) in samples 
with a mild thermal history, which is lost on increased burial 
depth’. The preservation of a preference for 245 components in 
those shales with a mild thermal history may relate to the sterols 
of the source organisms. Most algae and fungi seem to produce 
24B (24S where the side chain is saturated) sterols, whilst most 
higher plant sterols are 24a'*. However, there are exceptions 
and plants can contain both configurations”>”*. 

The C-24 stereochemistry in sterols is related to alkylation 
reaction mechanisms'**. Biosynthetic, taxonomic, and marine 
studies would clearly benefit from a routine method of separat- 
ing C-24 isomers and which could be applied to the small 
quantities of complex mixtures commonly encountered. Hydro- 
genolysis/hydrogenation of two sterols, (24S)-24-methyl- 
cholesta-5,22E-dien-38-ol and (24R)-24-ethylcholesta- 
5 ,22E-dien-38-ol, by bubbling H, through a suspension of the 
sample (~50 yg) and PtO, (1 mg) in glacial acetic acid (5 cm’*) 
containing perchloric acid (1 drop) produced (after 4 h) yields of 
~60% of sterane. The 5a-stanol acetate (~20%) and the free 
Sa-stanol (~20% ) were also produced, but no unreacted sterol 
was recovered. GC analysis of the steranes showed evidence of a 
small extent of isomerization during the reaction, and a ratio of 
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4,2-4.5:1 of the two C-24 isomers in favour of the original 
configuration was observed. This minor extent of isomerization 
has already been noted by 'H NMR analysis of the products of 
hydrogenation of certain sterols’’. No isomerization was detect- 
ed when sterols with no side chain double bond were hydro- 
genolysed/hydrogenated. 

The technique of analysis of the steranes resulting from 
hydrogenolysis/hydrogenation has been applied to the study of 
the major free sterol of the microscopic marine coccolitho- 
phorid, Emiliania huxleyi, family Gephyrocapsaceae**. This 
ubiquitous marine alga?” has given rise to extensive calcium 
carbonate (coccolith) deposits in many deep-sea areas, including 
the Black Sea”. It is remarkable in that it biosynthesizes a novel 
carotenoid, 19’-hexanoyloxyfucoxanthin”®’ and C37—C3, straight 
chain alkenes and alkenones which are abundant in many 
sediments*'**. Gas chromatographic/mass spectrometric 
analysis of the free desmethylsterol fraction as the TMSi ethers, 
using conditions described previously®, showed 24-methyl- 
cholesta-5,22E-dien-3B-ol as the major component. The frac- 
tion was hydrogenolysed/hydrogenated as above and similar 
products and yields were obtained. Without purification, the 
products were analysed by GC on DEGS/PEGS and (24R)-24- 
methylcholestane and (24S8)-24-methylcholestane were found 
to be present in the ratio 4.3: 1 (Fig. 2f). The major free sterol of 
E. huxleyi is, therefore, (24S)-24-methylcholesta-5,22 E -dien- 
3B-ol (V that is, 24a). 

The latter isomer is the same as that produced by the diatoms, 
Phaeodactylum tricornutum’® and Nitzschia closterium*’, and it is 
interesting that the fatty acid composition of E. huxleyi is also 
similar to those of the diatoms™*. Phytoflagellate** Ochromonas 
spp. (Chrysophyceae) produce sterols with the opposite C-24 
configuration to that in E. huxleyi’ and such differences may 
be useful in the classification of many such microscopic algae, 
which can be difficult’®. 

Attempts to avoid the reduction step and extend the method 
to the direct examination of steroidal alcohols have been partly 
successful. Partial separations of Ca and Co stanol acetate 
isomeric pairs were obtained (Fig. 2g) after elution times ~9- 
10h (conditions as above, but programming from 40° to 
—190 °C at 4 °C min’), but no separation of A’ steryl acetates 
isomeric at C-24 has been achieved. 

The examples described show clearly the value of the tech- 
nique in (1) the study of the sterane distributions of sedimentary 
rocks, and (2) structural studies of sterols in organisms. These 
preliminary results also suggest that the approach will be useful 
in assigning the input sources of sterols in sediments. Many of 
these samples contain complex mixtures with varying degrees 
and positions of unsaturation, and fractionation by argentation 
thin layer chromatography” before reduction should prove 
useful. Definition of the sources of sedimentary sterols also 
requires routine determination of the C-24 configuration of 
sterols biosynthesized and/or incorporated by a variety of 
individual organisms and the GC approach should allow rapid 
screening of small quantities of complex mixtures. 

We thank NERC (GR3/2951 and GR3/3758) for GC/MS 
facilities, Drs L. J. Mulheirn and G. Ryback for donating 
steranes and Rozel Point alkane fraction, Mr P. A. Comet for 
the stanol acetate mixture, and Dr A. M. K. Wardroper for 
helpful discussions. A.S.M. also thanks the SRC for a Student- 
ship and J.K.V. gratefully acknowledges support from NERC 
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Thermoluminescence (TL) isa well-established archaeological 
dating’ technique but the most common mineral in volcanic 
rocks, plagioclase feldspar, is affected by ‘anomalous fading’ 
which prevents its use for dating lava flows. We describe here 
how the a contribution to annual dose rate is calculated. 
Plagioclase ages are compared with those obtained by 'C, 
K-Ar and TL dating on quartz. Our samples come from the 
Chaine des Puys (Massif Central, France). We conclude that TL 
is a promising tool for dating continental lava flows i in the range 
3,000-300,000 yr BP. 

The intensity of light emitted during thermal stimulation of a 
mineral is related to the radiation dose it has accumulated since 
its last heating (palaeodose). A basic assumption that the 
electronic trapping states responsible for the TL emission are 
stable. A routine check, the ‘plateau’ test, consists of plotting the 


ratio of the natural TL to the increment of TL induced by a 


laboratory-added radiation dose (artificial TL, ATL) against 
temperature; a constant value must be reached above a certain 


temperature. However, as shown by Wintle?, most volcanic — 


plagioclases do not have a plateau in the usual temperature 
range of study (620-720 K). Thus, the maximum ages obtained 
by TL are too small by as much as an order of magnitude. This 
effect was attributed to a spurious loss of electrons from their 
traps in the 620-720 K temperature region where the mean life 
of charge carriers should be larger than 10° yr. Bailiff’s? has 
made promising attempts to avoid anomalous fading using 
phototransfer. 

The study of high temperature TL emission (700—1,000 K) of 
plagioclases is restricted to the UV spectrum because having to 
cut off the black-body thermal emission necessitates using a 
thick glass UV filter. In such conditions, we have already 
Aantal that glow peaks might be unaffected by anomalous 
_ fading. 
= Figure 1Aa shows the natural TL glow curve of a Labrador 
aliquot (from Olby flow); Fig. 1Ab is the glow curve obtained 
when a 16 krad dose is added to another aliquot of the same 
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induced by the added dose is plotted in Fig. 1B. ° ‘here is: no 


“plateau but a tendency for stabilization above 850 K which 


. “indicates the onset of a region of different behaviour. As already 
14. Rubinsteiii, b, ;Goad, l i, , Clague, A.D, H. & Mutheirn, L. J. Phytochemistry 15, 195-200 


described for quartz’, we try to eliminate the lower temperature: 
TL emission by preheating. Figure 1C shows the plateau test in 
different conditions of preheating. Figure 1 Ce (850 K, for 1 min). 
is rather flat which indicates that the remaining glow peak is a 
constant function of temperature. 
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Fig. 1 A, TL glow curves | i 
16 K. B, Plateau test of OF 


Saint-Saturnin preheated plagioclase: a, 1 mi 
J81 K; ê, i min. 832 Ki 





To check for pa er fading we e é apparent 
dose remaining after one year of storage of a lava sample from 
the Olby flow which had been previously heated to 960 K for 
4 h, cooled and y irradiated at 7.395 + 187 rad at low dose rate. 

The apparent measured dose ene rad agrees with the 
deposited dose. 

In such conditions there was no evidence of short-term fading; 
although these two arguments usually allow a mineral to be used 
for TL dating, they cannot be assumed on a géological time 
scale. Therefore, we studied lava flows of*known age from the 
Chaîne des Puys (Massif Central, France)°. 
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Table 1 a, U, Th and K content of the plagioclase samples; b, radiation properties of the plagioclase samples 


U Th K,O Palaeodose Supralinearity Da De D, 
a (p.p.m.)  (p.p.m.) (% ) b (krad) (krad) (mrad yr`') (mrad yr ') (mrad yr`') 

St Saturnin 1.70 6.18 1.75 St Saturnin 4.57+0.36 0.60 249.8 161.9 87.1 
Laschamp 1.77 9.10 2.14 Laschamp 15.6+ 1.20 0.40 177.1 193.5 108.2 
Puy Laschamp 1.90 6.85 1.78 15.6+ 1.20 2.30 212.5 165.0 91.9 
Olby 2.40 8.83 2.02 Olby 20.20 + 1.60 0.50 219.4 198.1 114.4 
Egaules 1.08 7.20 1.51 Egaules 20.15+ 1.00 2.70 65.6 136.3 77.9 
Montgreleix 1.73 6.28 1.63 Montgreleix 61.50+4.90 9.60 126.8 154.4 85.6 
Mazoires 2.00 7.00 1.59 Mazoires 79.50+8.10 Negligible 115.2 153.4 89.8 


TL measurements were done on plagioclases ranging from 
andesine to labrador, carefully extracted from the lava by gentle 
crushing, and separated by sieving heavy liquid and magnetic 
techniques. We selected a grain size of 80-125 um to remove 
finer microlites and to keep only the microphenocrysts. TL 
glows were measured with a glass filter (325 nm) which allows a 
maximum temperature of 1,100 K. The heating rate is generally 
5 Ks ‘to 10 K s`’, artificial irradiations were carried out with a 
'S"Cs y source (4.02 rads‘). After preheating, usually at 830 K 
for 1 min, the plagioclases all presented a single glow peak 
around 920 K (5 Ks‘, heating rate). 

The palaeodose is obtained by comparing natural TL with 
artificial TL, a supralinearity correction is included which results 
from a non-linear initial increase of the TL signal as a function of 
the dose (saturation curve). This correction is estimated from the 
second glow. Annual 8 and y dose rates are computed from 
U-Th and K contents, measured by y-ray spectrometry with a 
Ge-Li detector (Table 1a), using Bell’s data’. There is no grain 
size correction for B radiation from K because the internal K 
content measured with an EDAX electron-microprobe does not 
substantially differ from the average K content of the lava. The 
very small correction, <1% of the total dose, for the 8 radiation 
from U and Th families, is neglected. Because of the very high 
efficiency of a particles in the production of TL in plagioclases 
(about five times higher than quartz), the a contribution to the 
annual dose rate is important even when using a grain size of 
100 um. Indeed, the TL induced by a radiation may reach 
one-third of the total TL as shown in Table 1b where the 
palaeodose, supralinearity correction, and the annual dose rates 
for a, B and y radiation are given. 

a-dosimetry present problems mainly because of the short 
average range of a particles in matter. We must, therefore, 
know the repartition of the œ emitters in the middle where the 





plagioclase is naturally irradiated. With a resolution of several 
microns, comparable with the range of a particles, fission track 
mapping can represent U distribution in the lava. As seen in Fig. 
2 microphenocrysts of plagioclase and olivine near 100 um have 
alow U content. Hence the average U or Th concentration of the 
total lava does not accurately represent the actual concentration 
seen by the feldspar. As Th and U are strongly linked from a 
geochemical point of view, we can assume that their dis- 
tributions are not very different. Thus, a single figure will relate 
the concentration of U in the plagioclase to the concentration of 
U or Th of the total rock, for example No, the ratio of the 
peripheral fission track density to the mean density of tracks in 
the thin section. 

In the lava, a plagioclase grain is submitted to an omnidirec- 
tional flux of œ particles of various energies. To simulate this 
flux, we used calibrated laboratory a sources and vibrated the 
plagioclase grains so that they were irradiated in many positions. 
For each a particle, omnidirectional experimental œ flux was 
related to the equivalent y dose which would have produced the 
same TL; this is termed y(£). Up to an energy of 9 MeV, y(E) 
can be fitted by a straight line cutting the y energy axis at 
500 keV. The energy spectrum of a particles from U and Th 
families, when they are in secular equilibrium (which is checked 
by our spectrometry measurements) leads to global factors {u 
and m which relate the natural omnidirectional flux to the 
equivalent y dose: 


Emax dn 
i x(E} umd E 


Emax dn 
| qeummde 


Note that, while assuming y(£) to be linear, ¥uų is very close to 
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Fig. 2 Photograph of the thin 

section of St-Saturnin basalt and its 

fission track mapping. Ol, Olivine; 
Pl, plagioclase (Labrador). 
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x(3.06 MeV) and ĝ Xm to y (3.40 MeV). Then the contribution © 


the dose of a particles external to the grain can be written: 
D = No X¥mném+ Xudu) 


where fu. and X71, do not differ much. rm and dy are the 
omnidirectional fluxes, respectively, due to Th and U deter- 
minated for the total rock. Moreover, we do take into account 
the U (or Th) generally present inside the grain (<0.2 p.p.m.). 
The internal contribution to the dose can be written with a 
similar formula to that of the external a dose but the value of x iS 


obtained using a grain size of a few micrometres (fine grains. 


In general, the internal a dose rate contribution 
presents 25% of the a dose (8% of the total 


technique)”. 
approximat y 













Table 2 TL dated d plagioclase samples compared with conventional 


techniques 
| “ TE Conventional 
St Saturnin 8,980+1,150 7,880 + 350 sas Og 
| 8,100+ 1,100 TL (clay)? 

Olby 37,300 + 3,500 42,000 + 3,000 TL (Q) 

39,000 + 6,000 U-Th§ 
Laschamp 31,900 + 2,850 34,300 + 3,000 TL (Q) 

32,500 + 3,100 

Egaules 69,580 + 6,500 75,000 + 7,500 K~Ar|| 
Montgreleix 163,300414,500 175,000+ 13,000 K-Ar] 
Mazoires 215,800 +20,500 242,000 + 10,000 K~Ar|| 


* Revised from Pelletier et al.” using a 5,730 yr half life for "C. 

+ Revised from Huxtable and Aitken’. 

ł Revised from Valladas’? TL dating on quartz, with revised cali- 
bration of reference sources. 

§ Revised from Condomines 

| Revised from Gillot (unpublished work) K-Ar dating on mesostase; 
Egaules age is an upper limit. 


Finally, the estimation of the a dose rate is carried out with an 
accuracy not much better than 20%. 

When crushing the rock the plagioclases are fragmented 
which leads to an overestimate of y and an underestimate of the 
age. For example, if 30% of the 100 um plagioclases had an 
initial size of 200 um, the age obtained would be 4% too low” 
This correction has not been applied to the present data. 

Our first results are shown in Table 2, and compared with the 
ages obtained using more conventional techniques. The 
agreement of TL dated plagioclases is good and indicates that 
within our experimental error, +8%, there are no maser syste- 
matic errors. 

We conclude that high-temperature TL emission is not 
systematically affected by either anomalous fading or by thermal 
fading and can be used for dating volcanic flows. As saturation 
doses of plagioclases are around 400 krad, TL allows dating 
continental volcanics from 3,000 to 300,000 yr BP. 
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Although the Pleistocene glaciations continue to attract new 
explanations’~*, an early explanation ia terms of secular varia- 
tions of the Earth’s orbital elements, the M ilankovitch theory’, 
has recently gained considerable support “6 This theor predicts. 
insolation variations with periodicities of ~20,000, 40, O0 and 
100,000 yr. Its popularity is attributable mostly to deep-see 
sediment information on variations o° the: glaciation-sensitive 
*°O/"*0 isotopic ratio and the increasiagly convincing match of 
those variations to the Milankovitch climatic curves” 
Independently, land-based evidence is accumulating i in favour 
of the Milankovitch theory from raised coral terrace’, loess" 
and polien studies’. We discuss here evidence for the Milan- 
kovitch theory from a South Australian sea-level: record. 

In the south-east corner of South Australia, a beach ridge 
sequence extends approximately parallel to the present-day 
coast line for some 250 km. It is best developed between Robe, 
on the coast, and Naracoorte, 100 km inland, where eight ridge 
systems containing 13 well defined perallel beach ridges occur 
(Fig. 1). The sequence ranges in altitude from near sea level at 
Robe,to ~100 m at Naracoorte. To the east of Naracoorte the 
ridges become progressively, less well defined but remain 
recognizable for a further 200. km inland. Offshore from Robe 
there are at least two more beach ridges s representing low sea 
levels’*. Detailed drilling of the Robe-Na coorte sequence” 
has revealed that the ridges are composed. of cross-bedded 
calcarenite, with the lower part of the sequence: deposited in 
beach or near-beach conditions and the upper part in aeolian 
conditions. In general, the stratigranhy is consistent with a 
prograding coastal sequence developed on a slowly uplifted 
region, the beach Fridges representing successive high sea-level 
stands. Sprigg’*’*’® has argued thet the Robe~Naracoorte 
. vitch insolation curves are in good 
agreement, assuming that the sea-level variations were caused 
by melting of glaciers during periods: o hp insolation at ana 
northern latitudes. Sprigg apa ver, lackec 
a time scale based on biostr. ‘eraphic? or absolute ages. We en y w 
date the sequence by polarity reversal, and. use this age to test 
the Milankovitch theory. 

Ten of the best preserved ridges were hand sainpled awed 
Robe and Naracoorte (Fig. 1). The material was fine- to 
medium-grained calcarenite composed of a framework of fine 
abraded biogenic material, quartz, ard rare feldspar grains, ‘all 
coated to varying degrees with iror oxides. Opaque grains, 
particularly iron sesquioxides, were rare. The cement varied 
from sparite to microsparite. The sediments ranged from semi- 
consolidated to well consolidated and their colour varied from 
yellow to pale reddish brown. Obvious pedogenic modifications, 
such as colour mottling or pronounced calcretization, were 
avoided during sampling. Except for the initial work, when a 
Digico spinner magnetometer was used, all measurements were 
made with an ScT cryogenic magnetometer. Thermal demag- 
netization, usually at 50°C incremen’s, was used to analyse the 
remanence. Magnetic susceptibilities wer determined between 
heatings to monitor mineralogical changes. 
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Fig. 1 The beach ridge sequence in southeastern South Australia. 
Open symbols indicate sampling sites with normal polarity, closed 
symbols indicate reversed polarity sites. 


The NRM intensities ranged from 0.5 to 5 mA m”’. Generally 
two components of magnetization were observed: a relatively 
low blocking temperature component which was interpreted as 
partly a laboratory-storage effect and partly a recent-field effect, 
and a harder component that exhibited normal polarity for all 
samples (20) collected between Robe and the West Naracoorte 
ridge system, and reversed polarity at the East Naracoorte ridge 
system (Fig. 1). Figure 2 shows thermal demagnetization 
behaviour of samples collected from ridges adjacent to the 
polarity reversal. This polarity reversal marks the 720,000 yr 
Brunhes-Matuyama boundary” and provides, for the first time, 
an age constraint for the ridge sequence. The presence of 
reversed polarity at the East Naracoorte ridge system was 
confirmed by sampling at different localities across the ridge and 
along the ridge axis (nine samples). 

The measurements were complicated by an increase in 
magnetic susceptibility during heatings. This increase was asso- 
ciated with the generation of spurious moments and eventually 
led to a pronounced magnetic viscosity. In specimens where the 
onset of the spurious moments was delayed, a third stable 
magnetization component of very low intensity (0.1- 
0.2 mA m~’) and high blocking temperature could be isolated. 
This component showed random directions between different 
specimens prepared from the same sample. 

The most likely origin for the primary remanence is chemical, 
resulting from proce8ses such as dehydration of iron oxy- 
hydroxides and graingrowth of haematite beyond the critical 








superparamagnetic grain volume'*. A detrital origin for the 
remanence (DRM) is inconsistent with the high-energy beach- 
aeolian depositional environment of the sediments. A post- 
depositional origin (PDR) seems unlikely because the filling of 
pore space by the calcite cement would have displaced and 
misoriented any aligned grains in the matrix. The authigenic 
haematite occurs as pigment in the cement and as coatings on the 
surfaces of framework grains, and is related to the processes of 
reddening of dune sands. The hard component of remanence, 
characterized by random directions, apparently results from the 
rare unaligned detrital iron sesquioxide grains in the sediments. 
While acknowledging that pedogenic processes could overprint 
and, if sufficiently intense, destroy any Matuyama magnetic 
epoch remanence, we believe that the intermediate blocking 
temperature component represents the primary chemical 
remanence in the samples collected. The absence of obvious 
pedogenic modifications, such as colour mottling, in the material 
selected for palaeomagnetic work, suggests that such processes 
are not significant. The effects of continued graingrowth, post- 
dating the Brunhes~-Matuyama reversal, are more subtle and 
remain problematic. 
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Fig. 2 Remanence directions in beach ridges adjacent to the 
Brunhes-Matuyama reversal boundary. The diagram shows 
thermal demagnetization behaviour of seven samples at 100°C 
increments commencing from NRM. The arrows indicate direc- 
tions of increasing heat treatments. Solid symbols correspond to 
positive inclinations, open symbols to negative inclinations. 
Samples 1-4 are from two different sites in ridge system 9; samples 
5 and 6 are from ridge system 8;.and sample 7 is from ridge 7b. 


There was probably a time lag between ridge formation and 
the acquisition of chemical remanence. This time lag would have 
to be added to the Brunhes—Matuyama reversal date to obtain the 
true age of deposition. In Victoria, siliceous dunes redden down 
to 2m depth within 20,000 yr of deposition. However, more 
calcareous dunes seem to take significantly longer, possibly 
of the order of 30,000 yr, for reddening to the same depth (ref. 
19 and J. Bowler, personal communication). Bearing in mind 
that chemical remanence is likely to be acquired before the final 
stage of reddening has been reached, we may expect the time lag 
between dune formation and acquisition of chemical remanence | 
to be <30,000 yr. Assuming a remanence acquisition time lag of 
30,000 yr, and a depositional time of 30,000 yr for the ridge 
systems (the average value estimated from the secondary ridge 
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` Fig.3 a, Section AB of Fig. 1 through the beach ridges. Ridges 2 and 8 are compound dunes. The Peacock Ridge, whichis not intercepted by the line 


AB, is shown by the broken outline. 6, Summer insolation in langleys day 


“Fat latitude 65° N relative to the 1950 AD values (after ref. 20). The stippled 


intervals indicate interpreted interglacial phases of the (approximately) 100,000-yr climatic cycle. Tentative correlations between ridges and 
insolation maxima are shown by interconnecting lines. c, Variations in orbital eccentricity (after ref, 20). 


spacings by linear interpolation between the centre points of the 
ridge systems which are assumed as a first approximation to be 
100,000 yr apart), the mean age of the West Naracoorte ridge 
system is estimated as 665,000-735,000 yr, depending on the 
exact location of the Brunhes-Matuyama boundary between 
those. two: ridge systems. From the surface expression of the 
ridges (Fig. 3) and from subsurface drilling information”, eight 
high sea-level ridge systems are recognized between Robe and 
. Naracoorte where the sequence seems best differentiated. 
_ Assuming that no major ridge systems are telescoped (that the 
uplift has been continuous, though not necessarily at an 
. absolutely constant rate), the average periodicity of the major 
: ‘ridge systems is obtained as 95,000-105,000 yr (~ 100,000 yr). 
A dominant. 100, 000-yr cyclicity has been found in other clima- 
tic records”'':'”, Most of the ridge systems contain more than 
one dune, suggesting the possibility of shorter-period changes in 
the sea-level record. 

A tentative interpretation. of the raised beach ridges in terms 
of Berger's?” modified Milankovitch insolation curves for lati- 
tude 65° N, and the dominant 100,000-yr cyclicity, is shown in 
Fig. 3. The interpretation is based on the assumptions that the 
ridges form only during high sea-level stands and that these 
occur at a particular phase of the 100,000-yr cycle. It also has to 
satisfy two time constraints: an interglacial (ridge-forming) 
phase at present, and at 700,000 yr BP (during the deposition of 
the West Naracoorte complex). The interglacial phases for the 
sequence are then derived as shown by the stippling in Fig. 3. 
Note first that the interglacial phases coincide with high-orbital 


eccentricities. This agrees with the oxygen isotope results’, but. 


© contradicts the Milankovitch theory that predicts eccentricity 
- dependence in the opposite sense*®, and finds only a minor 
eccentricity contribution to climatic variation. Second, with the 
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exceptions discussed below there. is a One-to-one correlation 
between the ridges and principal insolation maxima belonging to. 
the 100,000-yr interglacial. phases. Third, the subsidiary ridge 
spacings agree qualitatively with the time intervals between the 
insolation maxima: the narrow (3 km.avet age) spacings: cor- 
respond to 20,000 yr intervals and the wide- av 
spacings, to 40,000 yr intervals (we essume 
with other sea-level studies” oe rel 
tectonic uplift). © 2 a 

Problems with correlation occur in the 
Woakwine complexes, both of ¥ 
sansa ae ug p «ALS Vest 























with only the oldest of the three insat tió 
135,000-yr interglacial phase: evidence 
indicates that the high sea-level stands that: 
the two ouie sao of the e interglacial p 







pesca transgressions, cannot, therefore; 6 be expl 
Milankovitch theory. Aharon et al.“ have recently conside 
evidence for a non-Milankovitch see-level high at 120, 000 yr 
that seems to have reached the earliest high mark, and have 
proposed an Antarctic ice-surge”’ as the explanation. 

Finally, we note the relevance of the present results to geoidal 
sea-level changes. The geodetic sea level contains regional 
irregularities that are subject to change, and any significant 
geoidal variation would modify the > interpretation of sea levels in 
terms of glacio-eustatic changes’. Although, with the excep- 
tions noted above, the present results are consistent with 
Milankovitch’s predictions of climatic vAriation and do not 
require geoidal changes to be invoked, this does not rule out 
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significant geoidal changes that occur in phase with Milan- 
kovitch glacio-eustatic changes, nor major geoidal changes with 
periods in excess of 700,000 yr. 

We conclude that the South Australian ridge sequence 
contains components related to the Earth’s orbital elements. 
Except for the dominance of the 100,000-yr component and its 
phase relative to the eccentricity variations, the ridge evidence is 
consistent with the Milankovitch theory. 

We thank P. Aharon, J. M. A. Chappell, D. Denham, M. W. 
McElhinny and P. Wellman for comments. M.I. publishes with 
the permission of the Director, Bureau of Mineral Resources. 

Note added in proof: Recent geochronological results (D. A. 
Schwebel, personal communication) confirm the interpreted age 
of the Woakwine complex. 
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Palynologists utilize present-day pollen rain to interpret the 
climatic setting of pollen records from Quaternary deposits. 
Analogues are sought which relate the present with the past. 
Because climatic conditions at mid-latitudes during the Qua- 
ternary were diverse, often ranging from a tundra type at one 
extreme to a closed forest type at the other, a modern data set 
should cover the extremes of vegetation and climate expected 
during this time. For interpreting climatic. parameters from 
Quaternary pollen in land and marine cores, we calculated a pair 
of regression equations relating modern pollen rain from the 
Pacific coastal forest and tundra to mean July temperature and 
mean annual precipitation at a series of sites from the Aleutian 
Islands to northern California. We describe here how appli- 
cation of these equations to Quaternary pollen profiles from 
western Washington enabled us to quantify temperature and 
precipitation over the past ~80,000 yr. | 

Temperate coniferous forest is the outstanding arboreal 
vegetation along >4,000 km of the north-west coast of North 
America between northern California and southwestern Alaska 
(36-61° N)'*. In western Washington and southwestern British 
Columbia its leading constituents, western hemlock, Sitka 
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Fig. 1 Distribution of 59 composite sites on the north-west coast 
of North America showing where modern surface pollen was 
collected and the location of fossil pollen sites. 


spruce, and western red cedar, grow to their greatest propor- 
tions. Douglas fir and alder are widely distributed throughout 
this region chiefly because of disturbance. Southward into Cali- 
fornia, Douglas fir, pine and redwood rise in proportion in the 
communities, and a broadleaf sclerophyllous element, consis- 
ting notably of oak, tanoak, chinquapin and madrone, enters at 
the drier inland and southern limits of the forest. Northwestward 
in Alaska, the hemlock, spruce and cedar become mixed with 
other species, for example, mountain hemlock, Pacific silver fir 
and Alaska yellow cedar, which are montane-subaipine to the 
south. Lowland forest communities increasingly give way to 
muskeg and, at the same time, lose their complexity, so that on 
Kodiak Island and on the adjacent Alaska Peninsula, Sitka 
spruce alone forms the edge of the forest. Beyond this, westward 
to the Aleutian Islands, the forest is replaced by tundra, at first 
through an ecotone of shrubby alder and willow. 

Optimum conditions of the maritime climate of Washington 
and British Columbia cause the long. growing season and rich- 
ness of coniferous species that are characteristic of the Pacific 
coastal forest in this region. Precipitation annually averages near 
3,000 mm but decreases to 2,000 mm or less towards the 
interior; mean July temperature is ~14°C on the coast and 
~15°C inland”. Precipitation is heaviest in southeastern 
Alaska~—British Columbia and falls off to less than 1,000 mm in 
California and southwestern Alaska. July temperatures of 8~ 
10°C in coastal tundra rise by ~6° to ~16 °C in California. 

Modern pollen rain data are for surface samples from 178 
sites at <100 m in elevation located between Attu, furthest west 
of the Aleutian Islands in Alaska, and the vicinity of San 
Francisco in California. Data from the sites were consolidated in 
the form of 59 composite records (Fig. 1). This averaging process 
ensures that site data represent the broad features of the pollen 
rain’. Surface samples were mostly collected, and analysed by 
one of us (C.J.H.) to avoid inconsistencies in identification. 
Thirteen numerically important taxa selected for multivariate 
statistical analysis from 67 different kinds of pollen identified are 
pine, spruce, western hemlock, mountain hemlock, fir, Douglas 
fir, redwood, alder, birch, oak, grass, sedge and composite. 
Pollen values, percentages of the sum of the 13 taxa at each site, 
were row normalized and Q-mode, rotated principal 
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components (factor) analysed’. Four resultant pollen. factors, | 
which are basically monotypic and account for 93% of the data, . 


are western hemlock, alder, grass and pine. Although pollen rain 
has many sources of variation®’”, the vegetation of the north- 
west coast as it varies geographically is the dominant control 
underlying the distribution of the pollen factors. | 
. A stepwise regression relating the four factors to mean July 
-temperature and annual precipitation yielded a pair of transfer 
functions (Table 1). Temperature and precipitation data used in 
calculating the equations were interpolated from 10-yr averages 


(1968-77) of records from 43 meteorological stations. located. 
near sea level between Attu and San Francisco’. The western: 
hemlock and pine factors were found to be significant predictors 
of precipitation, and these along with the grass factor predicted. 
temperature. Alder predicted neither variable at the 5% level of | 


significance. The temperature and precipitation equations, 
< respectively, have standard errors of 13% (1.1°C) and 19% 
- (620mm). of the observed ranges. Plotting observed values 
against predicted values of temperature and precipitation show 
the residuals to be distributed normally. 


The: regression equations were applied to. fossil jollen: 
percentages (Fig. 1) obtained from a core taken ina bog in the _ 
Hoh River valley of western Washington and from a section of 


biogenic and alluvial sediments exposed in a seacliff some 23 km 


away near Kalaloch'*'”, Pollen derived from the Hoh-Kalaloch 


sediments provides a continuous data base for the past 
~80,000 yr. Chronostratigraphy is based on 14 1€ dates 
reaching ~16,000 yr BP in the Hoh core and 14 ‘C dates 


extending from ~16, 000 to >47,000 yr BP in the Kalaloch 


section. . 

The resulting c curve sot mean J uly temperature for the western 
Washington coast over the period of record shows a range from 
~10 to 15°C (Fig. 2). The modern mean of 14.5 °C differs from 


our best estimate of the actual mean by 0.3°C. The high 
frequency fluctuations in the Kalaloch values, which partly 


reflect changes in rates of sedimentation in a fluvio-lacustrine 
. complex, display two relatively warm intervals at ~60,000 and 
~30,000 yr BP and the most protracted cold interval during the 
late Pleistocene. This latter, beginning ~28,000 yr BP and 
continuing until ~13,000 yr BP, was abruptly terminated by a 


rapid temperature increase of 3°C. Amelioration continued 
until ~8,000 yr BP when temperature reached a maximum for 
all the time represented by the curve. Subsequent. cooling after 
8, 000 yr. BP seems to have been replaced only recently by a. 


warming trend that continues to the present. 


Application of the regression equation for mean annual pre- 


cipitation to the Hoh-Kalaloch pollen data resulted in a curve 
-With a range 1,300-2,400 mm (Fig. 2). The modern annual total 
_ js 600 mm less than that measured nearby but is within the error 









“of estimation. Principal features of the curve are the direct 


| relationship shown with temperature during the Pleistocene and 
the inverse relationship during the Holocene. The pervasive, 
relatively moist intervals, mostly between 2, 000 and 2. 400 mm, 
of the first 50,000 yr of record were replaced ~28,000 yr BP by 
an ext ended dry interval. Except for a brief peak i in precipitation 
of 2, ,200 mm at ~18, 000 yr BP, values were on the whole 








Table 1 Transfer function equations for the north-west coast of North 





America — 
Regression 
Variable (factors) coefficient 
Equation NWNA-1 (July temperature) 
Xq- grass —~$.00737 
| Xi «=. western hemlock — 3.40429 
> ae pine x pine _-~7.62694 
X; pine  —6.34598 
Intercept 15.02636 
- Equation NWNA-1 (Annual precipitation) 
X; western hemlock 1,216.99829 
X3 pine -735.70166 


Intercept 


1,152.01180 
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Fig. 2 Mean July temperature and annual precipitation for the 
past ~80,000 yr represented. by. the Hoh bog core (upper portion) 
and Kalaloch seacliff section (lower portion) in western Washing- 
ton. Arrows indicate ' *C-dated levels; bracketed ages shown are 
estimates from finite ““C ages and the rate of sedimentation. 
Dotted portions of the curves indicate samples with communalities 
of <0. 5 which thus do not correspond staongly to the surface data 
sët. a AT ck a 





between ~1, 300 and 1, 600 mm. At the close of the Pleistocene, 
precipitation increased synchronously with temperature, reach- 
ing a maximum of >2,400 mm. It then decreased, as abruptly as 
it had increased, to a minimum of ~1,500 mm at ~8,000 yr BP 
which coincides with. the time of the Holocene temperature 
maximum. Conditions. of dt j ynei and. dearth engi relatively : 












yielded temperature: estimates for the past. : 
Minnesota’? and. the past 5,500 yr in the Northwest’ Perit 
of Canada" *. The curves scale phe ay our Tas refin 7 


titative aad ande compare well wi ‘th aiie fa 
temperature and oxygen. isotope. stratigraph 3 ; 
continental rise’”’*®. The differences between. Holocene inter- 
glacial and Pleistocene glacial modes generally agree with 

models of North Pacific region'’’’. The glaciation periods dur- 

ing the Pleistocene were cold and relatively dry with amel jorated 
moist episodes intervening. During the Holocene, coolness was: 

associated with greater precipitation, and intervals of warmth 
were drier. This suggests that the prevailing. mechanism 
controlling climate on the north-west coast during the present 
interglaciation contrasts with the mecharfism in effect during 
glaciation. 
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Goat Paddock, a crater slightly over 5 km in diameter (18°20 S, 
126°40’E), lies at the north edge of the King Leopold 
Range/Mueller Range junction in the Kimberley district, 
Western Australia (Fig. 1). It was noted as a geological anomaly 
in 1964 during regional mapping by the Bureau of Mineral 


Resources, Geology and Geophysics and the Geological Survey. 


of Western Australia. The possibility of its being a meteorite 
impact crater has been discussed’, although this suggestion was 
subsequently ignored’. Two holes were drilled by a mining 
corporation in 1972 to test whether kimberlite underlay the 
structure. Here we report the findings of five days of recon- 
naissance in August 1979 which established that Goat Paddock 
is a cryptoexplosion crater containing shocked rocks and an 
unusually well exposed set of structural features. 

Goat Paddock is a circular plain bounded for most of its 
circumference by steep cliffs 100-150 m high (Fig. 2). To the 
north, the rim has been eroded, opening a broad connection with 
the valley of the O’Donnell River. To the south and east, the 
ground is higher and more rugged, so that a raised rim is not 


evident. The circularity of the rim is reduced by erosion and by 


the presence of remnants of crater fill within the wall. Its 
topography is clearly unusual but not immediately suggestive of 
a crater. 
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The two drill holes, one at the centre and one about 1,250 m 
north-east of the centre, penetrated 211 and 212 m of lacustrine 
sediments before entering brecciated sandstone. The nearly 
equal depths suggest the absence of a central peak, which might 
have been expected as the critical diameter for the transition 
from simple to complex terrestrial cryptoexplosion craters is 
2-3 km in sedimentary strata and about 4km in crystalline 
rocks’. The fine-grained nature of the mudstone at the base of 
the crater fill, immediately above untransported breccia in both 
drill holes does, however, suggest that there may be a moat in the 
outer crater floor that acted as a trap for coarse debris. The small 
depth/diameter ratio is closer to those.of larger, complex craters 
than to those of smaller, simple craters’. 

The canyons eroded into and through the walls of Goat 
Paddock offer some of the best exposures of the upper rim wall 
and rim flank of any cryptoexplosion crater in the World (Fig. 2). 
Nearly everywhere in the walls, bedrock has been upturned 
from its regional dip of 15° NNW to dip away from the crater. 
Dips reach the vertical near the crater lip and are overturned to 
the horizontal or inverted outward dips on the rim flank. In some 
sections, the rim flank appears to be composed of moderately 
dipping and presumably overturned imbricate plates a hundred 
metres or so across which are separated by screens of breccia. 
Intensely disturbed rock reaches as far as 800m from the 
present rim crest: At one locality, a fault surface with a dip of 75° 
towards the crater and with striations pitching 75° separates 
undisturbed sandstone from overturned sandstone (Fig. 2b). 
The sense of motion on the fault was not determined: it may be 
either a thrust fault or a normal fault produced by slumping of 
the rim into the crater. On the south rim, no overturned flap is 
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Fig. 1 Locality map of a portion of northwestern Australia show- 
ing main tectonic features and cryptoexplosion structures. 
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apparent, but the autochthonous rock is deformed into at least 
one open anticline (Fig. 2c). 

The disturbed beds show a high degree of fracturing every- 
where and grade into breccia inside and particularly outside the 
rim crest. At many breccia occurrences, attitudes of the larger 
clasts are close to those of nearby coherent bedrock, and the 
lithologies are the same, showing that little mixing or long- 
distance transport has taken place. On the south rim, a series of 










ridges ~20 gh have fractured bedrock at the base and 
breccia at the top. No fallout (air-sorted debris) was found on the 
rim, and we certain whether the breccia at high levels on 


the rim includes throwout (debris ejected ballistically). 

The true crater wall (at the edge of the upturned beds) has a 
slope of 35°, locally reaching 50° or more. A breccia of unorien- 
ted clasts, tentatively interpreted as autochthonous breccia is 

usually immediately adjacent. This generally grades over a short 
distance into breccia having a roughly oriented texture, which is 
apparently talus. Above this breccia is a well-cemented 
conglomerate with rounded clasts and distinct bedding. The 
transition is locally gradational, but more commonly 
conglomerate dipping 20° discordantly overlies talus dipping 
35°. The conglomerate, in turn, grades into grit, interbedded grit 
and siltstone, and finally the mudstone of the crater floor. 

Conglomerate (and breccia) occurs not only within the crater 
bowl but also in depressions outside the crater rim. Some of 
these depressions appear to be crescentic troughs concentric 
with the rim. In one section the entire series of overturned plates 
seems to be displaced outwards to produce a double rim crest, 
with the gap between the outer edge of upturned bedrock and 
the inner edge of the displaced plates filled by breccia and 
conglomerate (Fig. 2b). Other conglomerate bodies appear to 
be approximately radial rather than concentric, and some of the 
gorges seem to be exhumed from conglomerate rather than 
freshly eroded through bedrock. Radial conglomerate bodies 
may occupy zones opened during the cratering process or they 
may simply fill pre-cratering valleys. The local topography at the 
time of the cratering event was probably no less rugged than the 
present topography and should have affected the details of the 
crater form, | 

The level of fill within the crater is close to that of a break in 
slope of the original crater wall, which may be a junction of the 
steep wall with the gently sloping outer crater floor or with a 
bench between the steep wall and floor. Thus, although around 
most of the circumference early crater fill laps onto the wall or is 
concealed by fans formed during the present erosion cycle, at 
several points overturned bedrock crops out as far as a 350 m 
from the base of the cliff. A small patch of melt breccia was 
found in one creek between the base of the wall and the 
innermost bedrock outcrop (Fig. 2c). The substrate is not 
exposed, but apparently slopes gently, as the larger melted clasts 
are approximately horizontal. 

The central drill hole penetrated 19 m and the northeastern 
hole 5 m below the crater floor. Core recovery was poor, prob- 
ably because of abundant incoherent rock flour, but recovered 
core shows sandstone with well-developed shatter cones or with 
a rhombic shatter fracturing. A few fragments with poorly 
developed shatter cones were also found in the breccia at the 
crater wall. Shock features in quartz (cleavage, planar features, 
basal deformation lamellae, plastic deformation, reduced bire- 
fringence) are abundant in clasts from breccia outcrops. These 
features culminate in the melt breccia which contains, besides 
clasts of various lower degrees of shock, twisted sheets of 
vesicular silica glass, now largely recrystallized to fine-grained 
quartz. To date, coesite or stishovite have not been found. 

More than 20 pollen or spore species were identified in a 
sample of sediment from a depth of 139 m in on 
holes. The assemblage is dominated by proteaceous-like grains. 
Despite differences, there are sufficient species in common to 
_ indicate a correlation with the Malvacipollis diversus zone of 
_ Stover and Partridge‘ in southeastern Australia and therefore a 
- probable early Eocene age. This is supported by ery low 
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such as Latrobosporites amplus (Stanley), Porania leightonii 
Stover, P. confragosus Harris, and Triporopollenites ambiguus- 
Stover. 

The orientation of remanent magnetism in the melt breccia is 
normal and not significantly different from that of the present 
local field, but samples have not been magnetically cleaned. An 
Eocene orientation should be recognizable but could have been 
lost during weathering. 

Goat Paddock is clearly a cryptoexplosion crater, of a type 
generally attributed to meteorite impact. Nevertheless, in the 
absence of meteoritic material, hypotheses of endogenous origin 
are defensible. The 875 m diameter Wolf Creek Crater**, which 
is only 160 km to the south-east, is associated with oxidized 
meteoritic iron, although the association could be coincidental’. 
Wolf Creek seems to be less eroded than Goat Paddock, so an 
age as old as Eocene and a paired relationship seems unlikely 
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although not impossible. About the same distance north-west of 
Goat Paddock is another cryptoexplosion structure, known as 
‘The Spider’ (Fig. 1), which we have also briefly examined. 
Disturbed and shatter-coned strata occupy an area about 5 km 
in diameter. The structure resembles that of central uplifts of 
other cryptoexplosion structures and is apparently exposed at a 
level considerably below an original crater floor. The depth of 
erosion indicates an age greater than that of Goat Paddock. The 
Spider and probably Wolf Creek are in tectonically stable 
blocks, but Goat Paddock lies near the intersection of the King 
Leopold and Halls Creek Mobile Zone (Fig. 1), which have been 
intermittently active through geological time. Adjacent to the 
King Leopold Mobile Zone is a major province of salic alkaline 
igneous intrusion”? dated as early Miocene’’; this province, and 
an area adjacent to the Halls Creek Mobile Zone, have also 
recently been identified as areas of major kimberlite intrusion of 
unknown age. 

J.E.H. and D.J.G. publish with permission of The Broken Hill 
Proprietary Company Limited. D.J.M. publishes with permis- 
sion of the director, United States Geological Survey and J.F. 
with permission of the director, Bureau of Mineral Resources, 
Geology & Geophysics. D.J.M. is supported by the NASA 
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Did Iapetus start to 
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The geological evolution of the British Isles during the Lower 
Palaeozoic was dominated by the presence of the Iapetus 
Ocean. Although the timing of the major events in its later 
history are reasonably well known, its pre-Ordovician evolution 
is far less clear because of the absence of rocks of that age in the 
area of the Iapetus suture. To deduce the early history of the 
Ocean, circumstantial evidence from rocks originally deposited 
on the adjacent continental crust is needed. Petrographical 
evidence, from such rocks in the Dalradian, is discussed here and 
implies that Iapetus had still not opened by ~ 670 Myr ago. A 
dramatic increase in tectonic instability after this date, 
culminating in the extrusion of the Lower Cambrian Tayvallich 
Volcanics, is considered to date the continental rupture that led 
to the formation of lapetus. This view is in contrast to the 
assumption that continental break-up must have preceded the 
earliest Dalradian sedimentation’ and that the red-bed fluvio- 
lacustrine sediments of the Torridon Group, dated at 
~ §10 Myr, could be a consequence of this initial rifting’. 

The Dalradian Supergroup contains a virtually continuous 
record of largely marine deposition from the late Precambrian 
(sedimentation starting at least 700 Myr and possibly as long as 
800 Myr ago) until the Cambrian or possibly Lower Ordovician. 
Within this sequence are several psammite formations that are 
largely composed of mineralogically mature quartzofeldspathic 
detritus that tells one little about its source area. However, 
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within the middle Dalradian (Argyll Group) Jura Quartzite are 
occasional rounded pebbles of what was, before Caledonian 
metamorphism, ferruginous chert or jasper’. These show a 
range of textures typical of the oolitic and banded facies of the 
Proterozoic cherty iron-formations found in early Proterozoic 
shelf sequences. Furthermore, they are very similar to pebbles 
described from the Applecross Formation of the Torridon 
Group* which is known from palaeocurrent and radiometric 
evidence to have been derived from an area to the north-west of 
the present Scottish mainland’. The mineralogical maturity and 
absence of all-but these very stable clasts, probably recycled 
from older conglomerates, suggests that the Jura Quartzite 
source area consisted largely of Proterozoic sedimentary rocks, 
with only minor first cycle input from the Archean basement. 
The Scottish “Torridonian’ together with the Eriksfjord Forma- 
tion® and the Ketilidian sediments’ of South Greenland may just 
be remnants of what was, in late Proterozoic times, a more 
extensive sedimentary cover over the now exposed Archean 
basement. 

The similarity between the Dalradian and some of the 
Torridon Group pebbles, together with evidence of a clastic 
input from a northwesterly direction into some Argyll Group 
turbidite basins®, suggests a northwesterly, largely sedimentary 
source for Argyll Group psammites. This source must have lain 
in the area of the present Scotland—Greenland continental 
margins although it may have stretched even further to the 
north-west (Fig. la). 

Most lower Dalradian Appin and Grampian Group coarse- 
grained sediments are also composed of mineralogically mature 
quartzofeldspathic detritus without distinctive clasts’ that could 
similarly have been derived from a largely sedimentary source 
area lying to the north-west throughout the late Proterozoic. 
The position of the Moine metasediments in this palaeogeo- 
graphical picture is, however, as unclear as the status of the 
Moine itself. The ~750 Myr ages from Moine pegmatites have 
been interpreted as either the date of a ‘Morarian’ orogenic 
event’? or Grenvillian ages partially reset by Caledonian 
metamorphism''. The lack of petrographical evidence for a 
nearby orogenic belt in the Appin and Grampian Groups, whose 
deposition probably spans the period of the Morarian event, is 
more consistent with the latter hypothesis. However, if the 
timing of the Morarian event is confirmed, its significant 
tectonometamorphic effects may have only been felt at depth 
with its palaeogeographical impact being restricted to mild uplift 
and erosion of the low grade top of its metasedimentary pile. 

The hypothesis of a northwesterly, largely sedimentary, 
source could well apply to all the Dalradian Grampian, Appin 
and Argyll Group coarse-grained sediments except for one, the 
Port Askaig Tillite. This lies at the base of the Argyll Group 
stratigraphically below the Jura Quartzite and is correlated with 
the Varangian or Eocambrian tillite found throughout the 
Caledonian belt and dated in Finmark’? at ~670 Myr. It 
contains a suite of granite clasts throughout its outcrop from 
Banff to Connemara, quite unlike anything found in the other 
psammites, and must have been derived from a largely igneous 
and metamorphic source’*'*. If the area to the north-west was 
blanketed by Proterozoic sediments at this time, a southeasterly 
source is required for the Tillite as previously suggested by 
Howarth” and Spencer". This is consistent with the direction of 
ice-pushed folds from the Tillite in Argyll”, Donegal’* and 
elsewhere in the Caledonian belt’. The Midland Valley land- 
mass, which may have acted as a southeasterly source for the 
Southern Highlands Group”* during the Cambrian (Fig. 1c) and 
was probably of the right composition to supply granite and 





Rather, the glacier source most probably lay in a more extensive 
area further to the south-east which, on petrographical grounds, 
could have been in northern continental Europe’? (Fig. 1b). Itis, 
therefore, most unlikely that there could have been an ocean 
basin between this presumed source and the present Dalradian 
outcrop at this time. 
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‘Fig. 1 Location of source areas during Dalradian times, arrows 
-Show suggested directions of main sediment influx into the Dal- 
-radian depositional area for: a, most of Grampian Appin and 
„Argyll Group times, b, Port Askaig Tillite times; and c, Southern 
-Highland Group times. Position of palaeogeographical elements 
drawn very schematically with respect to present rock outcrops and 
without any correction for tectonic shortening. Ice front drawn for 

one instant in time, the.ice limit may have lain far to the north-west. 





If lapetus had not acne by Port Askaig Tillite times, when 
did it open? Before the deposition of the Tillite, there is little 
evidence for tectonic instability. Broad, differential subsidence 
can account for thickness and regional facies variations. 
However, after the Tillite, major syndepositional faults exerted 
an increasing control over sedimentation. Rapid subsidence 
_along these faults produced turbidite basins with steep, unstable 
slopes | as exemplified by the Scarba Conglomerate /Easdale 
` Slates”, Crinan Grits (A. K. Barraclough, personal com- 
munication} and Tayvallich Limestone”. Finally, eruption of 
` the tholeiitic Tayvallich lavas and intrusion of sills'* marked the 
"peak of tectonic instability and crustal tension. The rapid basin 
Subsidence is considered to be a precursor of rifting due to 


regional crústal tension with the lavas signifying the final b ako 

An alternative hypothesis is that the tectonism and volcanism. 
relate to back-arc spreading following the initiation of sub- — 
duction. Both are considered feasible by Graham and Brad- 
bury”? on petrochemical grounds, but the latter is rejected here 
because of the petrographical evidence discussed above. 7 

The precise dating of the suggested rifting is not possible 
because of the minimal fossil and radicmetric control on Dal- 
radian events. However, the base of the Cambrian probably lies 
not far below the Tayvallich Volcanics™ and the Argyll Group 
turbidite basins range from roughly the middle of the Vendian or 
Eocambrian, say 640 Myr ago, onwards. A period of crustal 
tension leading to increasing tectonic instability after 640 Myr, 
culminating i in volcanism and final continental break-up around 
600 Myr, is therefore indicated. This is in close agreement with 
an end Proterozoic/Lower Cambrian age for rifting | in New- 
foundland, suggested originally by Bird and Dewey*', on the 
basis of the stratigraphic relationships of a suite of lavas cor- 
related with the subsequently dated ~605. Myr old Long Range. 
Dykes”. This leaves only ~90 Myr for ocean expansion, about. 
the same as the time available for closure, if subduction started _ 
in the Lower Ordovician as suggested by evidence from the 
Ballantrae ophiolite*> and final (probably diachronous” °) 
closure took place during the late Silurian to early Devonian” 
At, say, a total spreading rate of 4em yr’ this would. ‘still 
produce an ocean 3,600 km across, as wide as is required by 
available faunal“ and palaeomagnetic’’ evidence from the 
Ordovician. However, the existence of well defined trilobite. 
provinces in Britain does require the existence of an effective 
barrier by the late Lower Cambrian** , possibly: only: ‘20 Myr 
after the suggested rifting. A faster spreading rate may, there- 
fore, be indicated. 

The hypothesis of a late PARIN for Iapetus has, if if correct, 
several implications. (1) The existence and location of the area 
of Dalradian sedimentation were unrelated, at least in its early 
stages, to Iapetus. The Dalradian developed in an ensialic 
crustal environment’®. (2) Continental rifting subsequently took’ 
place to the south-east of the Dalradian basin in an area of more 
brittle crust. There is, therefore, no stratigraphic mirror i image of | 
the Dalradian to the south-east of lapetus, although because of 
the possible oblique opening and closing of the Ocean, this 
cannot be demonstrated until the relative positions of northern 
and southern Britain during the late Proterozoic are known. 
This uncertainty also makes it difficult to relate the evidence for 
late Proterozoic subduction in Anglesey, which may be more 
closely related to the evolution of a southerly Cadomian 
Ocean”, to the Dalradian picture. (3) The direct stratigraphic 
evidence for the timing of rifting, such as plateau lavas, fluvial 
facies and salt, is not visible in the British part of the Caledonian | 
belt, although it may be buried beneath younger rocks near the 
suture or have been thrust under the Dalradian during its 
collision with the Midland s alley microcontinent during the 
Grampian orogeny”. The presently exposed Dalradian rocks 
were deposited at least. 100 km (possibly several hundred 
kilometres after allowance for tectonic shortening} away from 
the rifted continental edge, in a pre-existing marine basin well 
away from the more obvious effects of continental rupture. 
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Equilibrated Nd-unequilibrated Sr 
isotopes in mantle xenoliths 


E. Jagoutz*, R. W. Carlson & G. W. Lugmair 


Scripps Institution of Oceanography and Chemistry Department, 
University of California, San Diego, La Jolla, California 92093 


Isotopic analyses of mantle xenoliths transported to the surface 
by alkali basalt eruptions complement data obtained from 
studying basic magmas. These xenoliths also enable mantle 
characteristics to be examined before they have been affected by 
the fractionation processes which occur during magma genesis. 
The data on ultramafic nodules demonstrate Sr isotopic dis- 
equilibrium between mineral phases within a single xenolith’™. 
This suggests that isotopic disequilibrium on a grain-size scale 
may be important in determining the isotopic composition of 


melts derived from the mantle. However, recent work on care- 


fully cleaned mineral separates from alpine peridotites® and 
ultramafic nodules? has shown that, in many cases, the highly 
radiogenic *’Sr/**Sr found in minerals with low Sr concen- 
trations (olivine, orthopyroxene) can be considerably reduced 
by leaching the sample in dilute acids before analysis. To 
investigate the nature of isotopic disequilibria between minerals 
of therzolitic nodules, we report here a combined study of the Nd 
and Sr isotopic composition of two spinel lherzolites from New 
Mexico and Arizona. These samples were selected from a large 


number of ultramafic xenoliths for which major and trace ele- 


ment compositions had been determined’. The two nodules 
measured represent two end members of a distinct group of 
nodules which have major element compositions that would 
make them suitable parent materials for basaltic melts. These 
two nodules show no obvious signs of metasomatic alteration or 
re-equilibration under more than one pressure and temperature 
regime. Interstitial glass does not occur in either nodule investi- 
gated. Hence, the Nd.and Sr isotopic composition of these 
nodules and constituent minerals were expected to provide 
important constraints on the nature of basalt source regions in 
the mantle in general, and, in particular, that underlying the 
American South-West. 

Sample KH-1 is a spinel lherzolite from Kilbourne Hole, New 
Mexico, a recent maar-type volcano in the Rio Grande Rift. 
Major and trace element compositions of KH-1 were reported 
by Jagoutz et al.’. This sample is characterized by considerable 
depletion of the light rare earth elements.(LREE), but still has 
relatively high Ca and Al abundances (2.45 and 1:89 wt % 
respectively)’. KH-1 is coarse granular in texture and, based on 
petrographical and chemical evidence, was defined as ‘primi- 
tive’. From sample KH-1, carefully separated and cleaned 
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clinopyroxene (cpx) and orthopyroxene (opx) separates;as well 
as a leached whole rock (WR) aliquot and its surface leachant, 
were measured. 7 

Sample SC-1 is from the recent, xenolith-laden, alkalic 
magmas of San Carlos, Arizona. As reported’, SC-1 has an 
almost flat relative REE pattern with many other refractory 
elements also in nearly unfractionated ‘chondritic’ relative 
abundances. From this sample, an acid leached whole rock 
aliquot and two cpx separates were analysed. The first cpx 
separate was subjected to the acid leaching procedure used for 
KH-1 mineral separates. The second cpx aliquot was more 
harshly etched to investigate possible zoning which may be 
reflected in the isotopic composition, as well as to determine the 
effect on the acid treatment on possible differential leaching 
of "Sr. | 

The two samples were very friable and were gently crushed 
and sieved to a grain size of 0.1-0.3 mm. Clean grains without 
visible inclusions were separated by handpicking. For the opx 
separate of KH-1, only grains >2 mm were taken. These grains 
were then washed in warm 2M HCI for 20 min in an ultrasonic. 
bath. After a 5-min treatment with 5% HF, the samples were 
crushed and a fraction between 100 and 200 mesh was taken for 
final handpicking under a binocular microscope. This separate 
was leached for 5 min in 5% HF and then again washed in warm 
2M HCI, followed by an ultrasonic treatment in warm 2M HCl 
for 20 min. | 

The KH-1i whole rock leach was produced by leaching an 
aliquant (0.9779 g) of powdered (<200 mesh) bulk rock in 
2M HCI for 20 min. The HCI solution was then filtered. Weight 
loss in this procedure (57.9 mg) is not representative of the 
actual amount of material which went into solution due to the. 
loss of a very fine-grained fraction during filtering. 

Two SC-1 cpx separates were prepared by the method 
described above. One cpx fraction (26.8 mg) was further treated 
for 45 min in concentrated HF and HCIO; in an ultrasonic bath. 
After this etching, the sample was washed with high purity 
water. The etching solution plus the water wash were 
evaporated and processed as sample ‘SC-1 cpx etch’. The 
remaining cpx (19.3 mg) was dissolved to become sample ‘SC-1 
cpx residue’. Weight loss during this procedure was 7.5 mg 
(28%) and is believed to have been completely retained in the 
etch solution. 
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0.7020 


Fig. 1 eyyy(T) plotted against 8781 / 886r. eyuv(T), expressed in 
parts per 10°, is the fractional deviation of '*°Nd/'**Nd in samples 
from that existing in a chondritic reference reservoir. The Sr-Nd 
trend line observed for young basaltic rocks and the approximate 
range of values (dashed lines) about this trend are adopted from 
O'Nions er al.'* and DePaolo and Wasserburg’ ’. Note the obser- 
ved Nd isotopic equilibration, but Sr disequilibrium in the minerals 
of KH-1 and the offset of the SC-1 cpx point to higher “"Sr/""Sr 
than found for the basalts. l 
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; Weight [Sm] [Nd] 
Sample (mg) (p.p.m.) (p.p.m.) 
-KH-1 cpx 107.6 1.42 2.71 
KH-1 opx 730.7 0.0230 0.0249 
KH-1 WR 299.1 0.242 0.456 
KH-1 ‘Leach’ 
SC-lepx 56.3 3.66 10.3 
C SCIWR 327.7. 0.680 1.89 
ae ‘SC-1 opx residue’ ča 19.3 









clinopyroxene; Opx; “orthopyroxene: WR, whole rock. 
‘tainty = = 0.1%. 


Errors correspond to last digits and represent 95% C.L. 


IR Ref. 1 15. 


Proceioms or dissolution, chemical separation, and isotopic 
analysis have been reported previously*” . Samples were totally 
spiked after dissolution for Sm and Nd concentration deter- 
- mination. Only the etched cpx separate and its leach from SC-1 
were spiked for Sr concentration measurement. Blanks for Sm, 
_ Nd and Sr for the chemical procedures used were 8, 50 and 
— 300 pg respectively. — 
Nd and Sr isotopic results and Sm and Nd concentrations are 
presented i in Table 1. Distinct differences are apparent in the 
43nd /'4Nd of samples SC-1 and KH-1. However, minerals 







within a single sample have Nd isotopic compositions which | 
agree within analytical uncertainty. This is dramatically 


demonstrated in the case of KH-1 where a large spread in 


‘478m /'“*Nd was measured for opx and cpx. On the other hand, - 


despite the careful pretreatment of the samples, ®7Sr/*Sr in 
KH-1 is considerably higher in opx than in cpx. 

The observed equilibrium for Nd between cpx, opx (and the 
whole rock) of KH-1 demonstrates that Nd was in diffusive 
equilibrium at the time of the nodule’s eruption on to the 
surface. These findings are similar to those reported by other 
workers'*'* who found cpx and garnet to be in Nd isotopic 
equilibrium in garnet lherzolite xenoliths at the time of their 
inclusion in South African kimberlites. On the other hand, in 
KH-1, the measured Sr fractions derived from the different 
mineral separates are not isotopically equilibrated. 

Possible explanations for the observed differences in *’Sr/*°Sr 
in KH-1.could be: (1) Sr diffusion in the mantle i is much slower 


than that of Nd; (2) radiogenic growth of *’Sr since the last time 


of Nd equilibration: (3) residual contamination of the measured 
mineral phases not removed by the leaching procedure; (4) 
` (partial) equilibration with a fluid enriched in "Sr, 
Although there is no direct experimental evidence for a 
-difference between the diffusivity of Nd and Sr, some inferences 
“gould be drawn from the diffusive behaviour of M’* and M” 
ions and the influence of ionic radii ọn diffusivity in silicate 
melts'?. These data suggest the importance of charge in 
influencing diffusivity and imply that Nd should diffuse slower 
than Sr. The evidence above implies that, at least in the case of 
_KH-1, the measured differences in *"$r/*°Sr were introduced 
after, or at the time of, the last equilibration of the Nd system. 
Because of the high precision obtained in the Nd isotopic 
measurements and the large spread in **’Sm/'**Nd between opx 
and cpx, an upper limit of 8 Myr can be set for the time of the last 
Nd equilibration. If this also records the time of the last 
complete Sr equilibration, then taking the extreme limit of no 
“Rb decay in epx ’Rb/*°Sr = 0) an *’Rb/**Sr = 11.6 would be 
required in opx to produce the measured differences in °’Sr/*°Sr 
between the mineral separates within the 8 Myr upper limit 
_, imposed by the Nd equilibration. This ratio is 50-100 times 
-< the actual value measured for opx from other ultramafic 
` nodules’*”*. Therefore, it seems very unlikely that the observed 
Sr disequilibrium is the result of in situ u radiogenic growth of Sr 
_ within the minerals. 


47g /i4nd* — 87Sr/*°Srtt 3nNd/'*Ndss Ejus TH 
0.3171 0.70229 +6 0.513308 + 15 3.10.3 
0.5578 0.70361 +4 0.513301 +21 13.0404 
0.3208 0.70255 +9 0.513319421 13340A 
0.1918 0.70736+3 0.512971 +48 6.5409 
0.2150 0.70501 +4 0.512764 + 11 2540.2 
0.2174 0.512763 + 24 fee) ie 

0.70488 + 3 

0.70498 + 4 


-actionation corrected to °°Sr/ 88Sr = 0.1194; ries measured or NBS 987 Sr show a total range of +0.01% about 8761 /*°Sr = 0.71014. 


-.§ Nd measured as NdO* fractionation corrected to “8NdO/'*"NdO = 0.242436 (48nd /'*Nd = 0.241572). 


Results for the surface leach of the KH-1 whole rock sample 
show the presence of an HCI soluble surface coating with 
*7Sr/**Sr = 0.70736. Nd in this surface leach was very low in 






concentration (<10 fg Nd per g of bulk rock) with. 


43nd /'4Nd = 0.51297 corresponding ta tO eyuv(T) = 46.5. Two. 
sources for this radiogenic Sr component can be proposed: ) . 
surface contaminant deposited from the vapour phase of the 
host basalts in the Kilbourne Hole area. However, the observed 
781 /"°Sr i in the leach i is considerably higher than found for the 
basalts in the area’; (2) deposition on to the minerals of salts” 
contained in the groundwater of the area. This is supported by 
the similarity in °’Sr/*°Sr measured for th ce wash and 
that found for caliche from the Rio Grande Rift (E. Padovani, 
personal communication). Therefore, it follows that the dis- 
equilibrium found for *’Sr/**Sr in the minerals from KH-1 may 
be due to incomplete removal of this surface contaminant, or 
possibly even a small degree of diffusion of this Sr contaminant 
into the mineral grains. The effect of this contaminant would be 
much more pronounced for minerals with lo low Sr content such as 
opx (and olivine), but would have little effect'on cpx due to its 
high Sr content. On the other hand, the leaching experiment 
performed on SC-1 cpx does not indicate the presence of any 
residual contaminant after the initial acid washings. However, 
note that, due to the very high Sr concentration of SC-1 cpx 
(126 p.p.m.), this experiment may not be very sensitive towards 
detecting residual contamination. In addition, there is no evi- 
dence from this experiment to indicate Pererene leaching of 
®’Sr by the various acid treatments. 

Although the exact cause of the observed miera Sr isotopic 
disequilibrium is not tightly constrained by the data presented 
here, it is apparent from this and previous work’ >> that Nd 
isotopic equilibration between major: mantle minerals (cpx, Opx; 
garnet) is achieved on time scales which are much shorter than 
predicted from experimental subsolidus diffusion data. 

Figure 1 displays the isotopic results as eyi(T') plotted 
against *’Sr/*°Sr. This figure and the major element data’ 
indicate that KH-1, with esy,(7)= 13.1, is a suitable parent 
material from which a magma similar in composition to mid- 
ocean ridge basalts could be derived. If KH-1 is representative 
of LREE-depleted primitive nodules in this area, then the 
results provide evidence for the existence of oceanic-type’ 
mantle underlying the Rio Grande Rift. A similar conclusion 
was reached by Reid and Woods'*, based on a major element 
comparison for nodules from the same area with those found at 
Salt Lake Crater, Hawaii. 

The Sm—Nd model ages of SC-1 and KH-1 (Tice) of 814% 157 
and 819+26 Myr, respectively, are in reasonably good 
agreement. One explanation for this concordance is that the 
source for these two samples was initially depleted in incompa- 
tible elements close to 800 Myr ago from a primordial reservoir 
with ‘chondritic’ relative REE abundances. If the group of 
‘primitive’ nodules, of which KH-1 and*SC-i are only two 
examples, do represent mantle samples which have rather 
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| undomplicated differentintion histories, then these nodules can 
_ provide important constraints on the nature of the mantle. Of 
particular interest is that this group of nodules shows very 
similar major element compositions, yet has highly variable 
abundances of the incompatible elements. As all the radiometric 
systems also belong to the group of incompatible elements, the 
large variability in the degree of depletion of these elements in 
‘primitive’ nodules such as KH-1 and SC-1 has profound impli- 
cations for the interpretation of the isotopic data. In particular, 
the similar major element compositions of SC-1 and KH-1 
clearly show that incompatible element mobilization can be 
accomplished without significant depletion in the basaltic 
component (that is, CaO, Al,O;). Therefore, the isotopic data 


presented here for KH-1 suggest that mantle with ‘undepleted’ = 


abundances of CaO and AlO, can have Nd and Sr isotopic 
composition similar to that assumed for the ‘depleted’ oceanic 
mantle. | 
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Irene Spellman typed the manuscript for which we are grateful. 
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Effects of biotic and abiotic 
elicitors on phytoalexin 
metabolism in soybean 


P. Moesta & H. Grisebach 


Department of Biochemistry, Biologisches Institut II der Universität, 
Schänzlestr. 1, D-7800 Freiburg, FRG 


Elicitors induce accumulation of phytoalexins in plants’. 
Recently Yoshikawa’ concluded that biotic and abiotic elicitors 


act by different mechanisms. Thus a biotic elicitor, such as the. 


cell walls of Phytophthora megasperma var. sojae, stimulated 
glyceollin synthesis in soybean cotyledons but had no significant 
effect on glyceollin degradation. In contrast, the abiotic elicitor 
HgCl, had only a slight effect on the biosynthetic activity but 
strongly inhibited glyceollin degradation. Here we report results 
which are contrary to Yoshikawa’s conclusion. 

Yoshikawa estimated biosynthetic activity by pulse-labelling 
with ‘“C-L-phenylalanine. It is, however, not known whether 
uptake of this compound was influenced by elicitor treatment. 
For measurement of glyceollin degrading activity, cotyledons 
were incubated with glyceollin. The drawback of this method is 
that externally supplied glyceollin could be converted differently 
than the glyceollin in the internal pool. Because of the 
importance of elicitors in phytoalexin research’, we have rein- 
vestigated the effect of a biotic and an abiotic elicitor on 
glyceollin synthesis and conversion in soybean cotyledons by 
pulse-labelling with '*CO,. By using high pressure liquid 
chromatography (HPLC) for separation of products, it was also 
possible to determinerate of synthesis and conversion of 3, 6a,9- 
trihydroxypterocarpan, a precursor of glyceollin®. 
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Figure 1 shows the Accumulo of gÍyceollin Giai the 
three isomers®’) and trihydroxypterocarpan ,(THP) after 
induction with the glucan from P. megasperma” or HgCh as 
elicitor. Induction with glucan results in somewhat faster and 
higher accumulation of both compounds compared to the 
induction with HgCl,. In the latter case glyceollin accumulation 
levels off earlier than THP accumulation. Controls with sterile 
cut cotyledons, treated only with buffer, contained only very 
small amounts of both compounds (<1 wg per g fresh weight) 
which could not be quantitated. 

The integrated curves for the rates of synthesis of glyceollin 
and THP after induction with either elicitor (Fig. 2) show no 
significant differences between the effects of the biotic and 
abiotic elicitor. In both cases the rate of THP synthesis is higher 
than that of glyceollin synthesis. Half-times of conversion were 





Accumulation (umol per g fresh weight) 


0.6 





8 sg 24 33 
Time alles induction (h) 


Fig. 1 Effect of glucan from P. mégasperma and of mercuric chloride on 
accumulation of glyceollin (MJ) and trihydroxypterocarpan (A) in soybean | 
cotyledons. Detached cotyledons from 5-day-old seedlings of the soybean: 
[Glycine max (L.) Merr.] cultivar Harosoy 63 were wounded as described by | 
Ayers et al“, except that wounds were made on the lower surface of the — 
cotyledons. An aliquot (100 ul) of an elicitor solution (a, ‘biotic elicitor: 
heat-solubilized mycelial wall of P; megasperma var. sojae* (glucan), 300 ng 
glucose-equivalents ml~'; $, abiotic elicitor: 1.5 mM HgCl,) was placed on 
wounded areas of each of 20 cotyledons, and these were incubated on moist 
filter paper in Petri dishes at 30°C in the dark. Both elicitors were used in 
concentrations optimal for glyceollin accumulation. At the times indicated, 
the cotyledons were extracted with 100 mi of 60% ethanol by vacuum 
infiltration for 30 min, then the ethanol was removed under reduced pres- 
sure, the remaining solution was extracted with 100 ml of ethylacetate and 
the organic phase dried over Na,SO,. After removing the solvent under 
reduced pressure, each sample was chromatographed on Sephadex LH-20 
(30x2.5cm) in methanol. Separation of glyceollin, 3,6a-9-tri- 
hydroxypterocarpan and minor isoflavonoid components was then achieved 
by HPLC as described by Zahringer et al.*. The pterocarpan components 
were quantitated with a Waters Modul 730 using an extinction coefficient of 
10.000 (ref. 4). 
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Fig. 2 Synthetic activity for irah (W) and tri- 
hydroxyperocarpan (A) production after treatment with glucan or 
mercuric chloride. Each set of 20 cotyledons was incubated i ina 
800-ml capacity, gas-tight chamber with 100pCi ‘CO, 
(53.5 mCi mmol’) under illumination (Osram L 40 W/25, 
9,500 Ix) for 1 h before sampling. Radioactivity of the components 
was determined i in the efflux of HPLC column with a Beckman 
Model LS-335. scintillation spectrometer using a toluene scin- 
tillation fit id. Radioactivity of glyceollin and THP (in c.p.m. per g 
fresh weigh $ plotted against time after induction. For better 
comparison the data obtained for accumulation, the curves 
were graphically integrated. Estimation of degradation activity 
(data not shown): 20 Petri dishes, each with 20 cotyledons, were 

transferred 8 h after induction with the elicitors into a 35 | chamber 

and were. incubated under illumination with 1 mCi CO, 

(53.5 mCi mmol” for Sh. The pulse was followed by a chase 

phase (with iHumination), in which ` CO, was replaced by air 

blown through the chamber. Twenty samples were analysed 
between 20 and 50 h after induction for TAPAGE as described 
o above. 


Obtained from pulse-chase experiments. PETA lines on 
semilogarithmic plots were obtained by linear regression analy- 
sis from which the following half-times were estimated: gly- 
ceollin (glucan) 11263 h; glyceollin (HgCl,) 89+ 53 h; THP 
(glucan) 39+8h; THP (HgCl,) 36+13h. Determination of 
half-times in the controls was not possible due to the very low 
amounts of glyceollin and THP. 

These results are not in agreement with Yoshikawa's 
conclusion’ that biotic and abiotic elicitors have a diverse mode 
of action, at least in soybean cotyledons. Rates of synthesis of 
glyceollin and of its precursor trihydroxypterocarpan, as well as 
rates of conversion, are very similar with the two types of 
elicitors. From the relatively long half-time of conversion of 
glyceollin, one can conclude that accumulation of glyceollin 
isomers results mainly, if not exclusively, from stimulation of 
their synthesis by the elicitors. The rate of conversion of THP 
very probably represents its transformation to the 2-prenyl 
derivative, a potential precursor of glyceollin’. 

Our results are in agreement with the suggestion of 

















Hargreaves? that mercuric chloride causes the production or 


release of constitutive phytoalexin elicitors. Such elicitors would 
be expected to have the same mode of action as externally 
supplied biotic elicitors. 
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Precocenes induce effect of juvenile 
hormone excess in Locusta migratoria _ 
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indace symptoms of Deal eir Fona ge ; a 
deficiency in certain hemipteroid'** and orthopteroid”** , 
insects. Younger nymphs treated with precocenes moult to 
precocious „Prothetelic nymph-adult intermediates, termed Í 
adultiforms", whereas treatment of older nymphs (to for 

obtaining morphogenetic response) or of adults ri E i 
oocyte development. The precocenes act as ‘anti-allatins’, caus- L 
ing atrophy of the corpora allata (CA)*'*"*. Recent findings — 


suggest that the CA specifically metabolize precocenes to cyto- 


toxic 3,4-epoxy-recocenes, possibly due to the epixidases — 
present therein for JH biosynthesis; the accumulating pre 
cocene-epoxide seems to poison the glands’*""*, This theory is 
supported by the claim that active CA are required for the effect 
of PII in Oncopeltus®'’. We demonstrate here that 7-ethoxy- 
PII (‘Precocene HP = PHD), or PH itself, appli ed to last instar 
Locusta nymphs, induce an effect strictly typical of that of JH 
excess, in spite of eventually exerting the conventional anti- 
allatin effect. Our findings provide strong circumstantial evi- 
dence that supposedly inactive CA of these. nymphs are 
temporarily activated by the precocenes, resulting in an outbur 
of JH biosynthesis before the glands are inhibited or destroyed, 
Crowded nymphs of Locusta migratoria migratorioides, kept 
in routine conditions used in our laboratory", were used for the 
experiments. PHI (ZR 3623, Zoecon) topically applied in 
acetone to 0-27-h-old fifth (last) instar nymphs caused a portion 
of them to moult to metathetelic adultoids, that is, to sixth 
(supernumerary) instar nymphs with some adult characteristics, 
or to sixth instar nymph~adult intermediates (Fig. 1, AD). These 
adultoids were morphologically similar to those obtained after 
implantation of extra CA into early fifth instar nymphs’*"”. 
Some adultoids even exhibited an extra (sixth) moult, although 
they died in its course, being unable to shed off the exuvium. 
Another portion of the fifth instar nymphs treated moulted to. 
‘imperfect adults’ (Joly’s’® ‘imago imparfait’), These are adults 
with curled or twisted wings which occasionally (5-10%)} also 
occur among normal locusts (controls, C in Fig. 2), usually due to 
external disturbances during adult emergence and/or expansion 
of the wings. Imperfect adults are obtained, however, much 
more frequently after implantation of extra CA, , presumably 
mostly due to internal disturbances; their presence int relatively 
large numbers indicates a slight metathetelic effect”, The third 
portion of the nymphs moulted to morphogenetically normal" 
adults. | 
With increasing doses of PIH the number of metathetelic — 
individuals increased (Fig. 2), up to a maximun 
and 6 imperfect adults out of 23 nymphs treated) at 50 py 
nymph. Further increase of the dose, however, resulted 
decrease of the metathetelic forms. At 500 yg per ny 
metathetely disappeared; with regard to morphogenesis (but not 
for other effects, see below) the results were similar to those 
obtained in acetone treated controls. Were PIH a JH analogue, 
increasing doses would have eventually resulted in 100% adul- 
toids. As a reverse trend was observed, PII] would not seem to 
act as a JH analogue in spite of inducing the effect of JH excess at 
lower doses. | 
The duration of the fifth instar was not distinctly affected by 
the dose when subsequent adultoids or imperfect adults were 
obtained; the respective averages for mies two categories were 
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Fig. 1 Sixth instar metathetelic adultoid (AD) of Locusta migra- 

toria obtained after topical application of 7-ethoxy-precocene II 

(‘precocene III’) to 0-27-h-old fifth (last) instar nymphs, in 

comparison with normal acetone-treated fifth instar nymph (NV) 
and normal (sixth instar) adult (NA). 
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presence of yellow colour were sufficient for recognizing 
functional CA in imperfect or morphogenetically normal adults. 
Adultoids, however, especially with dominating larval features, 
often did not show signs of sexual maturation (see also ref. 18): 
in these cases conclusions were limited to the results of the 
examination of the CA. Dose-response data (Fig. 3) yielded the 
customary sigmoid curve, revealing that PIII did induce the 
conventional anti-allatin effect of the precocenes, in spite of 
exerting the metathetelic effect. Interestingly, 50 ug PIII per 
nymph, the dose which induced maximum methathetely (Fig. 2), 
was the closest to EDs» (50% of locusts with non-functional CA) 
for the anti-allatin effect (Fig. 3). 

A single experiment with PII (Calbiochem) revealed that the 
double effect, induction of metathetely (PII, Fig. 2) and anti- 
allatin action (PII, Fig. 3), is not confined to PIII. Studies of 
dose-response relationships of PII with regard to both effects 
are under way, 

Only JH or bioanalogues are known to induce metathetely. 
Since precocenes do not seem to act as JH analogues (see 
above), the metathetely observed by us is presumably a result of 


Dose (ug per nymph) 





189 (range 122-242) h and 228 (122-315) h. For morpho- 
genetically normal adults the overall value was 245 (187-357) h, 
but here some dose-dependent trend was observed; with 
increasing doses the average duration of the fifth instar 
increased from 220 (187-286) h (25 or 50 yg PIII per nymph) to 
275 (215-357) h (500 ug PIII). Morphogenetically normal 
acetone-treated controls gave 258 (215-311) h. Metathetely 
seems to be correlated, therefore, with shorter duration of the 
previous instar. 

The same locusts from which Fig. 2 was obtained were 
maintained for 23-37 days after moult to adults or adultoids. 
The colour of all survivors was then recorded and the locusts 
were dissected; the state of the oocytes was noted in females and 
the CA were examined in both sexes. Lack of vitellogenetic 
oocytes, absence of yellow colour and atrophied CA indicated 
an anti-allatin effect (see ref. 8). Vitellogenetic oocytes and 
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Fig. 3 Dose-response relationships of the anti-allatin effect of 
precocenes. Number of locusts at the examination of the anti- 
allatin effect (23-37 days after moult to sixth instar adultoids or 
adults) is noted with arrows at the meeting point of rising and 
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Fig. 2 Dose-response of precocene induced metathetely. ‘C’, 
acetone-treated controls: ‘Precocene III’ treatment with 7-ethoxy- 
precocene II: ‘PII’ treatment with precocene II. Each column 
represents a single experimental group. Number of locusts in each 
group after the next (from fifth to sixth instar) moult (constituting 
100% for the ordinate) is noted on the top of each column. 
Mortality during the fifth instar did not exceed two locusts in any 
group. Filled area sixth instar adultoids; hatched area; sixth instar 
imperfect adults; unshafled area; sixth instar morphogenetically 
normal adults. 





hanging columns for the same dose and substance. Locusts were 
the same as used for Fig. 2, except for some which died (naturally, 
accidentally or during extra moult of some adultoids) or were lost 
between examination of metathetely (Fig. 2) and of anti-allatin 
effect. The sigmoid curve is the dose-response curve for the 
anti-allatin effect of 7-ethoxy-precocene II (‘Precocene III’). 
Abbreviations and shading as in Fig. 2. 


endogenous JH excess. The CA are the only known source of 
endogenous JH in Locusta and JH titre in the haemolymph is 
undetectable or very low in early last instar nymphs*”**. Thus, 
in accord with conventional concepts, in situ CA seem to be 
rather inactive at this time (although transplanted necessarily 
denervated CA may show activity, see refs 20, 23). At present 
the sole feasible explanation for metathetely seems to be, there- 
fore, that PIII (and PII) directly or indirectly activates the 
nymphs’ own CA resulting in an outburst of JH biosynthesis and 
release. Activated CA, however, presumably rapidly metabolize 
the precocenes to cytotoxic precocene-epoxides which then 
inhibit or destroy the glands'*'®. Thus, precocene-induced CA 
activation is probably very temporary. More active CA may 
destroy themselves more quickly, leaving less time for JH 
biosynthesis. If so, with increasing doses the balance would be 
gradually shifted to produce less JH and more precocene- 
epoxide, resulting in decrease of metathetely and increase of 
anti-allatin effect. This reasoning exactly fits our results, includ- 
ing the eventual complete loss of the effect of JH excess at high 
doses. 
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None of the adultoids or adults turned green in the present | 


experiments. Green colour is caused by JH-in Locusta 


nymphs'*'*?°, but its absence can easily be explained if proco- 


cene-induced CA activation is indeed temporary. The timing of 
susceptibility of the integument to JH may differ for morpho- 
genetic and for colour effects, or alternatively, a longer lasting or 
continuous JH titre (but a low one, as normal solitary nymphs 
are mostly green without morphogenetic disturbances) may be 
needed for green colour induction. Both explanations can be 
reconciled with previous experimental findings and theoretical 
considerations'*’. If this is so, precocene-induced temporary 
activation of the CA may occur in other stages too, but it may not 
become overt. In younger instars no metathetely would be 


discernible and a short outburst of JH excess may be just as - 


insufficient for inducing green colour as in last instar nymphs. 
Moreover, if our interpretation of the results is correct (on the 


_. basis of present knowledge of insect endocrinology no other 


explanation can be offered without wild speculation), 
differences in susceptibility of different species, or of different 
instars of the same species, differences in effectiveness of 
different methods of administration (such as topical application 
and residual coating methods) and eventually possible 
development of precocenes to insect control agents, may all be 
related to precocene-induced activation of the CA. `> 
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precocene III, Mr Y. Toren for keeping the locust cultures and 


Mr P. Amitai for taking the photograph of Fig. t and drawing the. 
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Israel. | 


Received 10 April; accepted 2 July 1980. 


1. Bowers: W. S., Ohta, T., ‘Cleere, J.X. & Marsella, P. A. Science 193, 542-547 (1976). 
2. Bowers, W. S. Pontificae Academiae Scientiarum Scripta Varia 41, 129-156 (1977). 
3. Ohta, T. & Bowers, W. S. Chem. pharmac. Bull. 25, 2788-2789 (1977), 
4. Brooks, G. T., Hamnett, A. F., Jennings, R. C., Ottridge, A. P., & Pratt, G. E. Proc. 1979 
British Crop Protection Conference—Pests and Diseases, 273-279 (1979). 
5. ‘Tarrant, CA. & Cupp, E. W. Trans. R. Soc. trop. Med. Hyg. 72, 666-6681978). 
6.. Unnithan, G. C. & Nair, K. K. Ana. ent: Soc. Am, 72, 38-40 (1979). : 
7. Pener, M. P. & Orshan, L. Israel J. Zool. 26, 262-263 (1977), 
8. Pener; M. P., Orshan, L. & De Wilde, J. Nature 272, 350-353: (1978), © 
9, Némec, Va Chen, T. Tt. & Wyatt, G. R, Acta ent. bohermoslou. 78, 285-286 (1978). 
10. Pedersen, L -E. K. Gen. comp. Endocr. 36, 502-30911978). ` 
11. Chénevert, R:, Paquin, R. & Perron, J.-M. Naturaliste Can. 108, 415-427 (1978), 
12. Unnithan, G. C., Nair, K. K. & Bowers, W. S. J. Insect Physiol: 23, 1081-1094 {1977}. 
13. Schooneveld, H. Experientia 38, 363-364 (1979). ; 
14. Schooneveld, H. Cell Tissue Res. 203, 25-33 (1979). a 
15. Brooks, G. T., Pratt, G. E. & Jennings, R. C. Nature 281, 570-572 1979), . ie 
16. Pratt, G. E., Jennings, R. C., Hamnett, A. F. & Brooks, G. T. Nature 284, 320-323 (1980). 
17, Masner, P., Bowers, W. S., Kalin, M, & Mühle, T. Gen. comp. Endocr, 37, 130460 (197%), 
18. Joly, L. thesis, Univ. Strasbourg (1960). 
19, Staal, G. B. Publ. Fonds Landbouw Export Bur. 1916-1918. No 40, 1- 125 (1961). 
20. Johnson, R. A. & Hill, L. J. insect Physiol. 19, 1921-1932 (1973). 
2k. Joly, i, ‘Hoffmann, J & Joly, P. Acrida 6, 33-42 {1977}. 
22: Huibregtse-Minderhoud, L. thesis, Univ. Utrecht (1979). 
l ages P. “Ann. Soe. ent, Fr. fi 601-608 Eh 





Killed Listeria monocytogenes vaccine 
is protective in C3H/HeJ ; 
mice without addition of adjuvants 
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Resistance of mice to the facultative intracellular parasite 
Listeria monocytogenes involves cellular immunity’, as it can be 
transferred passively with viable lymphoid. cells’ but not with 
serum. Induction of protective immunity can only be achieved 
by vaccination with sublethal numbers of viable listeria?“ or with 
dead listeria in combination with certain adjuvants™*. Killed 
listeria vaccines as such are not protective. Effective adjuvants 
_ are lipopolysaccharide (LPS)*, dextran sulphate (molecular 
_ weight 500,000) and suramin®, whereas Freund’s complete 
z acarani is ineffective“. All these polyanionic substances have a 
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optimally protective if injected in combination with ad 
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incomplete TERU of the dead listeria within the macro 
phage. During the effector phase, however, the adjuvants need 
to be virtually absent®”, so that macrophages are unhampered in 





$. 





eliminating the infective bacteria of an eliciting listeria injec 
We describe here our finding that LPS-nonresponder C3H/ Hej | 
mice, unlike H-2 identical C3HeB/FeJ or H-2 unrelated mice, 
can develop resistance to a lethal dese of viable L. monorcyse  . 
togenes on a single injection with dead listeria vaccine with out | 
any adjuvant added. This suggests that the C3H/HeJ mouse has 
some kind of ‘intrinsic adjuvant’. If present, such 






an intrinsic adjuvant would, in analogy to the effective adju- 


vants’’, probably be a „polyanionic substance. By means of 
protamin precipitation", we have found evidence for the 
presence of such a substance in the serum of C3H/HeJ mice. 
C3H/HeJ (H-2"), C3HeB/FeJ (H-2") and BALB/c {H 2°) 
mice, aged 10-14 weeks, received 10° heat-killed listeria 
control saline injection. The dose of 10° listeria was sho 








Seven days later, protective immunity was tested by in jection of © 
20 x LDsp of live listeria and subsequent daily inspection. of the 
animals for two weeks (LD: = the dese resulting in 50%. death : 
of unimmunized BALB/c mice in similar conditions). None of 
the saline-injected mice, except for one C3H/HeJ mouse, 





survived the challenge with viable listeria (Table 1). Vaccinated 


C3H/HeJ mice, however, in contrasti to BALB/c and even to 
H-2 identical C3HeB/FeJ mice, were significantly protected - 
against the lethal challenge. | 

In view of the current ideas about the development of resis- 
tance towards intracellular parasites” , Our results suggest the 
C3H/HeJ mouse to bear a kind of intrinsic: adjuvant. “This 
adjuvant might be cell-linkedy ‘perhaps identical to the macros 
phage defect’. According to this hypothesis, defective macro- 
phage processing would result in incomplete degradation of 
immunogenic elements of the dead vaccine, promoting the 
induction of protective imm unity. During the effector phase; 
however, the macrophage defect of the C 3H/He] mouse could 
be corrected by lymphokine production’? . Another explanation 
of our findings might. b the intrinsic adjuvant of the 
C3H/HeJ mouse is not ge) linked, but that it is, 
for instance,.a soluble As the effective adjuvants 
are polyanionic substan erum of C3H/HeJ-mice was 
investigated for such a ce by protamin sulphate pre- 
cipitation” F and the C mouse was compared with the 
i se, AS Table 2 shows, a 
) was indeed present in 
basal in C3 a and. 
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Tabie 1 Resistance of the mouse strains to a lethal listeria: infection 
after niece with a dead vaccine x t 
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Injection 
Mouse (sub)strain Vaccine Saline 
C3H/HeJ | 24/30 ek 
C3HeB/FeJ | 3/30 1/30 
BALB/c 9/30 0/30 


Groups of five male C3H/ HeJ, C3HeB/ Fej and BALB/c mice were 
injected intraperitoneally with 10° heat-killed (60 min, 56 °C) listeria or 
saline. Seven days later, the animals were challenged intraperitoneally 
with live (20 x LDso) listeria. The numbers of survivors on the numbers 
of mice challenged were recorded for 2 wetks. Results of six such 
experiments are summarized above. 
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Table 2 Serum levels of protamin precipitable factor 


P value 


PPF serum level | 
(Student's t-test) 


Mouse (sub)strains (units ml’) 


C3H/HeJ 291 +32 
C3HeB/FeJ 133 +20 <0.0005 (two-sided) 
BALB/c 68+4 « 0.0001 


Groups of 20 male C3H/HeJ, C3HeB/FeJ and BALB/c mice were 


bled for individual sera by retro-orbital puncture at 11.30 p.m. To 20 pl 
of serial dilutions.of these sera, 2 ml Veronal-buffered saline, pH 7.4, 
containing 0.15 mM Ca?* and 0.5 mM Mg”" (VSB**)"” and 250 ug 
protamin sulphate, dissolved in 25 pl of VSB”, were added. The 
mixture was incubated at room temperature for 20 min, whereafter the 
turbidity was determined by measuring the E450 against a serum blanco. 
As found for heparin, which was used as reference, a linear relationship 
between the serum concentration and the turbidity was observed. PPF 
concentrations have been expressed in equivalents of heparin units. 


PPF would resemble heparin in more than one respect: heparin 
is easily precipitated by protamin, it is an inhibitor of several 
enzyme activities'®, most probably also within the macrophage 
into which it is easily incorporated’’. Moreover, it mimics the 
effects of the C,, inactivator system in preventing C3,-B 
complex formation’*. The identity and activities of PPF will be 
subject of further study. 


Whatever the case, our observations on the development of 


protective immunity on injection with a dead listeria vaccine and 


on the high PPF levels in the C3H/HeJ mouse are expected to 
bring new insights in both the acquisition of resistance to 


intracellular parasites and the defect(s) of the C3H/ HeJ mouse. 


Received 21 April; accepted 18 June 1980. 


. Mackaness, M. B.F exp. Med. 116, 381-406 (1962). 

Mackaness, M. B. J. exp. Med. 129, 973-992 (1969). 

. Hasenclever, H. F. & Karakawa, W, W. J. Bact 74, 584-586 (19573, 

, Kerckhaert, J. A. M., Hofhuis, F. M. A. & Willers, J. M. N. Immunology 32, 1027-1032 
{1977}. 

. Rodriguez, G. E., MeClatchy, J. K. & Campbell, P. A. Infect, Immun. 10, 1163-1169 
(1974). 

6. Vander Meer, C., Hofhuis, F. M. A. & Willers, J. M, N. Nature 269, 594-595 (1977), 

7. Willers, J. M. N. et al, Antonie van Leeuwenhoek 45, 41-48 (1979). 

8. Habn, H. Infect. Imman. 10, 1105-1109 (1974). 

9. Hahn, H. & Bierther, M. Infect. Immun. 10, 1110-1119 (1974). 

0. Graham, D. T., Pomeroy, A, R. & Smythe, D. B. Thromb. Haemostasis (Stung) 41, 

583-589 (1979). 

11. Rucu, L. P. & Meltzer, M. S. J. Immun. 120, 329-334 (1978). 

12. Vogel, S. N. & Rosenstreich, D. L. J. Immun. 123, 2842-2850 (1979). 

13. Mayer, M. M. in Experimental Immunochemistry 2nd edn (eds Kabat, E. A. & a 

M. M.) 133 (Thomas, Springfield, 1961). 

i4. Hoffmann, M, K. J. lamun. 121, 619-621 (1978). 

15. Van Dyk, H., Van ‘Heuven-Nolsen, D., Rademaker, P. M., Bloksma, N. & Willers, J. M. 
Cell Immun. $1, 402-407 (1980. 

16. Jaques, L. B. Science 206, 528-533 (1979). 

17, Mahadoo, J. & Jaques, L. B, Med. Hypath. 8, 835-842 (1979). 

18. Weiler, J. M., Yurt, R. W. & Austen, K. F. J. Immun. 120, 1802 (1978). 


de WD 


a 





Mechanism of origin of 
complete hydatidiform moles 
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Complete or ‘true’ hydatidiform mole, an ahnorthality of human 
gestation, is characterized by hydropic degeneration of all 


placental villi, marked hypertrophy of the trophoblast, absence 
of a fetus and a propensity to become malignant. The 
chromosome constitution of complete moles is usually 46,XX'” 

and Kajii et al. reported that the entire genome in seven out of 


seven cases was paternal in origin, with all centromere markers. 


homozygous for paternal: ‘heteromorphisms* . These observa- 
tions, since confirmed**, can be explained by the fertilization of 
an ‘empty’ egg—no effective genome—by either a haploid 


sperm that then duplicates without cytokinesis, to restore the 


diploid number, or by a diploid sperm resulting from failure of 
the second meiotic division. We report here a study of a series of 
complete moles that shows the first alternative to be correct in 
the majority of cases. * 

Diploidization of the sperm would result in an idy 
homozygous conceptus, while fertilization with a diploid sperm 
would give rise to heterozygosity for some of those genes 
heterozygous in the father and situated distal to the points of 
exchange. As all chromosome heteromorphisms are situated at 
or very near the centromere they cannot be used alone to 
distinguish between the two mechanisms of origin. We therefore 
studied the phosphoglucomutase, (PGM,) genotypes, as well as 
both C and Q-band chromosome heteromorphisms of an 
unselected series of complete moles and their parents from 
Baltimore and Hawaii. 

PGM, has two common alleles with gene frequencies of 
approximately 0.76 and 0.24 (ref. 6). The locus is on the short 
arm of chromosome 1 and maximum likelihood estimates 
suggest that in males it fs 50 centimorgans from the centromeric 
heteromorphic band at q12 (ref. 7). We restricted our analyses 
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of non-centromeric markers to PGM, because that is the only 
locus available to us (1) with a genotype that can be determined 
reliably in both parental blood and fetal tissue; (2) with a high 
frequency of parental heterozygosity; and (3) which is situated 
sufficiently far from the centromere to ensure frequent recom- 
bination with it. 

Results for 24 moles are shown in 1 Table t: In 20 cases 
successful chromosome studies were completed.on cells cultured 
from the mole and both parents, and in a further 4 from mole 
and mother alone. Twenty-one moles had a 46,XX constitution, 
one had an additional medium-sized chromosome in the few 
cells we could analyse, one had a variable count with a mode at 


85,XXXX and one was 46,XY. Cultures from nine 46,XX moles ` 


were treated with 5-bromodeoxyuridine (BUdR) and the cells 
were stained with acridine-orange to investigate X-chromosome 
allocycly®. All nine moles had a single allocyclic X in more than 
96% of metaphases examined and were thus indistinguishable 
from cells from normal females. 

In 22 moles the centromeric heteromorphisms in all informa- 
tive chromosomes appeared homozygous and clearly of paternal 


origin. The PGM, genotype of the mole and both parents was 


determined for 14 of these 22 moles and in a further 3 cases for 
the mole alone. In all 17 cases, including 6 in which the father 
was known to be heterozygous, the mole was homozygous. 
Based on gene frequencies, it can be estimated that; if the moles 
originated from a diploid sperm resulting from failure of the 
second meiotic division, 6.2 of the 17 tested moles would be 
heterozygous at the PGM, locus as would 4.0 of the 6 in which 
the father is known to be heterozygous. The absence of 
heterozygosity at the PGM; locus is significant both for the total 


number of moles tested (P<0.001) and for the offspring of 


known heterozygous fathers (P < 0.01) and is therefore strongly 
supportive of a haploid sperm origin for most of the 46,XX 
moles. 

Yamashita et al.” reported the HLA specificities of 13 moles 
and their parents and in 11 informative matings the moles 
showed no heterozygosity. However, the maximum likelihood 
estimate for the distance of the HLA loci from the centromere of 
chromosome 6 in males is only 8 centimorgans (B. J. B. Keats, 
personal communication). Thus HLA is an inefficient locus for 
determining the exact origin of 46,XX moles and in a series of 11 
the expectation of heterozygosity, given an origin by failure of 
meiosis I] leading to a diploid sperm, isonly 1.8, not significantly 
different from the zero observed. Lawler er al,” tested five 
different loci in parents and moles and found the mole to be 
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observations on 24 complete moles 


"Chromosome heteromorphisms* 
l 3 g Eo’ 9 13 14 15 16 24 22 «PGM, t type. 








aa aa ab ab ab 
— be ab — cd — bb me — ce “on 









Mole 
Pat aa 

Mat m bb — -l — _ — cane ver 
Mole aaaa 

Pat ab ab ab aa aa 

Mat ee ee — ac cd ab bb — _ -l we 
Mole ac be ac ab ab 

Pat aa ab aa ab aa ab aa &b aa = 








K991 . . 46,XX 
o K1040 46,XX 
K 1064 46,XX 
K1200 46, XX Mat menas — — ab ab = — aa ab i-2 
Mole aa aa aa ab ee EL 
Pat ab ab aa ab ab ab 1-2. 
K1248 46,XX Mat — ac — — ac ab bb aramee ac ab ei 
Mole aa aa 2a aa aa aa 1-1 
: Pat ab ab ab fei 
K1250 -47 XX, +C Mat mns a bb — cd oo cd a = ~— 1-2 
Mole aa aa aa 1-1 
Pat aa aa ab ab aa 1-1 
K1359 46,XX Mat — ab be — be oe —_ — ab ab 1-2 
DA EER a y ake SEG Mole aa aa aa aa aa i-l 
E ae aa Pat ab ab ab aa ab ab ab 
< S32 O O 46XX { Mat aa ‘i aa ~ aa — be ce aa bb ms 
Le a e . Male aa aa aa aa aa aa an 
Soe Bees se tee oo Pat ab ab ab ab aa ab ab i-] 
$26 -  ...  46,XX Mat — be ab —_ be cc ab ac “ne ab 2-2 
| | Mole aa aa aa aa aa aa aa 1-1 
Pat ab ab ab aa aa ab [eg 
S28 46,XX Mat — ac _ a cd ac ab oon ab ac i-1 
Mole aa aa aa aa aa bb Zez 
Pat ab ab ab ab ab 1-2. 
$30 46,XX Mat ~ ac — — ac ac aa = aa ne þet 
Mole bb bb bb aa aa l-l > 
Pat ab ab ab ab aby aa j-1 
Mat oe ac — — ac aa aa oe ab be [a2 
Mole aa aa bb bb aa aa LOS 
Pat aa ab ab 1-2 
Mat —— ab — — mee aa — a oe ac LE 
Mole aa bb aa Res er 
$35 46,.XX Mat == ab — ~ ab — ab ~ ab ab 2-2 
Mole cc ce ce or ce 1-] 
Pat ab ab ab ab aa 4-2 
$39 46,XX Mat — ac = = ac — cd ~ aa ab be? 
ae i Mole aa aa aa aa aa QZ 
grei Lo ai Pat ab ab ab ab S ab ab 1-4 
$40 46 KX | Mat mane ac ab e be = cc — aa an 1-20 
| i Mole bb aa aa aa aa aa {i 
Pat ab ab aa ab 1-2 
S41 46,X¥ _ Mat aa one — _ ab ~ man -ab ne ab Li. 
{1 Mole ab aa aa aa 1-1. 
Pat aa aa ab ab ab lei 
S45 46,XX Mat an bb — — ab ce bb — ~ ac 1-1 
Mole aa aa aa bb aa lei 
Pat aa ab ab ab aa ab 1-2 
. S46 -46,XX Mat mma ab meee pem cd aa ce a ab ab 1.2 
Mole aa aa aa aa aa ag Zez 





* Heteromorphisms of chromosomes 3, 4, 13, 14, 15, 21 and 22 were studied on Q-banded preparations’? while those of chromosomes 1, 9 and 16 were studied on. 
a _ C-banded slides'?; a, b and c are symbols and do not re resent specific heteromorphisms. 


. + PGM, genotyping was carried out on parental red če , molar tissue and cultured fibroblasts by cellulose acetate electrophoresis. In each case, the result from tatlar 
a assay was confirmed in cultured cells derived from the specimen. 
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homozygous in 18 informative tests in which the father was 
heterozygous. However the distribution of the 18 tests among 
the loci examined is not given and, as the centromere distance is 
not shown for many of the loci, it is not possible to determine the 
significance of their data, although they support a haploid origin. 

Two atypical moles in our series are worthy of comment. In 
one, a 46,XX mole (K739), many of the centromeric 
heteromorphisms appeared heterozygous and comparison with 
the parental chromosomes showed this mole to be the product of 
a normal conception containing both a paternal and a maternal 
genome. We could not determine the origin of the single 46,XY 
mole (S41) because the centromeric heteromorphisms and 
PGM, observations were compatible with either a normal 
conception or fusion of two sperm with an empty egg, although 
they excluded fertilization by a diploid sperm. Observations on a 
46,.XY mole have been reported that suggest a paternal origin 
resulting from the fertilization of an empty egg by either two 
haploid sperm or a diploid sperm that arose by failure of the first 
meiotic division’'. 

The observation that there are at least three mechanisms of 
origin for complete moles, each with different genetic impli- 
cations, is important in the formulation of a hypothesis to 
explain the propensity of complete moles to undergo malignant 
transformation. It would be interesting to know whether such a 
propensity is a property of all three types of complete moles or 
whether it is restricted to, or more prevalent in, any one class. 

We thank Tai Do and David Hilbert for PGM, assays, and 
Aileen Matsuyama and Irene Buchanan for culturing moles. 
This work was supported by grants HD 07879 and HD 05465 
from NIH. 
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Bone-forming cell line 
derived from embryonal carcinoma cells 
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The use of established cell lines of various types has provided 
information on the properties of certain stem cells and on the 
conditions of their differentiation. No bone-forming cell line has 
so far been described. We report here the isolation, from in vitro 
differentiating teratocarcinoma cells’, of a line which, on sub- 
cutaneous injection into syngeneic mice, gives rise to ossicles. 
The appearance of ossicles is preceded by the formation of a 
cartilaginous matrix, thus reproducing what has been described 
as endochondral differentiation’. The ossicles obtained are 
rapidly colonized by host marrow, are non-malignant and stop 
growing 2 weeks after injection of the cells. In certain condi- 
tions, however, osteosarcomas, chondroosteosarcomas and 
fibrosarcomas can be obtained. From these tumours, cell lines 
have been isolated witich retain in vitro the properties of the 
cells found in the tumour. 
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Cell line 3/A/1D-1 was isolated from differentiated cultures 
of the embryonal carcinoma line PCC3/A/1 after in vitro 
differentiation’. These cells have a pseudo-epithelial 
appearance, are contact-inhibited and aligned at confluency. In 
electron. micrographs, numerous intracisternal virus-like A 
particles, but no C particles, can be seen. 

Two weeks after subcutaneous injection of 2 x 10° cells into 
129/Sv mice, an ossicle is formed at the injection site in 50% 
(45/91) of the mice. The formation of these tumours has been 
followed by histological examination (Fig. 1a—f). The initial step 
seems to correspond to the development of primitive mesen- 
chymal cells (Fig. 1a) which, after 2 weeks, give rise to chon- 
droblasts and chondrocytes (Fig. 14,c). These cells show the 
typical transformation that is observed in endochondral 
ossification, with mineral deposits near the surface of the hyper- 
trophied chondrocytes and in the peripheral matrix (Fig. 1c,d). 
Then, foci of haematopoiesis and typical marrow appear inside 
the bone cavity (Fig. le,f). Marrow smears show classical bone 
marrow cells, including erythrocytic and granulocytic cells as 
well as megakaryocytes. The ossicles thus obtained are benign 
tumours; they stop growing 2~3 weeks after injection of the cells 
and some ossicles have been observed for 1 yr without further 
changes. However, within 2-4 months, fibrosarcomas 
frequently appear (20 out of 42 129/Sv mice observed during 6 
months). These tumours develop independently of whether or 
not the mice form ossicles. Thus, between the 20 mice present- 
ing fibrosarcomas, only 10 had previously developed an ossicle. 
Three independent fibrosarcomas were transplanted 5 to 10 
times in 129/Sv. In some of these tumours, bone cells could be 
observed. 

The manner in which the cells were injected was of 
importance for further development of the tumours. When 
subcutaneous lesions were provoked by scratching, the percen- 
tage of ossicles formed increased from 50 to 100% (41/41). 
Furthermore, in most cases malignant osteosarcomas and/or 
fibroosteosarcomas developed (Fig. 1g,h). In certain species, 
such as rabbit and rat, various treatments’* or inert 
substances% are known to cause subcutaneous development of 
ossicles. Therefore the origin of the different elements found in 
ossicles formed upon injection of 3/A/1 D~1 cells was studied. 
First, no ossicle was ever observed in control 129/Sv mice 
injected with medium alone, with or without subcutaneous 
lesions (0/18). Therefore, the mere production of lesions is not 
sufficient to induce ossicle formation in mice. Second, mice from 
strains other than 129/Sv were injected with 3/A/1 D-1 cells. 
Whatever their major histocompatibility (H-2) haplotype, none 
developed any ossicles (0 out of 42 allogeneic injections), Even 
mice bearing an H-2” haplotype (as do 129/Sv) were negative. 
The injection and the presence of the cells for only a few days 
(before allogeneic rejection) are insufficient for the develop- 
ment of ossicles. 

To reduce the possibilities of a contribution by the host, 
3/A/1 D-1 cells were injected into the eye of 129/Sv mice. In 
every case, the development of bone tissue could be observed. 
As in the case of subcutaneous injections, the process began by 
the appearance of mesenchymal cells, rapidly followed by 
chondrocytes and osteoblast cells. However, no bone marrow 
could be observed in these conditions. 

A direct study of the origin of the different elements of the 
ossicles was then carried out. After injection of 3/A/1 D-1 cells 
into (129/SvxCS7BL)F, mice, marrow-containing ossicles 
were formed at the site of injection. The origin of the marrow 
cells present in such H-2°/H-2* hybrids was studied by cyto- 
toxicity tests with anti-H-2 sera. Bone marrow cells were found 
to respond to both anti-H-2.2 (which detects private specificity 
2 of H-2°) and anti-H-2.32 (which detects private specificity 32 
of H-2*) sera (Fig. 2). Thus, the majority of bone marrow cells 
appear to be of host origin. To study stromal cells*’, 3/A/1 D-1 
cells were injected into (129/Sv x Rb 163)F,; mice which carry a 
metacentric chromosome (9-19) as marker. The bone cavities of 
the ossicles obtained were flushed and the cells put in culture. 
Karyotype analysis of epithelial and pseudofibroblastic cells 18 
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Fig. 1 Tynes of tumours obtained 
by subcutaneous injection of 3/A/1 
D-1 cells. a-f: Ossicle formation. 
Detectable tumours appear 9-14 
days after subcutaneous injection of 
cells. Final ossicle (as shown in f) is 
found 2-3 weeks after injection. a-e 
Illustrate earlier aspects of tumours 
dissected shortly after their 
appearance. a, Primitive mesoblast 
(12-day old tumour); b, pre- 
cartilaginous nodule (10-day old 
tumour); e, ossification (o) at the 
periphery of cartilage (c) (10-day old 
tumour); 7, trabeculation of the 
bone (13-day old tumour); e, forma- 
tion of medullar cavity (14-day old 
tumour); f, mature ossicle with mar- 
row (transversal section, 60-day old 
tumour); & A, malignant prolifera- 
tion; g, abnormal cartilage (45-day 
old tumour); A, osteochondrosar- 
coma. a, cartilage; b, trabecular 
bone; é, mesenchyme (90-day old 
tumour). Cell line 3/A/1 D-1 was 
isolated frem embryonal carcinoma 
cell line FCC3/A/1 after in vitro 
differentiation’. 210° PCC3/ 
A/l cells were plated on tissue 
culture etri dishes (Falcon, 
diameter 10cm) and kept at 
confluency 25 days later, various 
types of mesodermal derivatives 
were apparent. The cells were dis- 
sociated with 0.05% trypsin and 
replated a different densities. One 
week later the culture medium was 
replaced fcr three days by a medium 
enriched im KCI (1 M final), a treat- 
ment found to kill selectively 
embryonal carcinoma cells. After 
several weeks, surviving differen- 
tiated cells stopped growing. Two 
months later some clones began to 
multiply. One of these was isolated 
and recloned. It was called 3/A/1 
D-1. The cells were cultivated in 
Dulbecco's modified Eagle medium 


SERA 


qt 


ae as 
x 


=- 


r aiy Pi 
ar 


o  ™® 


€ 


E So a N 





(DMEM) with 15% fetal calf serum (Gibco). Cells were maintained at high density (not below 10* cm~”) and replated every 2 days after mild 
treatment with trypsin (0.05%). To obtain benign bone formation (F), 10° to 5x 10° cells were injected subcutaneously into mice (in a total 
volume of 0.5 ml of DMEM). Tumours appeared not later than 2 weeks after injection, in 50% of injected mice. No delayed appearance of bone 
was observed in the negative mice. To obtain malignant growth (g, h), lesions have to be provoked by scratching at the time of cell in jection. In 
this case, 100% of the mice present an irregular ossicle after 2 weeks. In the majority of cases, this ossicle continued to-grow (g, h) and was found 


to be transplantable. 





Table 1 Origin of osteosarcomas and fibrosarcomas obtained in F, 
(129 x CS7BL) as shown by reinjection into parental mice 





No. of mice developing tumours 





No. of mice injected 


F, 129/Sv C57BL 
H-2™/H-2*  H-2"/H-2" #H-2*/H-2* 

Osteosarcoma 

1903 2/2 2/2 0/2 

1860 2/2 2/2 0/2 

1969 3/3 3/3 0/3 

2055 2/2 2/2 0/0 
Fibrosarcoma 

1738 2/2 2/2 0/2 


-_— Sse 


The tumours were dissected and dissociated by mincing with scissors 
in DMEM + 1% fetal calf serum. They were reinjected subcutaneously 
or subcutaneously and intraperitoneally using a needle of 0.8mm 
diameter. The injected mice were males approximately 8 weeks old. 


days after the beginning of the culture showed the presence of 
both host cells (39 chromosomes, | metacentric and 78 
chromosomes, 2 metacentrics) and 3/A/1 D-1 cells (75 
chromosomes, no metacentric) (Fig. >). The latter cells behave 
like established cells and continue to proliferate when femoral 
marrow control cultures have stopped growing. A cell line 
(3/A/1 D-1 M) has been re-isolated “rom these cultures. After 
subcutaneous injection of such cells into 129/Sv mice, a typical 
ossicle colonized by marrow cells is formed. Osteosarcomas, 
however, have never developed from these ossicles. Similar 
behaviour has been observed with a 10-month old ossicle of a 
129/Sv mouse. Thus, even long after the formation of the 
ossicle, cells derived from 3/A/1 D-1 that conserve certain of 
their properties can be isolated among stromal cells of the bone. 

The origin of the bone cells found after injection of 3/A/1 
D-1 cells into a mouse cannot be stucied directly in the ossicles 
formed. However, it can be reasonab’y assumed that the osteo- 
chondrosarcomas that are frequently formed when lesions are 
provoked at the site of injection have the same origin as the bone 
cells of ossicles. Thus, we have invest gated the origin of osteo- 
chondrosarcomas obtained in (129’SvXC57BL)F, mice. If 
derived from F, mice, these tumours should be rejected by 
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Fig.2 Origin of ossicle marrow cells found in F; mice: ‘cytotoxic . 

effect of anti-H-2° and anti-H-2" sera. Cytotoxicity experiments 
were carried out as described in Artzt et al.'°. Cell viability was 
estimated by trypan blue exclusion. Marrow cells from the ossicle 
were obtained by flushing the bone cavity with DMEM+5% 
immunoglobulin precipitated treated serum (IPT, Gibco). The cells 
were centrifuged, washed and red blood cells were lysed with a 
solution of ammonium chloride (0.87% in H20). After one addi- 
tional centrifugation, cells were finally resuspended in Hank’s + 
4% IPT at 10° cells m`? . The anti-H-2° serum (B10D2 x A)F, 
anti-B10A (2R) recognizes only private specificity 2. The anti-H- 
2* serum (B10A x A) anti-B 10K recognizes only private specificity 
32, These two sera are a gift of Dr D. Schrefler. @, Anti-32 serum 
and W, anti-2 serum on ossicle marrow cells; O, anti-32 serum and 

C, anti-2 serum on lymph node cells. 


129/Sv and C57BL mice. However two tumours obtained in F, 
could be successfully transplanted in 129/Sv (but not in CS7BL 
mice (Table 1). In several transplantations (5 to 15 transfers), 
these tumours retained their osteochondrosarcoma nature. 


Cells of one of these tumour lines have been established in 


culture (3/A/1 D-1 T°). The cells are not contact-inhibited; 
they have an aneuploid karyotype different from that of 3/A/1 


of A-type virus particles (like in 3/A/1 D-1). When injected 


into mice, these cells always produce osteochondrosarcomas, - 


even after conversion into the ascitic form. 

A similar analysis was done with some of the fibrosarcomias 
which develop when 3/A/1 D-1 cells are injected without 
scratching. Like the osteosarcomas, these tumours are derived 
from injected cells (Table 1). 

In conclusion, when injected into compatible mice, 3/A/1 
D-1 cells induce the formation of a structure very similar to 
normal bone and/or’ osteochondrosarcomas. All the available 
evidence supports the hypothesis that the bone cells are formed 
directly from 3/A/1 D-1 cells. Although not completely 
excluded, the alternative hypothesis, that is, that 3/A/1 D-1 
cells induce host cells to differentiate into bone, seems unlikely. 


4, a | 
2 z 


71 747576 | 
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Fig. 3 Karyotype analysis of 3/ A {1 D-i (a), of stromal cells from 
ossicles obtained in (129/SvXx Rb 163)F, after 18 days in culture 
(by, and of 3/ A/1 D-1 T cells (osteochondrosarcoma cells) (c). 
Mitotic figures were obtained as described in Rothfels and 
Siminovitch’’. Rb 163 refers to strain Rb(9-19) 163 Harwell, 
carrying a robertsonian fusion of chromosomes 9 and 19. The 
number of such metacentric chromosomes is given under the 

number of chromosomes (lower part). 


late the ossicle. In certain condition: 


The-host, however, oabi: to the marrow cells which popu- 
s, Malignant cells can be. 
selected in. vivo from such tumours. T ese cells may (osteo- 
chondrosarcoma) or may not (fibrosarcoma) express chondro- _ 
cyte and. bone potentialities. They probably derive from pre- 
existing variants of the cloned cells and are selected in unknown 





conditions. All these cell lines provide valuable model systems 


for the study of normal and abnormal behaviour of osteogenic 
cells. 
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‘Human T-cell callin from 


virus-sensitized donors 
can mediate virus-specific 
and HLA-restricted cell lysis 


| K. K. , Seth L Strochmann* & H. Bra dis 
D-1 (Fig. 3). Electron microscopic analysis reveals the presence —— is i, | 7 nd 


7 Institut für Med. Mikrobiologie und Immunologie, Universitat Bonn, 


Human cells infected with viruses such as herpes simplex virus 
(HSV) or Epstein-Barr virus (EBV) become susceptible to the 
lytic action of-a distinct population of lymphocytes termed 
natural killer (NK) cells present in the blood of normal (sero- 
negative) and sero-positive individuals’” - Although NK cells 
probably represent a subset within the T-cell lineage’, they are 
apparently not restricted in their lytic activity by the major 
histocompatibility complex (MHC) determinants as are most 
cytotoxic T lymphocytes (CTLs; ref. 5), but can potentially lyse 
a variety of unrelated virus-infected® or uninfected cultured 
cells*’. In studies with murine models, it has been demonstrated 
that HSV®” or murine cytomegalovirus (MCMV) specific™®™ 
CTLs show the phenomenon of H-2 restriction initially 
described by Doherty and Zinkernagel with the LCM virus 
system’’, which is that the CTLs and targets must share H-2K or 
H-2D products. However, studies in man have not demon- 
strated the existence of HSV- or human cytomegalovirus 
(HCMV)-specific CTLs showing HLA (human analogue of 
mouse H-2) restriction in their lytic activity towards virally 
infected targets. We demonstrate here that T cells from the 
peripheral blood of patients recently cured of HSV or HCMV 
infections, when triggered in vitro with specific antigen and 


` grown as long-term cultures in the presence of T-cell growth 


factor (TCGF), can mediate virus-specific and HLA-restricted 
lysis of virus-infected targets. We believe this to provide the first 
evidence that HLA-restricted and virus-specific T-cell mediated 
cytotoxicity can be demonstrated in human-HSV and HCMV- 
systems. These HSV- or HCMV-specific CTLs could be — 
important in limiting the in vivo spread of the respective viruses 
and/or in the pathogenesis of the disease caused by them. 





* Medizinische Klinik, iachasnoiomacbe Abteilung. Universitat Bonn, FRG. 
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, colls) of appropriate effectors. Aftor centrifugation (50g for 10 min) the tubes were incubated for 4 h at 37 °C. The tubes were 
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Data are presented for eight blood donors; three of them (Ar, aia es a a 


` recent (1-2 months) CMV poeuinonite and two (Me, Nk) were hospitalized for infectious PBL3 from hoparinmed blood of each’ donor were isolated on 
janet 7 Ae, sth Nyco) gradients’. Wathed PBL suspensions were propared in growth medyum (Gif) containing RPMI 1640 (Flow), 20% heat- inactivated 
(sero-negutive for HSV, CMV and EBV), 25 mM HEPES buffer, 200 mM glutamine, 5x 10-7M 2 and antibiotics Aliquots (5 ml) of 

TONE LO aah oe Gores vel POIs sce t9 eae padUclinevinas ware mice whl UV say iacivated wani (l 1 pI) of epectfic virus (10* plaque-forming units 
_ (PFU) of HSV-1 stram Thea, 10° PFU of MCMV strain AD 169 or 100 pl of EBV obtamed as stock virus from Dr Roggsndott, Univeratty of Munch). After 5 days at 37 °C 
m a humidified atrhoephere.wrth 5% CO, T cells were separated from strmolated PBLs zs prethously described'*4. Bnefty, washed suspeasion (107 cells mi~?) was added 
to equal volumes of 2% washed SRBC and normal buman serum pre;absorbed with SRBC: After-centrifugation at 50g for 5 min, the mixture was-layered on 
Ficoll-Hypaque, at 4 °C for 30 min and then centrifuged for 30 min at 200g. Rosetting cells, that is, the T-cell enriched population, were sedimented with SRBC 
which were subsequently lysed by hypotonic shock and the remaining cells suspended in GML These stimulated T cells were maintained inJong-term cultures by seeding 10° 
colle in individua! wells of:24-well Costra tissus culture’ cuthes with GM plus 20% TCGF (1-5 ml well‘). TCGF was prepared as descnbed elsewhere '*!7. Briefly, PBL 
(5 x 10* mI’) from normal donors were cultured with PHA (1 pg mI’) in a total volumes of 5'mi GM. After 48 h at 37 °C, the coll-free supernatant was filtered (0.22 um 
Millipore filter) and stored (— Fe eT ee ery Ce en ee eee a 
GM-TCGF. On days 15-45, ee ee oe assays. As targets, secondary human cultures from HLA-typed 
individuals were prepared in 25-cm flakes and moculated with 5 cell of HSV or MCMV, CMV. After viras adsorption (37 "C for 1 ), the mondlayers were washed and fed 
' with GM containing 100 pCi Naz’ CrO, Mock-infected cultured wore incubated with 2"Cr ailamal: After 4 i -nfécted) or 8 h (HCMV-infected) monolayers were 
. daaggrogated by 0.25% trypsin; washed and suspended in GMA. Aliquots (100l; 10° calla) Of test targets were mifzed in round-bottomed plastic tubes with 100 pl (2-5 x 10° 
recentrifuged (400g for 10 min) in the cold 
and, from each tube, 100 u of t was collected and counted m a y counter. The results are’ expressed as % specific **Cr reiease according to the formule: 
100 x (E — §)/ (M — $), whore E = release ‘test, § = spontaneous release fn médium along, Af = maximum radioactivity releasable tn c.p.m. in 1% Triton. Daring the 4-h 
amay period the leakage of *'Cr frorn HSV- a eee EE ae em alae ses O el A Ortegat alaaa kie cen 


Since standard errors of triplicates seldom excheded 3% eee Seg oe ee On ey 
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H -blaod was obtained ini elected Bo a. 
tized to HSYV-1 (three subjects), HCMV (three subjects) and _ 
EBY (two,subjects).. Peripheral blood mononuclear leukocytes . 
(PBL) were purified over. Ficoll-Hypaque density gradients by ` 
‘centrifugation’, Freshly isolated or cryopreserved PBL samples . 
from sensitized donors were stimulated with specific antigen for > 
-5 days in vitro. The activated T cells were separated by rosetting - 
, „with sheep red blood cells (SRBG) as described previously'*!°: T 
cells collected. from each individual were maintained in'long- . 
term ‘proliferating cultures using TCGF obtained ‘‘as- 48-h. 
supernatant „from : phyto utinin (PHA; Wellcome)-. 


failed). In initial experiments; target cells were prepared by 
stimulating normal PBL from individual donors for 4 days with 
. PHA(T blasts), The T blasts were then infected with virus and 
- similtarieoysly labelled with “Cr. However, when the effectors 
` were titrated against such targets, the level of spontancous *'Cr 
release wasivery high {up to 25%). Because of this drawback 
(althougf it had no significant influence on the interpretation of 
the-results), human skin fibroblast cultures were established 
from HLA typed individuals by a 


haemagg) 
stimulated normal PBL!” After 20-45 days of in vitro culture, 
the. proliferating ‘T-cells ‘of each: donor were: tested: for lytic ` 
-activity. against:selected ‘panels’ of HSV; or HCMYV infected 
ee hy T Ch-toleaso' assay (all artempta to detect the ; 


targets.” a cr wa 

Table’ 1 shown that long-term T-cell cultures originating from 
three - HSV. sensitized - jndividuals-. (Ar, Ru, Se) exerted 
reproducibly strong lytic activity towards HSV-infected but not . 





' presence of immunogiobulin-producing cells in these cultures 


standard jure", infected: - 
with HSV- òr. HOMY; labelled, with “Cr and then used as - 


x 


720 





HCMV-infected autologous or HLA-A/B related fibroblast 
targets when assayed at an effector-to-target cell ratio of 50:1. 
Conversely, cultured T cells from three donors (Ki, Nn, Tr) 
sensitized to HCMV exerted a high level of lytic activity towards 
HCMV- but not HSV-infected autologous or HLA-A/B- 
matched targets. Freshly isolated PBL from sensitized donors or 
those stimulated in vitro with specific antigen for 5 days showed 
lytic activity towards virus-infected targets but this was not HLA 
restricted (data not shown). Apparently, for the generation of 
virus-specific and HLA-restricted secondary CTLs, the growth 
of specific antigen-triggered CTL precursors in nonspecific 
TCGF was mandatory. Controls, in identical conditions, proli- 
ferating long-term T-cell cultures from two donors sensitized to 
EBV showed no preferential HLA-restricted lysis of HSV- or 
HCMV-infected targets; these T cells, however, could lyse 
EBV-infected autologous or HLA-matched B blasts to very 
high levels (unpublished data). Generally, T cells from normal 
donors (seronegative for HSV and HCMV) were difficult to 
maintain in continuous cultures. However, T cells from two 
selected sero-negative donors could be established as long-term 
cultures but these, although highly efficient in mediating 
nonspecific lysis of targets, showed no evidence of virus 
specificity and HLA restriction (data not shown). 

It is obvious (Table 1) that both HSV- and HCMV -sensitized 
T-cell cultures could mediate low but significant levels of cyto- 
toxicity against homologous virus-infected and HLA-A/B- 
different (unmatched) targets. However, the amounts of *'Cr 
released in these instances are no greater than the values when 
the same effectors were titrated against heterologous virus- 
infected targets. In separate experiments (data not shown), 
blocking attempts with cold HSV-infected or HCMV-infected 
HLA-matched fibroblasts gave a reduction in cytotoxicity 
against specific targets, which paralleled that ascribed to virus- 
specific CTLs; the amount of *’Cr released due to NK cell 
activity being unchanged. 

The above observations imply that even though the bulk of 
lytic activity exerted by long-term cultured T cells from HSV- or 
HCMV-sensitized. donors was virus-specific and HLA-restric- 
ted, they also sometimes display significant nonspecific NK -cell- 
like activity. From the data it can be visualized that lowering the 
E:T cellratio to 20: 1 tended to eliminate the nonspecific lysis of 
targets and thereby gave generally low but exclusively virus- 
specific and HLA-restricted lytic values. We are now attempting 
to clone the long-term cultures of T cells containing potentially 
virus-specific and HLA-restricted CTLs in an attempt to study 
in detail the role of HLA-A and/or -B specificities in the 
recognition phenomenon. | 

In human-viral systems, HLA restriction of CTL-mediated 
cytotoxicity has been previously reported to occur only against 


influenza’? ? and measles’? virus infected cells. The issues of 


specificity and HLA restriction in the EBV system is still 


unresolved”? 


. The cytotoxicity data presented here have 


or HCMV -specific long-term T-cell cultures. However, because 
of the small number of sensitized donors used for establishing 
virus-specific T-cell cultures, one might question whether the 
HLA-restricted lysis mediated by them is a general pheno- 
menon or, as in the case of the influenza virus system”, donors 
carrying certain HLA ‘gene product(s) lack the ability to 
generate virus-specific CTLs. This aspect is under investigation. 
Some data have been obtained (K.K.S., manuscript submitted), 
which suggest that for the in vitro generation of secondary HSV 
or HCMV-specific CTLs, human Ia-like HLA/D antigens have 
an essential role. The precise reason(s) for the failure to demon- 
strate the presence of-virus-specific and HLA-restricted CTLs in 


in vivo situations during primary or secondary infections. 


remains unclear; it is probably not due to the lack of develop- 
ment of CTL precursors during primary virus infections. In this 
connection, it has been shown in the mouse~HSV model”® that 
the generation of CTLs is prevented by suppressor cells which 
can. be eliminated by treatment of animals with cyclo- 
phosphamide. © | | | 
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IgM-autoantibodies against isologous 
erythrocytes also 
react with isologous IgG(Fc) 
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The mechanisms by which the adaptive immune system of 
animals discriminate between foreign and self components are 
not known. It is generally believed that antibodies are produced 
only in response to foreign agents. However, against this axiom 
there is mounting evidence that normal animals produce 
autoantibodies against a variety of self components’. In two 
murine model systems, a high proportion of IgM-producing cells 
secrete autoantibodies. In one model, the autoantibodies are 
specific for isologous mouse IgG(Fc)* and in the other, the 
autoantibodies are specific for antigens revealed on the surface 
of mouse erythrocytes (RBC) by proteolytic enzymes“. The 
function of these two autoimmune responses is a mystery. Here 
we show that the two responses are related. The lysis of mouse 
RBC, modified with bromelain (brom), by IgM autoantibodies 
was completely inhibited by isologous IgG(Fc), and antibodies 
against mouse IgG(Fc) formed precipitin bands with solubilized 
membranes from mouse RBC. We conclude that mouse RBC 
membranes and IgG (Fc) have at least one antigenic determinant 
in common and that this determinant is the target for auto- 
immune responses in normal mice. 

Plaque-forming cell (PFC) assays of mouse spleen cells 
secreting antibodies were performed by the liquid monolayer 
system of Cunningham and Szenberg’. The methods for modi- 
fying RBC with brom and for estimating the haemolytic activity 
of sera for mouse brom RBC have been described elsewhere’. 
The low levels of circulating IgM directed against mouse brom 
RBC in normal mice were increased by injections of lipopoly- 
saccharide (LPS), an established polyclonal B cell activator’. 

The possibility of an antigenic relationship between mouse 
IgG and mouse brom RBC was first noted in an assay for the 
haemolysis of mouse brom RBC. Antisera against mouse brom- 
RBC were collected from mice 4 days after an intraperitoneal 
injection of 40 ug of LPS. Incubation of the antisera with mouse 
IgG before adding the target RBC reduced its haemolytic titre 
from 512 to less than 2 (Table 1). The inhibition of haemolysis 


€ 1980 Macmillan Journals Ltd 


Nature Vol. 286 14 August 1980 
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Fig. 1 The inhibition of PFC by isologous IgG(Fc). The effect of 
IgG on PFC directed against three target RBC, mouse brom RBC, 
sheep RBC and rat RBC, was measured. To lyse mouse brom 
RBC, spleens were collected from normal mice while for the latter 
targets spleens were collected from mice 4 days after an intraperi- 
toneal injection with either 0.2 ml 6% sheep or rat RBC. The PFC 
assay was performed using a reaction mixture with a final volume of 
200 yl*. Rabbit serum was used as the complement source for all 
assays. PFC against mouse brom RBC; @, + IgG; O, +IgG(Fc); W, 
+IgG(Fab); PFC against sheep RBC: O, +1gG; PFC against rat 
RBC: A, +1gG. The 100% values were 9,000 PFC/spleen against 
mouse brom RBC; 88,000 PFC/spleen against sheep RBC and 
34,000 PFC/spleen against rat RBC. 





Table 1 Inhibition by mouse IgG of the haemolysis of mouse brom RBC 





Protein added 
Antibody Target Amount Haemolytic 
source RBC Identity (ug) titre 
Mouse anti-rat Rat RBC — Ea 128 
RBC sera Mouse IgG 50 128 
Mouse anti-sheep Sheep RBC -— — $12 
RBC sera Mouse IgG 50 256 
Mouse anti-mouse Mouse — — 512 
brom RBC sera brom Mouse IgG 50 <2 
RBC 

— — 1,024 
Mouse IgG 50 <2 
Rabbit IgG 100 256 

Guinea pig 
IgM fraction of Mouse IgG 100 512 
mouse anti-mouse brom Human IgG 100 1,024 
brom RBC RBC Mouse IgG, 50 <2 
Mouse IgG,, 50 <2 
Mouse IgG,, 50 <2 
Mouse IgG(Fc) 20 <2 
Mouse IgG(Fab) 100 256 


en a LS eS SS NED A a we 
The antisera specific for mouse brom RBC, sheep RBC and rat RBC were 
collected from groups of five mice, 4 days after mice in each group had been 
injected intraperitoneally with 40 ug LPS or 0.2 ml 6% sheep RBC or 0.2 ml 6% 
rat RBC. The IgM fraction was prepared from 10 ml of mouse anti-mouse brom 
RBC sera by (NH,),SO, precipitation, followed by chromatography on sepharose 
6B. The IgG component of the fraction was then further reduced by passage 
through a protein A-sepharose CL-4B column'*. The mouse IgG subclasses and 
fractions of IgG from mice, guinea pigs, rabbits and humans were each prepared 
from individual pools of sera (10 ml) using protein A-sepharose CL-4B (ref. 14). 
The Fab and Fc fragments were prepared by papain digestion of serum IgG (ref. 
15). Undigested IgG was removed by chromatography on sephadex G100 and the 
Fab and Fe fragments separated using protein A-sepharose CL-4B. The assays 
were performed by incubating 50 ul of the required antibody source with 50 yl of 
PBS containing the appropriate IgG for 30 min at 37 °C. After the addition of 5 pl 
of 10% RBC as indicated and 10 ul of rabbit serum (source of complement), the 
incubation was continued for a further 30 min at 37 °C. The haemolytic titre was 
recorded as the final dilution in which complete lysis of the RBC occurred. 


60 80 100 


was not due to an anticomplement effec: because the haemolytic 
activity of mouse antisera directed against either rat or sheep 
RBC was not inhibited by preincubation with mouse IgG (Table 
1). The failure of the IgG in the antiserum to inhibit the 
haemolytic activity against mouse brom RBC is puzzling. The 
concentration of IgG relative to that of specific antibody may be 
critical. 

The inhibition, by mouse IgG, of ha2zmolysis of mouse brom 
RBC was further examined using an IgM fraction prepared from 
the sera with specificity for mouse brom RBC. The IgG content 
of the fraction was reduced by affinity chromatography. Table 1 
shows that the haemolytic activity against mouse brom RBC was 
inhibited by isologous IgG of various subclasses and by IgG(Fe) 
but not by IgG(Fab) or by heterologors IgG. These results are 
compatible with the reactivity of mouse IgM antibodies specific 
for isologous IgG*"”. 

Mouse IgG was also used to inhibit entibodies against mouse 
brom RBC secreted by cells in a PFC assay (Fig. 1). The effector 
cells were prepared from the spleens of normal mice. The 
inhibition was not due to a cytotoxic ar anticomplement effect 
because PFC assays using sheep or rat RBC as targets for spleen 
cells from mice immunized with either RBC type were relatively 
insensitive to the addition of mouse IgG. Again it was shown 
that IgG(Fc), rather than IgG(Fab), inhibited plaque formation. 

The results presented in Fig. 2 prov de direct evidence of at 
least one antigenic determinant being common to both mouse 





Fig. 2 Immunological cross-reactivity setween mouse IgG(Fc) 
and mouse RBC membrane proteins. The wells contained a, rabbit 
anti-mouse IgG(Fab); b, rabbit anti-mouse IgG(Fe); c and d, triton 
soluble extracts of membranes from rormal and brom RBC 
respectively; e and g, mouse IgG(Fab); f and h, mouse IgG(Fc). Dr 
P. L. Ey provided the specific sera. The method of triton-solu- 
bilization of RBC membranes has been described elsewhere”. The 
immunodiffusion was performed in 1% (wt/v) agarose which also 
contained 1% (v/v) Triton X 100 and 1% (wt/v) NaCl. The gels 
were stained using Coomassie Blue’®. 


RBC membranes and IgG(Fe). Trison-soluble extracts of 
membranes prepared from either no-mal or brom-modified 
RBC" contained a component thet reacted with rabbit 
antiserum specific for mouse IgG(Fc). S:gnificantly, there was no 
line of precipitation between an antiserum specifie for mouse 
IgG(Fab) and the two membrane preparations. Thus it seems 
very unlikely that the precipitin band between RBC membranes 
and anti-IgG(Fc) was due to the non-specific association of IgG 
with the RBC. 

The biological significance of the autoimmune responses 
against determinant(s) common to Ig3(Fe) and mouse RBC 
membranes is not shown by these results. One question that 
arises is whether both IgG molecules and RBC elicit’ auto- 
antibodies. It is possible, for example, taat the primary stimulus 
for autoantibody production is the IgG molecule and that the 
autoantibodies cross-react with structures in the membranes of 
RBC. Thus, there may be no physiolegical role for the auto- 
immune response against RBC. If the autoimmunity is primarily 
against IgG(Fc), its biological role could be important in terms of 
functioning of immune responses. Dresser** has proposed that 
IgM antibodies specific for IgG antibodies could play a role in 
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reacting with IgG-antigen complexes and serve to amplify the 
initiation of the complement cascade. However, this explanation 
does not account for the extremely high proportion of Ig- 
secreting cells from the peritoneal cavity of normal mice that are 
specific for mouse brom RBC. Following a short-term culture, 
the number of cells producing antibody against mouse brom 
RBC can represent up to 85% of the Ig-secreting cells 
present®’*. It is possible that B cells in the peritoneal cavity 
undergo some hormonal and/or antigenic influence before 
being distributed throughout the body. For example, antigens 
present in the peritoneal cavity to which early B cells may 
respond could generate diversity of B cells by some, at present, 
unknown mechanism. Dresser has already suggested that the 
high level of IgM anti-IgG(Fc) secreting cells in the spleen may 
be involved in generating diversity. Similarly Moller and her 
colleagues'* have proposed recently that IgM antibodies against 
IgG(Fc) may be involved in stimulating the immune system 
non-specifically to generate and maintain an adequate reper- 
toire of B cells. Experimental support for any of these sugges- 
tions would change our concept of the development and 
functioning of adaptive immune responses. 
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A binding site on mast cells and 
basophils for the 
anti-allergic drug cromolyn 
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Calcium permeability of basophil and mast cell membranes is 
stimulated on allergen binding to its specific membrane-bound 
IgE’. This entry of Ca** ions into the cell triggers the degranu- 
lation and secretion process*. Disodium cromoglycate (cromo- 
lyn DSCG), the disodium salt of 1,3-bis(-2-carboxychromon-5- 
yloxy)-2-hydroxypropane, inhibits the degranulation and 
release of anaphylactic mediators, and has found wide appli- 
cation in the treatment of allergic bronchial asthma*’. Accu- 
mulated evidence indicates that this inhibition takes place by 
blocking the calcium uptake*”. To localize its site of action, the 
drug has been covalently conjugated to fluorescent poly- 
acrylamide and polyglutaraldehyde beads (0.7 and 0.2 pm in 
diameter, respectively)". We show here that these drug—bead 
conjugates (DBC) do prevent the drug penetrating into the cell 
without reducing its ability to inhibit histamine release (Table 
1). Furthermore, we show a specific Ca**-dependent binding of 
the DBC to the membranes of rat peritoneal mast cells (RPMC) 


and basophils. 
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Table 1 Inhibition of histamine release from rat peritoneal mast cells 
by DSCG and DBC 

DSCG Beads DBC % Release 
= x = 7 
sis = = 35 

200 uM aon — 6 
— 10’-10° mi! = 34 
= = 10’~10" ml '+ 8 


Inhibition of histamine release after preincubation of sensitized mast 
cells'* with DSCG or DBC before antigen challenge. 2x 10° RPMC 
were preincubated for 5 min in Tyrode solution at 37 °C with DSCG or 
DBC. Then antigen (ovalbumin 40 pg ml’) was added and the cells 
incubated for an additional 10 min, Histamine was assayed by the 
method of Shore`*. Results are the mean of two experiments in which 
each is a duplicate. 

* Spontaneous release. 

+ Drug/DBC = 10°-10'" molecules per bead. 


Figure 1 shows the visualization and localization of DSCG 
binding sites on mast cells using image intensified fluorescence 
microscopy. The representative fluorescence histograms 
obtained by fluorescence-activated cell sorter (FACS) analysis 
of cells stained with DBC are shown in Fig. 2. When rat 
basophilic leukaemia cells are incubated with DBC, areas of 
bright fluorescence are clearly observed over the whole cell 
surface (Fig. 1), and 97% of the cells are stained (Fig. 2, Table 2). 





Fig. 1 Fluorescence and phase micrographs of the labelled cells 
were taken from a TV screen that projects an intensified image of 
the cells’*°. Rat basophil leukaemia cells (RBL-2H3) were 
incubated with 50 ugml * of DBC in Tyrode solution (NaCl 
137.0mM, KCl 2.7 mM, NaH,PO, 0.4mM, HEPES 10 mM, 
glucose 5 mM, CaCl, 1.8 mM, MgCl, 1.0 mM, BSA 2%) at 25 °C 
for 30 min. a, The phase mode; b and c are both in the fluorescence 
mode, but at different focal depths. 
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The possibility of DSCG acting in the extracellular fluid was 
excluded by the following experiment: when DSCG and Ca** 
ions were added to sensitized RPMC, and the cells were sedi- 
mented and resuspended in a fresh medium and exposed to 
antigen, inhibition of histamine release was still maintained. 
Specificity of DBC binding to the cells was examined using 
two approaches (Table 2). One group of controls was concerned 
with excluding nonspecific binding of beads free of the drug. 
Nonspecific binding due to the extra electrostatic charges of the 
drug’s carboxylates was tested using beads to which glutamate 
had been covalently conjugated. Trypsinization of mast cells 
(resulting in removal of membrane proteins) significantly 
reduced the binding of the conjugated beads. Another group of 
controls was concerned with the target cells’ specificity of bind- 
ing of DBC. BW5147 AKR/J thymoma cells and the P-815 
BALB/c mastocytoma cell line, which do not secrete histamine, 
were not stained with DBC. Competitive inhibition of binding 





Table 2 DBC staining monitored by the FACS 





No. of cells per channel 





Relative fluorescence 


Fig. 2 Fluorescence histograms representative of rat basophilic 
leukaemia secreting cells (RBL-2H3) labelled with drug-tetra- 
methyl rhodamine isothiocyanate polyglutaraldehyde bead con- 
jugates were obtained by a fluorescence-activated cell sorter 
(FACS-II, Becton-Dickinson)'*. The 400-mW, 514.5-nm line 
from an argon ion laser (Model 164, Spectra-Physics) intersects the 
stream just below the nozzle so that the cells are illuminated while 
they are in the fluid jet. The 580-nm large-pass filter (Dictric 
Optics) and the 590-nm long-pass filter (No. 2-73 Corning Glass 
Works) improved the red colour separation. Only living cells in the 
size range of 14 um were analysed, that is, FACS was size-gated to 
exclude small cells (as lymphocytes) and smaller-appearing dead 
cells. The cells were treated as for fluorescence microscopy. a, Four 
histograms are shown: 1, specific binding of DBC; 2, cells with 
DBC in a Ca“ -free medium; 3, cells in the presence of drug-free 
beads; 4, auto-fluorescence of the cells. b, Competitive inhibition 
exerted by the addition of free DSCG (see Table 2) causes a shift 
towards low fluorescence which resembles that due to 
the nonspecific staining (2), compared with the specific 
binding curve (1). 


——$——— 


% Cells 
Cells Beads Treatment stained 
RPMC — Regular 5 
RPMC Free beads Regular 5 
RPMC DBC Regular 71 
Competition by: 
RPMC DBC (1) Preincubation with 
DSCG (5 x 107° M) 33 
RPMC DBC (2) Co-ineubation with 
DSCG (10°* M) 19 
RPMC DBC Ca’*-free medium 6 
RPMC DBC Preincubation with 
trypsin 30 
RPMC Beads conjugated 
to glutamate Regular 20 
RBL-2H3 — Regular 7 
RBL-2H3 Free beads Regular 20 
RBL-2H3 DBC Regular 97 
RBL-2H3 DBC Preincubation with 
DSCG 32 
RBL-2H3 DBC Ca**-free medium 40 
Lymphocytes — Regular 14 
Lymphocytes Free beads Regular 18 
Lymphocytes DBC Regular 14 
P-815 — Regular 4 
P-815 Free beads Regular 4 
P-815 DBC Regular 4 





Each sample contained 10° cells incubated with DBC 
(10’-10° beads ml‘) in Tyrode solution for 30 min at room tempera- 
ture. The RBL-2H3 cells were incubated in Tyrode containing 2% 
bovine serum albumin (BSA). Trypsinization of cells was carried out 
with a 0.25% trypsin solution for 30 min at 37 °C. Preincubation with 
DSCG was carried out at room temperature. As controls for staining 
other cells we used the BW5147 AKR/J thymoma cells for lymphocytes 
and also the P-815 BALB/c mastocytoma. 


was found between the conjugated drug and DSCG (Fig. 2, 
Table 2). DSCG prevents **Ca uptake by mast cells®’. When 
RPMC are incubated with DBC in a Ca?* -free medium, a drastic 
reduction of staining is observed (Fig. 2, Table 2). The 
phenomena reported here all demonstrate strict calcium 
dependence. That combined with our observation that cromo- 
glycate forms complexes with Ca** in solvents of low 
polarity'''*, leads us to suggest that the cromoglycate—Ca** 
complex binds to a specific site on the cell membrane, possibly 
the calcium ‘gates’. For the formation of this specific ternary 
complex, both the cromone nucleus of the drug and its Ca’*- 
chelating capacity are considered to be essential. 

We thank Drs A. Rembaum and S. Margel for the supply of 
microsphere beads, Mr A. Petrank for the operation of the 
FACS II, Dr C. Geller-Bernstein for advice, Dr J. Schlessinger 
for help with the intensified microscopy, and Dr H. Metzger for 
the 2H3 cell line. 
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Asymmetric F. receptor distribution 
on human PMN 
oriented in a chemotactic gradient 
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Phagocytosis of antibody-coated particles and immune 
complexes by polymorphonuclear leukocytes (PMN) and 
macrophages is initiated by binding to F, receptors’. While it 
appears that subsequent ingestion requires receptor—F. inter- 
actions to occur along the entire periphery of the particle’, the 
distribution of F. receptors over the leukocyte surface is un- 
known. We show here that during chemotaxis the F. receptors of 
human neutrophils are localized to the cell’s leading edge. This 
restricted receptor topography coincides with cell orientation 
and does not require net forward movement of PMN. Thus, F. 
receptors are located in precisely that region of the cell most 
likely to first encounter opsonized particles. 

IgG-opsonized sheep erythrocytes were used as F. receptor 
probes. Since we found that aldehyde fixation (paraformalde- 
hyde, formalin, or glutaraldehyde) destroyed or drastically 
altered F. receptor activity, opsonized erythrocytes were bound 
to living cells. Incubation conditions were selected to minimize 
the redistribution and internalization of F, receptor complexes’. 

Human PMN were allowed to settle on to coverslips which 
were then inverted on to a chemotaxis chamber consisting of an 
elevated bridge between two parallel wells". One well of the 
chamber was filled with 107M N-formyl-methionyl-leucy]! 
phenylalanine (FMLP) and the other well with Hank’s balanced 
salt solution. A concentration gradient of the chemoattractant 
was thus established across the bridge. After 10-15 min, when 
cell orientation had occurred, coverslips were floated off the 
chambers with buffer, and opsonized erythrocytes at a 5% 





Fig. 1 Human PMN obtained by venipuncture were separated 
from heparinized whole blood by allowing erythrocytes to sedi- 
ment at 1 x g in 1.25% dextran (pyrogen-free). The leukocyte-rich 
plasma was drawn off, 1 mi aliquots layered on to 0.5 mi of 
Lymphocyte Separation Medium (Bionetics), and the gradient 
centrifuged in a Brinkmann—Eppendorf centrifuge for 1 min. The 
resulting pellet was rinsed once in Hank’s balanced salt solution 
and contaminating erythrocytes lysed by hypotonic shock. In the 
final leukocyte suspension, more than 95% of the cells were PMN 
and the remainder were eosinophils. a, After settling on to glass 
coverslips, PMN were usually rounded or somewhat flattened. 
Opsonized erythrocytes bind more or less uniformly over their 
exposed cell surface. b, PMN in a gradient of FMLP for 10-15 min 
are oriented and motile. The nucleus is localized in the bulge of 
cytoplasm that marks the anterior pole. Frequently, one or more 
lobes of the nucleus may extend posteriorly toward the trailing 
uropod. In the incubation conditions used here, opsonized eryth- 
rocytes bind avidly and almost exclusively to the anterior portion of 
the oriented PMN. (Scale bar, 10 ym.) 
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Fig. 2 PMN oriented in an FMLP gradient, fixed in 2% para- 

formaldehyde, and then labelled with fluorescein-Con A 

(25 ug ml’). a, Con A binding is essentially uniform except for a 

slight enhancement in the anterior region of the oriented cell. b, 

Phase contrast micrograph of the same PMN. Two long retraction 
fibres are evident posteriorly. (Scale bar, 10 um.) 


haematocrit were placed on the coverslip for 15-60 seconds at 
37 °C. Unbound erythrocytes were rinsed off and the PMN fixed 
with 2% glutaraldehyde. Most of the PMN (>80%) in these 
preparations bound one or more erythrocytes. We showed 
previously’ that little redistribution and no internalization of 
particle-receptor complexes occurs during this brief period of 
incubation at 37 °C. 

The rounded or somewhat flattened non-oriented PMN (seen 
in the absence of FMLP) bound opsonized erythrocytes more or 
less uniformly about their circumference (Fig. 1a). Oriented 
PMN are elongated with the nucleus localized in a bulge near the 
anterior pole of the cell (Fig. 1b) pointing toward the well 
containing FMLP. A fine membrane ruffle (lamellipodium, pro- 
topod) may form the actual leading edge while a long cytoplas- 
mic uropod trails behind the cell. More than 98% of oriented 
PMN that bound opsonized erythrocytes displayed them only 
over the anterior portion of the cell. In the few remaining cells 
(<2%), opsonized erythrocytes were also bound to the extreme 
tip of the trailing uropod. The marked asymmetry of erythrocyte 
binding to the leading edge of the cell is probably due to the 
preferential distribution of receptors, although it is possible that 
receptors in this region have a higher apparent affinity. 

Under the conditions described above, PMN were oriented 
and actively motile at rates exceeding 35 um min ‘ along the 
gradient (as seen by time-lapse videotape). If calcium- and 
magnesium-free media containing 2mM EDTA were used 
throughout the experiment, PMN became oriented with respect 
to the gradient but did not actually move over the substrate’. 
Nevertheless, opsonized erythrocytes still bound only to the 
anterior pole of these oriented PMN. 

F. receptor asymmetry occurs without obligatory, parallel 
redistribution of other receptors. Thus, on oriented, paraform- 
aldehyde-fixed PMN, fluorescein-concanavalin A (Con A) 
binds over the entire cell and shows only a slight increase in 
fluorescence intensity at the anterior pole (Fig. 2a, b). This 
apparent enhancement may, in fact, be caused by increased cell 
thickness and/or folding of plasma membrane in this region. 

The mechanism for the establishment of asymmetric F, 
receptor activity is not yet understood. It seems possible that 
coincident with cell orientation, specialized plasma membrane 
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domains may be set up possibly through direct or indirect 
cytoskeletal interactions. Microfilaments accumulate in the 
anterior portion of oriented PMN” while centrioles along with 
the bulk of the microtubules are probably posterior to the 
nucleus’. This cytoskeletal architecture might directly affect the 
local composition of the plasma membrane’*’'’. Accordingly, F. 
receptors might be enriched in the anterior portion of the PMN. 
Alternatively, local (perhaps cytoskeleton-related) changes in 
the lipid composition of the membrane or in membrane surface 
tension'' might afford regions of minimum free energy to certain 
classes of molecules (such as F. receptors). In either case, Con A 
distribution may appear relatively unaffected by these PMN 
membrane domains due to the heterogeneity of the ConA 
binding sites. 

The chief function of the PMN is to seek out and ingest 
invading microorganisms. This function may be facilitated by 
restricting the topography of F. receptors in the membrane 
during chemotaxis. In particular, the movement of F. receptors 
to the leading edge as the phagocyte changes orientation ensures 
their localization in that part of the membrane most likely to first 
encounter opsonized particles. 

This work was supported by NIH grant nos GM 07185 to 
R.J.W., CA 15544 to R.D.B., and ES 01106 and grant no BC 
179 from the American Cancer Society to J.M.O. 
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Polymorphonuclear neutrophils (PMN) can recognize, engulf 
and kill microorganisms and are thus an important host defence 
against infection. The initial encounter between a microbe and 
the neutrophil takes place at the neutrophil surface. Receptors, 
including those for the Fc end of the immunoglobulin G (ref. 1), 
the C3b component of complement’, formyl peptides? and plant 
lectins* have been identified on the surface of neutrophils. We 
have now examined the surface pattern and arrangement of 
receptors for the plant lectin concanavalin A (Con A) to deter- 
mine if the surface receptor array varied with the functional state 
of the neutrophil. We found that receptors for Con A clustered 
at the front of polarized neutrophils. 

Human PMN were obtained by gravity sedimentation of 
whole heparinized blood (10 units m1~')° or by the formation of 
monolayers from freshly clotted blood. Cells obtained by the 
former approach were washed twice and resuspended in Hanks’ 
balanced salt solution. Monolayers were prepared by incubating 
fresh blood on carefully cleaned glass coverslips at 37 °C for 
30 min. The clot that formed was washed off gently, leaving 
monolayers consisting of 90-95% PMN. Fluorescein- or 
rhodamine-labelled Con A (10 ug ml‘) was added to live cells 
and the cells fixed in either 2% glutaraldehyde or 4% parafor- 
maldehyde in phosphate-buffered saline. They were then 
examined and photographed with a Zeiss Axiomat photo- 
microscope under phase contrast or fluorescence illumination. 
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Neutrophils were considered polarized f they had a morpholo- 
gically defined front (leading edge) and tail. Polarized PMN that 
migrated in a gradient of chemotactic substances were consi- 
dered orientated. Each experiment was repeated at least three 
times, and in all cases 50mM D-mannose blocked ConA 
binding. 

PMN in suspension are spherical (Fig. 1a ) with no discernible 
front or tail. When they were incubated with fluorescein- 
labelled Con A for 15 min and then examined live or fixed in 
suspension, a uniform surface pattern of fluorescence was 
observed (Fig. 16)°. When PMN in suspension were fixed before 
the addition of Con A, the fluorescein- abelled lectin was again 
distributed uniformly. Thus, receptor sites for Con A were 
distributed uniformly over the surface of the nonpolarized PMN 
in suspension (Table 1). 

We next examined receptor location on polarized but non- 
orientated PMN. PMN in suspension became polarized when 
incubated with the chemotactically act ve peptide N-formyl-L- 
methionyl-L-phenylalanine (10% M)”. Such polarized neutro- 
phils were incubated for 15 min with fluorescein-labelled Con A 
and all the lectin accumulated at the tail. With prior fixation to 
immobilize receptor sites, there was marked accumulation of 
fluorescence at the leading edge in 23 + 1.73% PMN: we call this 
pattern a ‘headlight’ (Table 1). 

When cells were allowed to move across coverslips after the 
addition of Con A, the label moved to the tail, forming bright 
fluorescent buttons or ‘tail lights’ as described by Ryan et al. 
(Fig. lc, d). However, when polarized cells moving over 
coverslips were fixed to immobilize receptor sites before the 
addition of Con A, the headlight pattern was seen on 69.94 
3.1% PMN. In other experiments, PMN were orientated 
towards N-formyl-L-methionyl-L-phenylalanine (10° M) in an 
agarose chemotaxis system. Addition of fluorescein-labelled 





Fig.1 Binding of fluorescein-labelled Con A to neutrophils. Each 

set of photographs consists of phase contrast and fluorescence 

micrographs of the same field. Arrows indicate direction of migra- 

tion. a, b, Cells in suspension incubated with 10 ug ml ‘Con A and 

then fixed. Binding is uniform. c, d, Live neutrophils moving on a 

monolayer 15 min after addition of Con A. The lectin has accumu- 
lated at the tail and thus tail lights were seen 
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Table 1 Per cent of PMN with indicated distribution of fluorescein- 
Con A 
Head Tail Uniform 
Nonpolarized in sus- 
pension 0 0 91.4+1.2* (n=5) 
Polarized in suspen- 
sion 
Fixed before Con A 23.02+1.7 0 77.141.7 (n =3) 
Fixed after ConA 0 90.8+1.7 9.2+1.7 (n =5) 
Polarized on mono- 
layer p go 
Fixed before Con A 69.9+3.1 0 30.343.2 (n=8) 30 jim 
Fixed after Con A 0 91.7+2.3 8.342.3 (n =3) 
Polarized and orien- 
tated on monolayer 
Fixed before ConA 76.9+2.6 0 22.8+2.5 (n =20) 
Fixed after ConA 0 91.0+1.5 9.01.5 (n =3) 





Each experiment represented counts of 100 neutrophils. n Is the 
number of times the experiment was carried out on different days. 
Results are expressed as the mean + s.e.m. 

* Remainder showed irregular clumping of fluorescence. 


ConA after fixation revealed binding sites localized at the 
leading edge of 76.9+ 2.6% PMN (Fig. 2a-d and Table 1). 

To determine whether new Con A-binding sites were avail- 
able after bound sites had been swept to the tail, a monolayer of 
PMN labelled with fluorescein-Con A was incubated for 15 min 
to enable the lectin to move to the tail. After fixation, 
rhodamine-labelled Con A was added. Binding sites were 
revealed by the formation of new headlight areas of red fluores- 
cence (Fig. 2e). 

Incubation of PMN with colchicine (10°* M), which interferes 
with microtubular function’, did not prevent the formation of 
head- or tail lights. However, incubation with cytochalasin B 
(5 ug ml‘), a microfilament poison’, prevented polarization 
and abolished head and tail light formation. Nonpolarized PMN 
in suspension or on monolayers did not cap Con A receptors 
unless the microtubular system was first disrupted®'” but, as 
reported here, polarized neutrophils clustered unbound Con A 
receptors at the leading edge and spontaneously capped bound 
receptors at the tail. 

Oliver et al.'' observed a uniform pattern of microfilaments 
redistribute to polar aggregation when associated with Con A 
capping in diamide-treated nonpolarized PMN. Berlin et al."* 
have shown that Con A-receptor complexes aggregated in the 
region of pseudopod formation in phagocytosing PMN. 
Immunofiuorescent staining has shown the pseudopods to be 
enriched in microfilaments'*’*. The lamellapodium or leading 
edge of polarized PMN is also enriched in microfilaments’*. 
This, together with our finding that cytochalasin abolished 
headlight formation, suggests that microfilaments are associated 
with receptor clustering at the leading edge. 

Both Con A and certain piliated strains of Escherichia coli 
bind to mannose-sensitive receptor sites on the neutrophil 
surface'*'°. This implies that their binding sites may be iden- 
tical. Piliated, but not non-piliated, E. coli are ingested by PMN 
in the absence of serum opsonins'~'’. Thus, these receptors may 
be important in the recognition and subsequent ingestion of 
microbes. We are attempting to localize complement (C3b) and 
immunoglobulin (Fc) receptors on polarized PMN, but we have 
been unable to find a fixative that maintains cellular morphology 
without destroying the receptor sites. 

Thus, polarized PMN move with a leading edge studded with 
ConA receptors and when these receptors are bound, the 
receptor-lectin complex moves to the tail. New unbound recep- 
tors seem to be generated or uncovered at the leading edge. The 
array of receptors at the leading edge of the neutrophil may be 
important for its ability to function as an efficient phagocyte. 

We thank Lillian Robertson and Joyce Henderson for their 
assistance with this manuscript. This work was supported in part 
by NIH grants AI 09504 and T32AI 07046. 
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Fig. 2 Each set of photographs consists of phase contrast and 
fluorescence micrographs of the same field. Arrows indicate direc- 
tion of migration. a, b, Neutrophils migrating in a gradient of the 
chemotactic peptide N-formyl--methionyl-L-phenylalanine 
under agarose for 30 min. Con A was added after fixation. A bright 
accumulation of Con A at the leading edge in a headlight pattern 
was seen on the oriented cells. c, d, A high power view of this 
phenomenon showing that Con A receptors are most dense at the 
leading edge. In b and d the punctate appearance of fluorescence 
inside the cell, not associated with the headlight, represents 
nonspecific granular fluorescence that is not blocked by 50mM 
D-mannose. e, Neutrophils were incubated with ConA on a 
monolayer for 15 min and then fixed. Fluorescein-Con A (green in 
original) accumulated at the tail as in Fig. 1d. Rhodamine-labelled 
Con A was then added. Rhodamine-Con A (red in original) bound 
to the leading edge. Thus, the cell fluoresced in two colours, red at 
the leading edge and green at the tail. This indicated that new 
binding sites for ConA were available. These may be newly 
uncovered or regenerated sites. 
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The internalization of a wide range of biologically significant 
macromolecules, particularly low density lipoproteins (LDL) 
and proteins such as œ -macroglobulin and epidermal growth 
factor, occurs primarily through characteristic, bristle-coated 
indentations of the cell surface known as coated pits'~*. Current 
interest has focused on the topographical relationship between 
surface receptors for these ligands and the coated pits’. We 
establish here that coated pits are themselves distributed non- 
randomly on the J774.2 mouse macrophage cell surface. 
Morphometric and statistical analyses of cell profiles in electron 
micrographs indicate two levels of asymmetry: in all cells, pits 
are clustered; after colchicine treatment they accumulate over a 
microvillous protuberance that develops at one pole of the cell. 
This topographical heterogeneity suggests a new level at which 
cellular responses to growth substances and hormones may be 
regulated. 

Coated pits were defined as regions of membrane indentation 
approximately 0.3 um long and underlain by a fuzzy coat which 
in favourable micrographs appeared as periodic spikes or brist- 
les (Fig. 1). They frequently occupied the bases of microvilli and 
were characteristically separated by a clear space from the 
adjacent cytoplasm. To determine their distribution, a cell was 
first selected and photographed at <8,900. Pits with openings to 
the medium were then located by searching the entire perimeter 
of the cell at a magnification of x 160,000. Their approximate 
positions were marked on a sketch which guided subsequent 
identification of pits on the low magnification micrograph of the 
same cell (Fig. 2a, arrows). A sonic digitizer was used to 
determine the length between pits and the total cell circum- 
ference from these micrographs. 

Untreated J774.2 macrophages* that were grown in Dul- 
becco’s modified Eagle medium with 20% horse serum, fixed in 
suspension and processed for electron microscopy as before **, 
maintained a rounded shape. Cell profiles were thus selected at 
random except that each one contained a portion of the cell 





Fig.1 The ultrastructure of coated pits. The left frame illustrates 

the typical thickened membrane and bristled cytoplasmic face of 

coated pits. The right frame demonstrates the clear zone between 
coated pits and the adjacent cytoplasm. Scale bar, 0.1 um. 
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Table 1 Statistical analysis of coated pit distribution 





Colchicine-treated 


Rejection of randomness Untreated protuberant 
hypothesis test macrophages macrophages 

Basic quadrat* Quadrats NS P<0.05 
x? analysis 6 or 10 um 
Basic quadrat* Quadrat P<0.01 
x’ analysis 3.6 um 
Variance/mean* NS P<0.001 
ratio analysis 
Eberhardt statistic? P<0.01 P<0.005 
Contiguous quadratst P<0.005 P<0.005 


* These are essentially comparisons of the observed distribution of 
coated pits with a theoretical Poisson distribution into quadrats. 
Quadrats are equal-length segments along the surface profile scored for 
numbers of pits. The theoretical distribution is based on the mean 
number of pits per quadrat. In our experiments, 37-38 pits were 
distributed along 600-900 um of profile, in quadrats 3.6, 6 and 10 um 
long. For the basic quadrat, y*-test is used, and for the variance/mean 
ratio analysis, ¢=(variance/mean)—1/(2/n—1)'’*. Both tests are 
insensitive to fine-grained non-randomness and are affected somewhat 
by the choice of quadrat size. 

+ In this analysis a series of random points (taken from a table of 
random numbers) was placed on the extended profile and a distance X, 
measured from the random point to the nearest pit. The Eberhardt 
statistic 


A=m I X?/Y xX? 


i=l f=] 


where m = number of random points used, was then computed, and its 
critical values taken from the table of Hines and Hines”. This is a 
sensitive test for non-randomness, particularly for clustering over small 
dimensions. 

t This quadrat analysis is based on the hierarchal design of Greig- 
Smith*’. It allows analysis at various dimensional levels, systematically 
‘searching’ for a quadrat size that reveals non-randomness. The 
modification of Mead"? allows analysis over a series of scales. NS, not 
significant. 


nucleus. In these untreated cells, the average distance between 
pits in two separate experiments involving 37 pits on 12 cells and 
45 pits on 10 cells was, respectively, 24.2 um and 18.6 um. 
Assuming the thickness of the section to be 70 nm and the 
cell-surface area to be roughly 1,500 ym’, this corresponds to a 
surface density of approximately 0.35 pits per um? or approxi- 
mately 500 coated pits per cell. 

After colchicine treatment (2 uM, 30-45 min), greater than 
80% of J774.2 cells developed a bulge or protuberance that was 
bordered by microvillous membrane and was frequently 
separated from the cell body by a constricted neck region®”. In 
these cells, analysis of randomly selected profiles yielded 
14.7 um between pits (one experiment; 37 pits on 11 cells). 
Analyses of profiles that displayed both the protuberance and 
cell body of the same cell gave 15.3 um and 11.6 um between 
pits (two experiments involving 63 pits on 12 cells and 80 pits on 
11 cells, respectively). This corresponds to an average linear 
density of around 0.53 pits per um’ in colchicine-treated 
macrophages. As the mean pit densities on randomly chosen 
profiles and profiles of clearly protuberant cells are so similar, 
selection of protuberant profiles for subsequent studies does not 
introduce counting bias. The 50% increase pit density after 
colchicine (0.53 compared with 0.35 pits per ym’) is 
unexplained but may reflect the decreased pinocytosis observed 
previously® in colchicine-treated J774.2 macrophages. 

Are coated pits distributed randomly? To answer this ques- 
tion the consecutive distances between pits were measured on 
10-12 profiles from the untreated and colchicine-treated 
samples in each of two experiments. The perimeters were 
connected end to end by joining them at a point taken midway 
along the greatest inter-pit distance on each profile. This pro- 
vided one continuous sample of pit distrtbution. A variety of 
Statistical tests for randomness were then applied. 
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The distribution of pits on untreated, rounded cells was first 
examined statistically by dividing the total profile length into 
consecutive sections or quadrats of equal length, determining 
the number of pits in each quadrat and calculating the propor- 
tion of quadrats with different numbers of pits (0, 1, 2, 3). This 
was compared by y*-test with a theoretical Poisson distribution 
based on the mean number of pits per quadrat, or by t-test using 
the method of variance/mean ratio. When the quadrat size was 
chosen to be 6 um of profile, a random surface distribution of 
coated pits on rounded cells was indicated (that is, the statistical 
hypothesis that the sample is random is not rejected by these 
tests). When the quadrat was reduced to 3.6 um the pit dis- 
tribution appeared non-random (Table 1). This difference in 
Statistical significance dependent on the length of quadrat 
suggested that the nonrandomness was based on the presence of 
clusters of pits. To test this, we used published methods of 
mathematical ecology in which nonrandomness of populations 
may be analysed at several scales without bias. These methods 
are based either on nearest-neighbour analysis, by examining 
the variance of distances from random points to pits along the 
profile’, or by an hierarchical quadrat analysis in which the 
variance at each level of complexity (scale) in relation to the next 
is directly examined'”'’. The results of these more refined tests, 
also summarized in Table 1, reinforce the simpler analysis 
indicating that coated pits are distributed non-randomly. 

In contrast to the subtle clustering of pits on untreated cells, 
coated pits along profiles from colchicine-treated cells showed a 
non-random distribution by even the simplest statistical tests 
(Table 1). Furthermore, from inspection of the electron micro- 
graphs of protuberant cells (for example, Fig. 2a), it was 
suggested that coated pits were relatively more numerous in the 
protuberance than in the cell body. A procedure was therefore 
developed to combine data from different profiles so as to 
emphasize common topographical features. A radial grid was 
placed over the cell with its centre across the ‘neck’ region 
separating the protuberance from the cell body. The same grid 
was placed over a diagrammatic cell (Fig. 2b). Every coated pit 
from successful cell profiles was transferred into 1 of the 12 
segments of the generalized profiles to build up a cumulative 
distribution pattern. The results of two such experiments are 
shown in Fig. 2c and d. Few coated pits are found on the ‘body’, 
whereas both ‘head’ and ‘neck’ regions are significantly enriched 
for coated pits. It can be seen from Table 2 that the linear density 
in the head is approximately five times that of the cell body. An 
eight-fold higher density of coated pits exists in the neck than in 
the cell body. This increased pit density in the protuberance and 
concomitant depletion of pits over the body surface is 
reminiscent of the capping of concanavalin A-receptor 
complexes on protuberant leukocytes”™** or the segregation of 
surface immunoglobulin into the uropod of lymphocytes’’. 

The mechanism by which coated pits are clustered and capped 
is unclear. The distances between pits are too great for clustering 
due to ligand bridging of pits. Direct connections between pits 


Fig. 2 The topography of coated 
pits on protuberant cells. Coated 
pits were first identified on electron 
micrographs of thin sections 
through protuberant cells (arrows, 
a). A radial grid was then placed 
over the profile with its centre at 
the midpoint of a line across the 
narrowest ‘neck’ region between 
cell body and protuberance and 
radii fanning out every 30° above 
and below the line. An identical 
grid was placed over a diagram- 
matic cell (b) whose ‘head’ and 
‘body’ profiles were drawn in pro- 
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Table 2 Distribution and regional linear density of coated pits on 
profiles of J774.2 macrophages 





Linear density 





Pits per ym Relative 
Region % Total pits of profile density 
Expt 1 
Control 
Whole perimeter 100 0.0413 1.00 
Colchicine-treated 
Whole perimeter 100 0.0654 1.58 
Head 28 0.0734 1.78 
Neck 56 0.1562 3.78 
Body 16 0.0187 0.45 
Expt 2 
Control 
Whole perimeter 0.0595 1.00 
Colchicine-treated 
Whole perimeter 100 0.0862 1.45 
Head 36 0.1225 2.06 
Neck 53 0.1870 3.14 
Body 11 0.0238 0.40 





and microfilaments that could pull them are also not necessarily 
involved. We have shown before that segregation of surface 
markers can probably occur without direct connections of the 
segregating species with microfilaments®*'*'*. In addition, 
coated pits are characteristically underlain by a clear zone that 
seems to lack microfilaments, although at some point 
microfilaments may still be involved in the internalization of 
coated pits'*. Based on our previous work on the segregation of 
membrane ligand-receptor complexes**’*'*, we propose that 
pits (or their molecular precursors) probably move by diffusion 
or by inclusion in membrane flow to overlie the neck and 
protuberance where they are trapped by local alterations in 
membrane structure, the latter perhaps being stabilized by 
microfilaments. However, other explanations are not excluded. 

We emphasize that the existence of such topographical varia- 
tion may represent a critical mechanism by which cells can 
modulate their responses to growth substances and hormones. 
Several investigators have stressed the inherently random dis- 
tribution of membrane receptors of hormones that are inter- 
nalized through coated pits’ *. It follows that the clustering of 
pits on rounded cells and particularly their redistribution 
following colchicine may place coated pits at a variable distance 
from membrane receptors and so may alter the cellular response 
to ligands that bind these receptors. For example, topographical 
phenomena may underlie the potentiation by colchicine of DNA 
synthesis induced in serum-starved, quiescent fibroblasts by 
epidermal growth factor, fibroblast growth factor, insulin and 
other hormones'*”’ 

We thank Dr Robert Rippey for discussions on statistics. This 
work was supported in part by NIH grants CA185544 and grant 
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portion to their average lengths on the individual cell profiles. This device allowed the ready transfer of pit distribution from the original cell 
profile to the generalized cell. The four segments referred to as ‘neck’ are marked: segments above these are the ‘head’ and segments below the 
‘body’. c, d Show the cumulative pit distributions from two separate experiments that analysed 12 (c) and 11 (d) profiles of colchicine-treated 
protuberant cells. The diagrams were built up of 63 and 80 pits, respectively. Scale bar 1 ym. Obviously, an analogous diagram for untreated 
symmetrical cells cannot be constructed because there is no common morphological feature by which to orientate the different profiles. 
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When insulin interacts with its target cells, it binds to a specific 
membrane receptor and triggers a chain of events which stimu- 
late many physiological responses™?. Although the mechanism 
of insulin action remains uncertain™“, electron microscopy has 
suggested that unoccupied insulin receptors appear in clusters of 
two to six molecules and that insulin becomes internalized after 
binding to them*“. Insulin receptors on 3T3 fibroblasts labelled 
with rhodamine-insulin (R-insulin) are diffusely distributed 
and mobile on the cell surface, with a lateral diffusion coeffi- 
cient D ~ (3-5)x10-° cm’ s"'. At 37°C, hormone-receptor 
complexes aggregate into immobile patches which are soon 
endocytosed’. A new tool for such studies has been provided 
by the discovery of autoantibodies to the insulin receptor in the 
sera of certain patients with insulin-resistant diabetes’. These 
antibodies stimulate various physiological responses normally 
mediated by insulin™™™*, Both the bivalent antibodies (Fab’), 
and the monovalent Fab’ block insulin binding, but only the 
bivalent antibodies are biologically active’, Fab’ acting as a 
competitive antagonist’. Similarly, antibodies raised against 
purified insulin receptors can mimic insulin’, suggesting that 
microaggregation of receptors could be involved in the action of 
this hormone’*"*. We now report that at 37°C both R-insulin 
and the rhodamine-labelled antibodies against insulin receptors 
form a single cap on one pole of the cell. Cells which were first 
treated at 37°C with fluorescein-insulin (F-insulin, at partial 
receptor occupancy), fixed with formaldehyde and then treated 
with either R-insulin or rhodamine-labelled anti-receptor 
antibodies, showed overlapping caps of the two markers. These 
experiments demonstrate directly the aggregation of insulin 
receptors and suggest either that insulin receptors are multi- 
valent towards the hormone or that the unoccupied receptors 
migrate together with the occupied ones in the formation of 
caps. 


* To whom correspondence should be addressed. 
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When IM-9 lymphocytes were incubated with R-insulin 
(50 ng m1” ') for 90 min at 4°C, the hormone appeared diffusely 
distributed over the cell surface. If these cells were subsequently 
incubated at 37°C, the labelled hormone-receptor complexes 
clustered within 15 min and formed a single cap on one pole of 
the cell. Similar caps were observed when lymphocytes were 
incubated for 30min at 37°C with R-insulin (SO ng ml’) 
without preincubation at 4 °C (Fig. la, b). Insulin-induced cap- 
ping occurred in approximately 60% of lymphocytes, the rest 
showing weak diffuse or patchy staining. Pretreatment of cells 
with 107° M sodium azide for 30 min at 37 °C inhibited capping, 
and R-insulin formed visible patches over the cell surface (Fig. 
2a, b). Capping was not affected by preincubation for 30 min at 
37 °C with 10°° M colchicine, a microtubule-disrupting agent, 
concanavalin A (Con A, 20 ug ml‘), which inhibits capping and 
mobility of various other antigens on the membrane of lympho- 
cytes, or 10 * M cycloheximide, which inhibits protein synthesis. 

When lymphocytes were labelled with SOugml” of 
rhodamine-labelled autoantibodies against insulin receptors, 
similar results were obtained. At 37 °C, the antibodies induced a 
single cap on one pole of the cell (Fig. lc, d). As with R-insulin, 
when cells were preincubated with sodium azide, patches were 
seen, instead of a single cap (Fig. 2e, f). Binding of anti-receptor 
antibody and R-insulin was specific. If the cells were incubated 
with 0.4 ug ml of native insulin with either R-insulin (Fig. 2c, 
d) or rhodamine-labelled anti-receptor antibodies, a weak 
diffuse fluorescence was observed. This reflects nonspecific 
interactions between the antibodies and the cell surface and is 
similar to the pattern observed when lymphocytes are incubated 
with equivalent amounts of IgG fraction of normal human 
antibodies (data not shown). 





Fig. 1 The distribution of R-insulin and rhodamine-labelled 
autoantibodies against insulin receptors on IM-9 lumphocytes. 
Lymphocytes suspended in Hank’s balanced salt solution (BSS) 
containing 1 mg ml’ bovine serum albumin (2 10° cells mI’) 
were incubated with either 50 ng ml’ R-insulin or 50 wg ml” of 
rhodamine-labelled autoantibodies against the receptors isolated 
from insulin-resistant diabetics for 30 min at 37°C. After the 
incubation, the cells were washed twice with Hank's BSS, fixed 
with 1% formaldehyde for 10 min at 23 °C, washed twice more and 
mounted on microscope slides for microscopic observation. The 
fluorescence and the phase micrographs of the IM-9 lymphocytes 
were taken with a Polaroid camera from a television screen that 
projects the intensified image of these cells. Full details about this 
system were previously reported”’**, a, Phase: b, fluorescence 
micrographs of the same field of cells labelled with R-insulin. c, 
Phase; d, fluorescence micrographs of the same field of cells 
labelled with rhodamine-conjugated antibSdies against insulin 
receptor. x 1,900 
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Table 1 The distribution of R-insulin and other reagents on the cell 





surface 
Presence 
Cell % of 
Expt Reagents distribution Cells co-caps 
I a F-insulin Caps 55+6 Yes 
(Sng ml‘) 
b R-insulin Caps 49+8 
(150 ng ml‘) 
I] a F-insulin Caps 58+7 Yes 
(Sngml') 
b R-anti-insulin Caps §2+6 
receptor 
(SO ug ml ') 
Il] a F-insulin Caps 62+6 No 
(150 ng m1~') 
6 R-insulin Diffuse 
(150 ng m1‘) background 
IV a Insulin — 
(150 ng ml’) 
b R-insulin Diffuse 
(150 ng ml‘) background 
V a R-insulin Caps 50+8 No 
(150 ng m1‘) 
b Fluorescein- Diffuse 100 
lipopolysac- 
charide 
VI a R-insulin Caps 62+11 No 
(150 ng mI) 
b Fluorescein- Diffuse 100 
Con A 


In all the experiments the IM-9 lymphocytes were first incubated for 
30 min at 37 °C with reagent a, washed with PBS, fixed with formalde- 
hyde and after additional washing labelled with reagent b for 30 min at 
23 °C. The values are the average of four different experiments. 


Double-label experiments were carried out to examine 
whether insulin and antibody-induced receptor capping affect 
only the occupied receptors or produce a more general effect. 
Lymphocytes were incubated with F-insulin (5 ng ml~‘) for 
30 min at 37 °C. (At this concentration 20-30% of receptors are 
occupied.) Cells were then washed twice in phosphate-buffered 
saline (PBS), fixed with 3% formaldehyde for 10 min at 23 °C 
and incubated for a further 30 min at 23 °C with a near-saturat- 
ing concentration of R-insulin (150 ng ml“'). The two markers 
seemed to be distributed in a single cap (Fig. 3, Table 1). When 
cells were labelled with saturating concentrations of either 
F-insulin (200 ng ml‘) or native insulin (0.4 ug ml~'), fixed and 
labelled with R-insulin, only background fluorescence was 
observed, in the spectral range of rhodamine. We have pre- 
viously reported that hormone binding was not affected and that 
receptor clustering was inhibited by mild fixation with formal- 
dehyde’. 

A similar experiment was carried out with F-insulin and 
rhodamine-labelled anti-receptor antibodies. The cells were 
first incubated with F-insulin (5 ngml~', 20-30% receptors 
occupied), washed, fixed and labelled with rhodamine anti- 
receptor antibodies (50 ug ml™*). As before, F-insulin and 
rhodamine-labelled anti-receptor antibodies appeared in the 
same domain. Interestingly, in all these experiments, only 50- 
60% of cells were capped. We do not know the reason for this. It 
is difficult to evaluate the pattern of the diffusely labelled cells 
because the nonspecific fluorescence appeared in a simular 
pattern. 

Although occupied insulin receptors may cause co-capping of 
unoccupied receptors, insulin-induced receptor capping does 
not affect the general distribution of other membrane 
components. IM-9 lymphocytes were labelled with R-insulin 
(50 ng ml‘), fixed with 3% formaldehyde and incubated for 20 
min at 23 °C with fluorescein—Con A (20 yg ml‘). In contrast to 
a single cap of R-insulin observed on 62% of lymphocytes, 
nearly 100% of the cells showed uniform distribution of 
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fluorescein-ConA. Results were similar when cells were 
labelled with R-insulin, fixed and labelled with a fluorescein- 
labelled lipopolysaccharide (50 ugmlI~'). This molecule is 
embedded artificially in the lipid matrix of the membrane of 
various cell types'’. In this experiment, R-insulin appeared in 
caps on 50% of the cells, whereas nearly 100% of the cells 
showed uniform distribution of fluorescein-labelled lipopoly- 
saccharide. 

Thus, insulin or antibodies against its receptors form patches 
and caps of insulin receptors on the membrane of IM-9 
lymphocytes. This provides further evidence that insulin recep- 
tors can diffuse” laterally in the plane of the membrane of IM-9 
lymphocytes, and that insulin or antibodies against its receptors 
redistribute their receptors on the cell membrane. Our data also 
demonstrate that insulin or antibodies against insulin receptors 
bind to the same domain on the cell surface, as revealed by 
fluorescence microscopy, and that insulin receptors are opera- 
tionally multivalent towards the hormone molecule. This 
operationally multivalent species could also be pictured as an 
oligomer of monovalent recognition subunits. 

It is difficult to explain how a small, presumably monovalent 
molecule such as insulin can induce receptor clustering, 
although other polypeptides such as epidermal growth factor’, 





Fig. 2 Sodium azide inhibits the formation of caps of insulin or 
antibodies against insulin receptor on IM-9 lymphocytes. a, Phase; 
b, fluorescence micrographs of the same field of IM-9 lymphocytes 
preincubated with 107° M of sodium azide for 30 min at 37 °C and 
then for an additional 30 min with R-insulin. The cells were washed 
with PBS, fixed with formaldehyde and mounted on microscope 
slides for microscopic observation. c, Phase; d, fluorescence 
micrographs of the same field of IM-9 lymphocytes which were 
incubated with 0.4 ug ml! * native insulin together with 50 ng ml” , 
R-insulin. The weak diffuse fluorescence reflects the nonspecific 
binding of the fluorescent hormone. e, Phase; f, fluorescence 
micrographs of the same field of cells preincubated with 10 ~ M of 
sodium azide for 30 min at 37 °C and then for additional 30 min 
with 50 ug ml’ of rhodamine-labelled antibodies against insulin 
receptor. The cells were washed, fixed and mounted for micro- 
scopic observation. x 1,900. 
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Fig. 3 Co-capping of F-insulin and R-insulin on IM-9 lympho- 
cytes. IM-9 lymphocytes were incubated with 5 ng ml * F-insulin 
for 30 min at 37 °C; at this concentration 20-30% of the receptors 
are occupied. The cells were washed, fixed with 3% formaldehyde 
for 10 min at 23 °C and then incubated for an additional 30 min at 
23 °C with 100 ng ml‘ of R-insulin. a, b and c are micrographs of 
one cell and d, e and f are micrographs of a second cell. a Is phase, b 
and c are fluorescence micrographs of F-insulin and R-insulin, 
respectively. d, Phase; e and f are fluorescence micrographs of 
F-insulin and R-insulin, respectively. x 1,900. 


nerve growth factor’" and enkephalin’’ can also induce receptor 
clustering. For insulin, a simple mechanism would be self- 
aggregation on the cell surface, for insulin dimerizes and aggre- 
gates in solution at concentrations above 10% M and its local 
concentration on the cell membrane is about 10°° M (ref. 16). 
On the other hand, if surface aggregation is a biologically 
important process, it must differ from aggregation in solution 
because several insulins do not aggregate in solution, but are 
biologically active'*. A more plausible mechanism is that 
hormone binding induces a conformational transition in the 
receptor molecules that increases the binding affinity between 
mobile receptors. Our finding that partial occupancy of insulin 
receptors leads to co-capping of unoccupied receptors can be 
interpreted in two ways. One explanation is that the receptor 
molecules are multivalent towards the hormone. At low levels of 
receptor occupancy, one or more binding sites of each multimer 
is occupied, and as they cap, they bring with them the unoc- 
cupied receptors. The second possibility is that the receptor 
molecules are independent, but the conformational transition 
induced in them by the binding of insulin enhances the inter- 
actions between neighbouring receptors, leading to the migra- 
tion of unoccupied receptors together with the occupied one. 
Both explanations, however, imply that the receptor molecule is 
operationally multivalent towards the hormone, which is 
consistent with the negative cooperativity exhibited by insulin 
binding to its membrane receptors in IM-9 lymphocytes”. 
Hormone-induced microaggregation of multivalent receptors 
could be the mechanism of negative cooperativity. It is not 
known whether insulin receptors cluster in coated areas of the 
plasma membrane, as do æœ,-macroglobulin and epidermal 
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growth factor®'’*, and the biological significance of hormone- 
induced receptor capping is unclear. At physiological concen- 
trations, insulin does not induce microscopically visible receptor 
caps or patches, but microaggregation of receptors is likely at 
such concentrations. Other data suggest that microaggregation 
of receptors is an important step in the chain of events leading to 
the bioactivity of insulin and epidermal growth factor’*’°. The 
larger microscopically visible caps are induced at concentrations 
of insulin in which it ‘down-regulates’ its membrane receptors. 
Indeed, we have found a good correlaticn between the extent of 
insulin-induced receptor loss (down-regulation) and the amount 
of IM-9 lymphocytes which cap (unpublished results) 
Furthermore, both processes depend on hormone concen- 
tration, time and temperature. This suggests a possible phy- 
siological role to insulin-induced receptor capping. 

J.S. acknowledges support by grants from NIH (CA-25820) 
and from the US-Israel Binational Science Foundation. 
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The contractile proteins of adult skeletal and cardiac muscle 
tissue are very similar. Some of these proteins are identical in 
amino acid sequence’ or differ only slightly’. Various structural 
studies have shown that the heavy and light chains of myosin are 
also homologous in skeletal and cardiac muscles*”’. In 
developing skeletal muscles, certain myosin subunits are present 
which are not found in the corresponding adult muscle’? ’. 
Whether fetal cardiac muscle also contains myosin subunits 
homologous to these early forms is not known. We now report 
that ventricular myosin of fetal rats has a light chain polypeptide 
corresponding to the skeletal muscle embryonic light chain”. 
This result provides further evidence that a form of myosin light 
chain, not detectable in adult skeletal or ventricular myosin, is 
characteristic of the early stages of striated muscle develop- 
ment’, 

Myosin purified from 20-day embryonic rat ventricles by 
Sepharose or DEAE-cellulose chromatography'' contains 
three components of the same moleculer weight as adult myosin 
(Fig. 1a), but also has a band of approximate molecular weight 
(MW) 26,000 (Fig. 15). Two-dimensional gel analysis of adult 
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Fig. 1 Gel electrophoresis of various myosin samples. Myosins 
were extracted and purified from adult rat heart ventricles, 20-day 
fetal rat heart ventricles and fused L6 myotube cultures as pre- 
viously described'’. The final step in the purification procedure for 
the preparations shown here was chromatography on Sepharose 
2B in the presence of 1 mM ATP"'. a, Adult cardiac myosin and b, 
embryonic cardiac myosin were analysed on one-dimensional SDS 
gels. The positions of light chains (LC1 and LC2) and heavy chain 
(MHC) are indicated. Two-dimensional gel analysis of myosin light 
chains'’ was performed on c, adult cardiac myosin, d, embryo 
cardiac myosin, e, L6 myosin and f, a mixture of L6 and embryo 
cardiac myosin. Only the light chain region is shown. About 15 pg 
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SDS’"*. The pattern of degradation is very similar to that of 
adult cardiac myosin after treatment with S. aureus protease 
(Fig. 26,c). The one-dimensional analysis of patterns obtained 
after cleavage by chymotrypsin or papain also reveals extensive 
similarity (results not shown). However, two-dimensional 
analysis after chymotryptic degradation reveals several quan- 
titative differences. For example, some minor polypeptides in 
the adult myosin pattern (Fig.3a) are major species in the 
embryonic pattern (Fig. 3c); they are indicated in Fig. 3b by 
arrows in the gel containing a mixture of the two reactions. 
Other polypeptides are major in the adult and minor in the 
embryonic preparation. No detectable amounts of any adult fast 
or embryonic skeletal myosin heavy chain isozymes are seen in 
the cleavage patterns of embryonic cardiac myosin (Fig. 2a,b, 
and ref. 7). The quantitative differences seen in the embryonic 
and adult patterns may mean that these preparations are mix- 
tures of two or more isozymes, the ratios of which are different. 
This possibility is consistent with results of electrophoresis of 
native intact myosins'® which reveals three rat ventricular 
myosin isozymes (V,, Vz and V3). V3 is predominant in 18-day 
embryos (J. F. Y. Hoh, personal communication) while V, is the 
major form in the adult'’. It is therefore possible that the heavy 
chain isozyme we find in embryonic heart tissue corresponds to 
that of V, myosin. Interestingly, a V, isozyme reappears in large 
amounts in hypertrophic hearts”. 

We have demonstrated a novel form of myosin light chain in 
embryonic skeletal muscle'’, and the results presented here 
reveal an identical, or at least very similar, protein in embryonic 
rat ventricular myosin. Because the two-dimensional gel tech- 
nique is capable of high resolution, co-migration of these two 
proteins is suggestive of identity. The presence of a cleavage site 


of each myosin were loaded on the gels. The arrows in d-f indicate 
the LClemb protein. 


and embryonic cardiac myosin light chains (Fig. 1c,d) clearly 
revealed two and three components respectively. Myosin from 
the myogenic rat cell line L6 is composed of two light chains, an 
LC2 protein of the fast skeletal type plus the embryonic light 
chain LC1,.,., described previously''. Co-electrophoresis of 
embryonic cardiac myosin with L6 myosin showed that the third 
light chain component in the cardiac preparation corresponded 
to LClem»ẹ as determined by their co-migration (Fig. le,f). No 
fast-type light chains were detected in the embryonic cardiac 
myosin, as suggested previously'’. The earlier result may have 
been due to contamination of the embryonic myofibrillar prep- 
arations by histones, as shown elsewhere’®"”. 

The possibility that cardiac and L6 embryonic light chain are 
identical is supported by the following results. During partial 
proteolysis of SDS-denatured myosin using Staphylococcus 
aureus protease, LC1,.,,, is converted to a polypeptide of 
approximately 23,000 MW, whereas LC1 light chains of adult 
fast, slow and cardiac myosin are relatively resistant’. We have 
verified that this 23,000-MW species is not derived from the 
heavy chain at these levels of degradation by comparing the 
cleavage pattern of isolated L6 myosin heavy chain with that of 
the whole molecule (heavy and light chains; not shown). As 
Fig. 2 shows, cardiac LC1.,,, is degraded to a polypeptide of the 
same molecular weight as that derived from the L6 embryonic 
light chain (Fig. 2a,b). The resistance of the adult cardiac LC1 to 
S. aureus protease (Fig. 2c) also suggests that it is not directly 
related to LC1 np. 

The ratios of the various cardiac myosin light chains were 
determined by densitometry of the stained bands on one- 
dimensional SDS gels. Adult myosin contains LC1 and LC2 ina 
ratio of 1.16+0.08:1(n =5), which after correction for their 
respective molecular weights (22,000 and 20,000 (ref. 9)) is 
close to the expected 1:1 stoichiometry. Densitometry of 
embryonic cardiac myosin reveals that the ratio of LC1+ 
LC 1em to LC2 is 1.19 + 0.08: 1(n = 4). LC1 em, represents about 
25% of the total LC1-type light chain in this myosin. 

The myosin heavy chain of embryonic cardiac myosin was 
examined by partial proteolytic cleavage after denaturation by 
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Fig. 2 Partial proteolysis of skeletal and cardiac LClemb by S. 
aureus protease. About 16 ug of myosin was treated with S. aureus 
protease in the presence of SDS as described previously and then 
analysed on a one-dimensional SDS gel. Results are shown for the 
treatment of a, L6 myosin, b, embryo cardiac myosin and c, adult 
cardiac myosin. d, Untreated embryo cardiac myosin shows the 
positions of various intact light chains. The LC1...,-derived frag- 
ment is indicated by an arrow. 
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Fig. 3 Polypeptide maps of adult and embryo cardiac myosin heavy chains. The partial chymotryptic cleavage reactions were carried out as 

described for two-dimensional gel analysis” except that the final myosin concentration was only 1 mg ml’. About 60 yg were loaded on the gels 

containing a, adult and c, embryonic myosin cleavage products. Gel b, contained about 30 ug of each of the adult and embryonic cleavage 

products. The arrows in b, indicate polypeptides that are major in the embryonic myosin map c, and minor in the adult map a. The arrow inc 

indicates the intact LC 1em» protein. Two-dimensional gels were run as described’ except that the isoelectric focusing gel was 21 cm long and the 

second dimension slab gel was 19 cm high, composed of a 4-cm stacking gel and 15-cm separation gel. The gels are presented with the basic pH 
range to the left. 


for S. aureus protease in both the skeletal and cardiac proteins is 
also consistent with this possibility. The LC1,,,,, light chain is not 
found in adult ventricular myosin (shown here) nor in adult 
skeletal muscle'’. While we cannot rule out that LC1,,,., might 
be a major component of some adult myosin, it seems to be 
present in skeletal and ventricular myosin only at the early 
stages of development. The relative stoichiometry of the LC1 
and LC2 components in fetal cardiac myosin is the same as in 
adult myosin, although LC1.,,,, partially replaces the adult 
cardiac LC1 at the early stages. 

The similarity of the ventricular heavy chain isozymes found 
at 20 days in utero with those of the adult could be interpreted in 
several ways. Conceivably a distinct embryonic form is never 
present in developing myocytes. Alternatively, cardiac tissue 
could be much more developed biochemically at this stage than 
skeletal muscle, and an embryonic form may already have been 
replaced by the adult forms. Even though myocytes are still 
proliferating in the perinatal period, these dividing cells are 
biochemically differentiated. In contrast to the heavy chain, 
the light chains have not attained the adult phenotype by 20 days 
of gestation. If the absence of a distinct embryonic heavy chain 
at this time is simply due to rapid turnover of such a form, then 
the situation is the inverse of developing skeletal muscle in 
which LC1.,,, disappears more rapidly than embryonic heavy 
chain’*'*??, 

We thank Dr K. Schwartz for helpful discussions and Profes- 
sor F. Gros for support and encouragement. This laboratory is 
supported by the CNRS, DGRST, INSERM, CEA and the 
Muscular Dystrophy Association of America. 

Received 23 January; accepted 21 May 1980. 


1. Mak, A. S., Lewis, W. G. & Smillie, L. B. FEBS Lett. 105, 232-234 (1979). 
2. Wilkinson, J. M. Eur. J. Biochem. 103, 179-188 (1980). 
3. Vandekerckhove, J. & Weber, K. Differentiation 14, 123-133 (1979). 
4. Streter, F. A., Balint, M. & Gergely, J. Dev! Biol. 46, 317-325 (1975) 
5. Brevet, A. & Whalen, R. G. Biochimie 60, 459-466 (1978). 
6. Flink, L L., Rader, J. H. & Morkin, E. J. biol. Chem. 284, 3105-3110 (1979). 
7. Whalen, R. G., Schwartz, K., Bouveret, P., Sell, S. M. & Gros, F. Proc natn. Acad. Sci. 
U.S.A. 16, 5197-5201 (1979). 
8. Weeds, A. G. FEBS Lett. 59, 203-208 (1975). 
9. Weeds, A. G. Eur. J. Biochem. 66, 157-173 (1976). 
10. Huszar, G. Nature new Biol. 240, 260-264 (1972). 
11. Whalen, R. G., Butler-Browne, G. S. & Gros, F. J. molec. Biol. 126, 415-431 (1978). 
12. Hoh, J. F. Y. & Yeoh, G. P. S. Nature 280, 321-322 (1979). 
13. Rushbrook, J. 1. & Stracher, A. Proc. natn. Acad. Sci. U.S.A. 16, 4331-4334 (1979). 
14. Whalen, R. G. in Plasticity of Muscle (ed. Pette. D.) 177-191 (Walter de Gruyter, Berlin, 
1980), 
15. Pelloni-Mueller, G., Ermini, M. & Jenny, E. FEBS Lett. 67, 68-74 (1976). 
16. Dabrowska, R., Sosinski, J. & Drabikowski, W. FEBS Lert. 79, 295-300 (1978). 
17. Pette, D., Vrbova, G. & Whalen, R. G. Pflügers Arch. ges Physiol. 369, 85-89 (1979). 
18. Cleveland, D. W., Fischer, S. G., Kirschner, M. W. & Laemmli, U.K. J. biol. Chem. 252, 
1102-1106 (1977). 


19. Hoh, J. F. Y., McGrath, P. A. & Hale, P. T. J. molec. cell. Cardiol 10, 1053-1076 (1978) 
20. Lompré, A.-M., et al., Nature 282, 105-107 (1979). 

21. Claycomb, W. C. Exp! Cell Res. 118, 111-114 (1979) 

22. Whalen, R. G., Butler-Browne, G. S., Sell, S. & Gros, F. Biochimie 61, 625-632 (1979) 








Coexistence of a-fetoprotein, albumin 
and transferrin immunoreactivity in 
neurones of the developing mouse brain 


C. Dominique Toran-Allerand 


Center for Reproductive Sciences (IISHR) and Department of 
Neurology, Columbia University, College of Physicians & Surgeons, 
630 West 168th Street, New York, New York 10032 





&-Fetoprotein (AFP), a major fetal plasma protein, is present at 
high levels (mg ml™') throughout development and at 
extremely low levels (ng mi~*) in the normal adult (see refs 1,2). 
Unlike that of most other species, rat and mouse AFP bind 
oestrogens with a high afinity’. This aroused speculation 
regarding its involvement in the growth and differentiation of 
oestrogen target tissues*. Extracellular sequestration of mater- 
nal oestrogens through binding to AFP is generally assumed to 
protect the female rodent brain from excessive oestrogenization 
(masculinization) from the high oestrogen levels present during 
the critical period for sexual differentiation*®. There is an intra- 
cellular pool of AFP of unknown function in brain cytosol of 
fetal and neonatal rats“ and mice’. Its intraneuronal localization 
has been confirmed within the central and peripheral nervous 
systems of the developing rat*” and human fetus” by immuno- 
peroxidase cytochemistry. Other major plasma binding proteins 
such as albumin” and prealbumin”’ but not transferrin’ have 
also been localized within neurones of the developing rat and 
human brain. As part of a continuing ontogenetic study, I 
present here the first evidence, derived by single- and double- 
label immunofluorescence, for the intraneuronal localization 
and coexistence of immunoreactive AFP, albumin and trans- 
ferrin within the same neurones of the late fetal and postnatal 
mouse brain. These observations may be relevant to the process 
of sexual differentiation of the brain, and, the mechanism of 
transport of hormones and other growth-promoting substances 
into neurones during development. 
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Fig. 1 a, [mmunofiuorescent staining of the newborn male mouse 
hypothalamus with the non-immune IgG control. Note the total 
absence of cellular fluorescence and the localization of the staining 
to a blood vessel only. This section was adjacent to the one in Fig. 
2b x 100. Detailed methods for Figs 1 and 2 are given in the text. b, 
Immunofluorescent localization of mouse AFP in immature 
neurones of the 18-day fetal female mouse cerebral cortex. Note 
the cytoplasmic immunoreactivity with extension into the primary 
neuronal processes. X 175. 


Brains from sexed 18-day fetal, newborn, 8-day post-natal 
and adult mice were immersed in ice-cold ethanol/acetic acid'' 
without stirring for 24h, dehydrated, cleared and embedded 
according to the method of Sainte-Marie’*, and processed for 
single- or double-label immunofluorescence. Demonstration of 
antigen localization was carried out by incubations of 3-4-um 
serial coronal sections with purified goat antibodies to mouse 
AFP, the y-globulin (IgG) fraction of rabbit antiserum to mouse 
albumin either unlabelled or conjugated to fluorescein iso- 
thiocyanate (FITC) (Cappel), or goat antiserum to mouse trans- 
ferrin (Cappel) for 48h at 4°C. After washing in phosphate- 
buffered saline (PBS) (pH 7.4), antibody binding was visualized 
either by the direct method (FITC-conjugated anti-mouse 
albumin) or indirectly by adding goat anti-rabbit or rabbit 
anti-goat IgG conjugated to either (FITC) (green) or tetra- 
methyl rhodamine isothiocyanate (TRITC) (red) (Cappel) for 
24 h at 4°C. The sections were then washed in PBS (pH 7.6), 
mounted in Gelvatol and examined with a Zeiss microscope 
equipped with both fluorescein and rhodamine optics, and 
epi-illumination. 

Controls included: (1) non-immune goat and rabbit sera; (2) 
absorption (neutralization) of AFP antibodies by newborn 
mouse serum (high AFP levels); (3) absorption with purified 
mouse albumin or mouse transferrin (Cappel); (4) the fluoroch- 
rome conjugates algne, and (5) newborn mouse liver, a site of 
AFP, albumin and transferrin synthesis, as a positive control. 
These showed no fluorescence except for the liver, which 
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confirmed the localization of the plasma proteins to the paren- 
chymal cells. Furthermore, to distinguish the specific intra- 
cellular localization of the plasma proteins from their passive 
uptake, resulting from experimentally induced alterations in cell 
membrane permeability'*'*, parallel sections were always 
exposed to antiserum to mouse IgG (Cappel)'*. IgG 
immunoreactivity was usually localized only to blood vessels 
(Fig. la). Neuronal fluorescence was generally absent, although 
small clusters of IgG-staining cells were occasionally seen only 
in regions of obvious tissue damage. Cells were considered 
AFP-, albumin- or transferrin-positive only if they were also 
IgG-negative. 

The double-labelling experiments (AFP—albumin; transfer- 
rin-albumin) were carried out by a combined direct (albumin) 
and indirect (AFP; transferrin) method. This approach became 
necessary because the sequential application of the two con- 
jugated fluorochromes (TRITC-rabbit anti-goat; FITC-goat 
anti-rabbit) resulted in the double staining of each primary 
antibody due to apparent conjugate cross-reactivity, The con- 
jugated fluorochromes themselves, however, did not detect the 
inappropriate antibody nor did they stain the tissue in the 
absence of antibody. The double labelling experiments 
consisted of sequential applications on the same tissue section of 
the goat antibodies (AFP or transferrin), TRITC-—rabbit anti- 
goat IgG and FITC-rabbit anti-mouse albumin IgG, each for the 
time periods described above. Double-label detection of AFP 
and transferrin was not possible because of their shared species 
of origin (goat). 

Intracellular localization of all three plasma proteins was 
observed only in the brains of the 18-day fetal, newborn and 
8-day postnatal mice. The adult brains exhibited no fluores- 
cence. Specific fluorescence was observed in cell groups 
throughout the developing brains of both sexes and seemed to 
be localized to neurones only. Large numbers of post-mitotic 
neuroblasts and immature neurones exhibited bright, specific 
intracytoplasmic fluorescence which often extended into pri- 
mary processes, initial dendritic segments and axons (Figs 1, 2). 
Neuronal nuclei did not fluoresce. AFP-, albumin- and trans- 
ferrin-containing neurones were widely distributed in diverse 
regions, including the cerebral cortex (Fig. 1b), septum, basal 
ganglia, hippocampus, brain stem (Fig. 2a), hypothalamus (Fig. 
2h), cerebellum and medulla. The numbers of fluorescing 
neurones in any given region increased with its developmental 
stage. This was exemplified quite strikingly in the cerebral 
cortex, where the numbers and topographic distribution of 
fluorescing neurones were closely correlated with differentiation 
of the cortical layers. In the hypothalamus, preoptic area and the 
amygdala, however, certain nuclear regions known from `H- 
oestradiol autoradiography to contain oestradiol receptors were 
rendered anatomically distinctive by the complete or almost 
complete and bilaterally symmetrical absence of fluorescence. 
These regions include the medial preoptic area, the suprachi- 
asmatic, arcuate, ventromedial and ventral premamillary nuclei 
of the hypothalamus, and the medial and cortical amygdaloid 
nuclei and will be described elsewhere (in preparation). Specific 
fluorescence was also seen in the epithelial cells of the choroid 
plexus, in the meninges, in blood vessels, to varying degrees in 
the apical portions of ependymal cells, and in the extracellular 
space of the developing brains. Fluorescence of the extracellular 
space, however, decreased significantly between birth and the 
8th postnatal day and was totally absent from the adult brain. 

Double-labelling experiments demonstrated that all neurones 
which exhibited fluorescence for either AFP or transferrin (red) 
also contained albumin (green). Although the lack of suitable 
antibodies precluded any direct comparisons of AFP and trans- 
ferrin localization, the topographic distribution of albumin- 
containing cells in serial sections suggests that all three proteins 
are in the same neurone. 

This is the first demonstration of AFP, albumin and transfer- 
rin immunoreactivity in the developing mouse brain and of their 
coexistence within the same neurones. These observations also 
confirm that the AFP in mouse brain cytosol is intraneuronal . 
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Furthermore, transferrin has not previously been localized, 
intraneuronally, its specific absence, rather. being noted®™'®, 
Because of the inadequacy of the blood-brain barrier at the ages 
studied, the intraneuronal coexistence of the three plasma pro- 
teins makes it seem more likely that they have been taken up by 
endocytosis from the cerebrospinal fluid and blood’ than 
synthesized locally. This hypothesis is supported by the 
observed immunoreactivity of blood vessels, choroid plexus 
epithelium and the extracellular space. To investigate the alter- 
native possibility, however, we are now determining whether or 
not AFP is synthesized in developing neurones by carrying out in 
situ and solution hybridizations to the messenger RNA with a 
cloned chromosomal DNA probe specific for AFP. 

The discrete intracytoplasmic localization of AFP. albumin 
and transferrin raises questions regarding their possible active 
and essential role in neuronal differentiation and development. 
As binders of a variety of hormones and other biologically active 
substances, these three plasma proteins may mediate or modu- 
late their intraneuronal transport. It has been proposed, for 
example, that at low steroid concentrations cellular entry of 
oestrogen into the immature rat uterus may be a carrier- 
mediated event in contrast to the diffusion seen with high 
levels™*. Moreover, the essential role of albumin in the active 
transport of thyroid hormones into rat hepatocytes in culture has 
been demonstrated'®. Incorporation of albumin (but not of 
other proteins) into the nutrient medium of cultured chick 
sensory ganglia, furthermore, significantly enhanced the biolo- 
gical activity of nerve growth factor (NGF) by doing more than 
merely preventing its adsorption to glassware”, 

The intraneuronal localization of the oestrophilic AFP has 
important implications for the process of sexual differentiation 
of the rodent brain. Its intracellular presence forces one to 





Fig. 2 a, Immunofluorescent localization of mouse albumin in 


neurones of the 8-day female mouse midbrain. x 100 b, 
Immunofluorescent localization of mouse transferrin in neurones 
of the newborn male mouse hypothalamus, x 175 
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greater affinity of oestradiol for its receptor, could liberate the 
steroid for subsequent association with its cytoplasmic recep- 
tors. Such a mechanism might thus provide certain neurones of 
both sexes with the intracellular source of oestradiol of non- 
androgen origin previously postulated as necessary for the 
induction of both male and female patterns of neural differen 

tiation’*'”, 

This phenomenon, however, need not be limited to the par- 
ticular proteins described here. In those species (birds. humans) 
whose AFP has little or no oestrogenic afi nity™*, other binding 
proteins, including albumin, may serve the same functions by 
similar mechanisms. Its possible active rcle in the transport of 
thyroid hormones and NGF-like substances. among others, as 
well as its capacity to bind oestrogens, renders albumin also of 
considerable potential importance to the de elopment of the 
central nervous system. Furthermore, the intraneuronal local- 
ization of albumin makes it imperative that antisera raised to 
bovine serum albumin-conjugated antigens be pre-absorbed 
with albumin before use in immunocytechemical studies of 
developing central nervous system tissue both in situ and in 
cultures exposed to serum-containing medium. 

The significance of the intraneuronal localization of transfer- 
rin is unknown. That transferrin per se may mediate important 
developmental functions, however, is suggested by recent in 
vitro observations™ that transferrin (90% iron-free) is essential 
for neuronal differentiation and survival in serum-free medium. 

The cellular uptake of plasma proteins curing dey elopment 
may not be unique to the brain. Preliminary studies (unpub- 
lished observations) suggest that immunoreactive AFP. albumin 
and transferrin are also localized within cells of the neonatal 
adenohypophysis. Their presence in other hormonal target 
tissues remains to be determined. 
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Glial cells in the enteric nervous system 
contain glial fibrillary acidic protein 
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The complex nervous networks found throughout the mam- 
malian gut—the enteric nervous system—are histologically, 
ultrastructurally, and, to some extent, functionally—similar to 
the central nervous system’. The glial cells of the small enteric 
ganglia are generally classified as Schwann or satellite cells, since 
they are found in the peripheral nervous system, possess nuclei 
which ultrastructurally resemble those of Schwann cells and are 
derived from the neural crest**. However, it has been argued 
that these cells resemble astrocytes of the central nervous system 
with respect to gross and fine structure, and their relationship 
with the enteric neurones and their processes'*. In immuno- 
histochemical studies of these cells, both in frozen sections of gut 
wall and in tissue culture preparations of the enteric plexuses, we 
found evidence that the enteric glial cells are rich in glial 
fibrillary acidic protein (GFAP), a protein associated with the 
100 A glial intermediate filaments’, and hitherto believed to be 
specific to astrocytes of the central nervous system only*”. 
Figure 1 illustrates the immunofluorescence seen when frozen 
sections through ganglia of the rat myenteric plexus, cerebellum 
and sympathetic ganglia were treated with antisera raised 
against human GFAP; similar results were obtained with three 
different antisera”’®. As shown in Fig. 1b, the antisera reacted 
strongly with the glial cells in the myenteric ganglia, the 
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Fig. 1 
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immunofluorescence characteristically surrounding the 
neuronal cell bodies, which were always unstained. The glial 
staining was of similar intensity to that of astrocytes in frozen 
sections from the central nervous system (Fig. 1b, d). No staining 
was found in the Schwann cells, satellite cells, neurones or axons 
in sections from other autonomic ganglia with any of the three 
antisera (Fig. 1c). However, Yen and Fields have recently found 
evidence that a minority of peripheral glial cells in adult rat 
sciatic nerve sections also contain GFAP immunoreactivity 
using the same antisera as we used here (personal com- 
munication). 

It has been demonstrated that astrocytes of the central 
nervous system maintain their glial filaments when grown in 
tissue culture and show striking, filamentous GFAP 
immunofluorescence on treatment with GFAP antisera’ '. It was 
therefore interesting to see whether enteric glial cells in culture 
also exhibited GFAP immunoreactivity. Explant cultures of the 
myenteric plexus were obtained from the proximal colon of 
7—14-day-old rats as described elsewhere'*. We have suggested 
that one of the cell types in such cultures, identifiable on the 
basis of occurrence, morphology and interaction with other 
cells, may be the enteric glial cells'*. When cultures of the 
plexus, maintained in vitro for 7-10 days, were treated with the 
GFAP antisera, it was found that most of these putative glial 
cells showed bright, filamentous immunofluorescence, very 
similar to that seen in astrocytes in tissue culture (Fig. 2). Other 
flat cells, fibroblast-like in morphology, were unstained, as were 
the neuronal cell bodies and their processes. As with astrocytes 
in culture™, the morphology of the cells showing GFAP 
immunofluorescence was quite varied. Many, however, had 
tapering processes and in most cells part of the cell body 
flattened out, forming often extensive, thin membraneous 
expansions. 

To establish conclusively that the glial cells in the enteric 
plexuses contained GFAP, we compared the distribution of 
GFAP immunofluorescence with that of neurofilament (NF) 





GFAP immunofluorescence in frozen sections of a and b, rat colon, c, dorsal root ganglion, and d, cerebellum. 10 um sections were left 


overnight at 4 °C, then incubated overnight at 4 °C with rabbit anti-human GFAP serum (1 : 1000), followed by goat anti-rabbit IgG conjugated 
to rhodamine (G anti-RIg-Rd) for 30 min at room temperature. They were viewed with a, phase contrast or (b-d), fluorescence optics, using a 
Zeiss Universal microscope. Only the glial cells in the myenteric plexus are labelled in b; the neurones in the plexus and the circular and 
longitudinal muscle are all unlabelled. No immunofiuorescence is seen in any of the dorsal root ganglion cells c while the cerebellum shows typical 
GFAP labelling in processes of Bergmann astrocytes d (a, b, c x300; d x200), The antiserum donated by Drs D. Dahl and A. Bignami has been 
extensively characterized in a number of studies, which have shown that it specifically stains astrocytes both in tissue sections and cultures and 


s . . 8.9,11,13,16 
does not stain other cells in nervous or non-nervous tissues 


. The antisera donated by Dr R. Pruss were prepared from human GFAP as 


described by Drs D. Dahl and A. Bignami”. Extensive testing of these antisera on tissue sections and cultures revealed that the staining properties 
of both antisera are identical to those of the Dahl and Bignami antiserum (R. Pruss, personal communication). 
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immunofiuorescence. The NF antiserum was prepared against 
the 155,000 molecular weight subunit of neurofilament pro- 
tein'*. The distribution of NF immunofluorescence in the rat 
myenteric plexus and sympathetic ganglia is illustrated in Fig. 3. 
In ganglia of the plexus (Fig. 3a) the NF antiserum typically 
revealed the neuronal cell bodies. No fluorescence was present 
in the glial cells surrounding the neurones, so that the NF 
staining pattern was the converse of that seen with the GFAP 
antisera. In the superior cervical ganglion (Fig. 34) the most 
prominent sites of NF immunoreactivity were the axons of 
transversely cut axon bundles. Staining was also seen in the cell 
bodies of most neurones although the intensity varied markedly 
between cells and only a few of them stained as intensely as did 
the axons. All these structures were completely unstained when 
treated with GFAP antisera. Thus, the pattern of NF 
immunofluorescence in both tissues is completely different from 
that of GFAP immunofluorescence, from which we conclude 
that the immunoreactivity observed in these tissues following 
treatment with GFAP antisera resides in glial cells and not in 
neurones. 

GFAP is the major protein of the 100 A filaments found in 
astrocytes; the GFAP-containing filaments are one of five 
different, but related classes of intermediate filaments that can 
be distinguished both by immunological and biochemical 
methods. The others are neurofilaments, found in central and 
peripheral nervous systems, desmin filaments, present in muscle 
cells, keratin filaments in epithelial cells and vimentin filaments, 
the only filament type that has a wide distribution among 
different types of cells'°. GFAP-containing filaments have so far 
been found exclusively in astrocytes of the central nervous 
system and have often been used as a cell-type specific marker 
for astrocytes’ ”'''*. However, our results indicate that under 
appropriate conditions, GFAP can be expressed by glial cells in 
the peripheral nervous system. The enteric glial cells, like 
astrocytes, express GFAP both in situ and in culture. It has 
previously been noted that although the enteric glial cells have 
some of the morphological characteristics of Schwann cells they 
also show notable structural similarities with astrocytes ™*®. Like 
astrocytes, the enteric glial cells carry extensive branching and 
irregular processes which mingle with neuronal processes in a 
dense synaptic neuropil, they possess glycogen granules and 
contain a very large number of glial filaments, arranged in a 





Fig. 2 GFAP immunofluorescence in explant culture from the 
proximal colon of 15-d-old rat. a Represents a phase contrast view 
of the same field as shown in b where fluorescence optics are used 
(see Fig. 1). Cultures were fixed with 5% acetic acid in ethanol at 
-20°C for 10 min, incubated with rabbit anti-human GFAP 
(1: 100) for 30 min at room temperature, followed by G anti-RIg- 
Rd for 30 min at room temperature. Flat cells in the culture are 
stained in a filamentous pattern similar to GFAP staining of 
cultured astrocytes (x640). 
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Fig. 3 Neurofilament immunofluorescence in frozen sections of 
a, rat colon and b, dorsal root ganglion. 104m sections were left 
overnight at 4 °C and then stained overnight with rabbit anti-NF 
(1: 400), followed by G anti-Rig-Rd for 30 min at room tempera- 
ture. They were then viewed with fluorescence optics as described 
in Fig. 1. Three neuronal cell bodies in the myenteric plexus are 
clearly stained with the NF antibodies (a). The gal cells surround- 
ing them, in contrast to Fig. 1 b, are unlabelled. Neuronal labelling 
is seen in both cell bodies and axons in the dorsal root ganglion (b) 
In both a and b there is a clear difference in the pattern of staining 
between the NF antiserum and the GFAP antiserum staining seen 
in Fig. 1 (x430) 


manner similar to that seen in astrocytes. The results described 
in this paper demonstrate that these enteric glial cells are 
different from typical Schwann cells and satellite cells not only in 
structural but also in some biochemical features. More work is 
needed to determine whether these cells shouid be classified as 
modified Schwann or satellite cells, adapted to suit a complex, 
integrative nervous system, or whether they are sufficiently 
different from other peripheral glial cells to warrant considera- 
tion as a separate class of glial cells. 

We would like to thank Professor Geoffrey Burnstock for 
generous provision of materials and laboratory facilities, Drs R. 
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Foundation. 
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Myasthenia gravis (MG) is a disease which occurs as a 
consequence of an autoimmune response directed against the 
nicotinic acetylcholine receptor (AChR) of the myoneural 
junction’. Antisera raised against complex antigens such as 
AChR comprise a mixture of antibodies reactive with various 
determinants on the antigen molecule. The antibodies against 
any single determinant may be of several immunoglobulin clas- 
ses and idiotypes. Antibodies produced by cloned lymphocyte- 
myeloma hybridoma cell lines have provided a way of analysing 
the diverse components making up a polyclonal antiserum* and 
assessing the relative contribution made by each to the overall 
immune reaction in vivo*®. We have applied this technique to 
the investigation of the autoimmune response in MG. We 
demonstrate here that certain monoclonal anti- Torpedo AChR 
antibodies, when injected intravenously into normal rats, induce 
an acute myasthenic syndrome. Thus binding of a single mole- 
cular species of antibody reactive with a single antigenic deter- 
minant can result in all of the manifestations of an autoimmune 
disease. 

Hybridoma cell lines producing anti-AChR antibody were 
obtained and partially characterized as described elsewhere’. 
A Lewis rat (Microbiological Associates) was immunized with 
AChR purified from the electroplax of Torpedo californica. 
Spleen cells from this animal were fused with the mouse 
myeloma cell line P3-X63-Ag8 (provided by Dr C. Milstein). 
Proliferating hybridomas were screened for production of anti- 
AChR antibody by a haemagglutination assay (HA) using sheep 
erythrocytes coated with Torpedo AChR (ref. 8). 

The binding properties of the hybridoma antibodies have 
been partially characterized by assessing changes in HA titre 
when AChR-coated red cells were preincubated with choliner- 
gic ligands. Antibodies from the independently isolated, cloned, 
hybrid cell lines fall into four groups (1) blockable by a- 
bungarotoxin; (2) partially blockable by cholinergic ligands; (3) 
titres increased in the presence of some nicotinic ligands; (4) 
titres unaffected by any cholinergic ligand or by a-bungaro- 
toxin”. The heavy chain class (Table 1) of each antibody was 
determined by radial immunodiffusion with antisera (provided 
by Dr Hervé Bazin)’. Immunoglobulin-enriched culture super- 
natant preparations from each hybridoma and from P3-X63- 
Ag8 were injected intravenously into individual young female 
Lewis rats (Fig. 1). Animals were examined every 12 h. At either 
48 or 72h the animals underwent in vivo measurement of the 
evoked muscle responses of the gastrocnemius muscle to 
repetitive sciatic nerve stimulation and in vitro measurement of 
minature endplate potentials (m.e.p.ps) from the diaphragm””. 
All m.e.p.p. amplitudes were corrected to a resting potential of 
85 mV. Input resistances ranged from 4 to 15 MQ. At48or72h 
tissues were taken for histological study and blood samples were 
obtained for serum antibody titre determination by both HA 
and radioimmunoassay `’. 

Two of six antibodies tested (561 and 73G) produced both the 
clinical and electrophysiological manifestations of myasthenia in 
injected animals (ig. 1, Table 1). Injection of similar amounts 
of antibody (as determined by both antibody titre and immuno- 
globulin concentration) from the other anti-AChR producing 


hybridomas or from the myeloma line alone was ineffective. 
Decrementing evoked muscle responses to repetitive nerve 
stimulation and diminished amplitude of m.e.p.p. correlated 
with clinical disease (Table 1). Of five animals tested with clinical 
signs of myasthenia, four demonstrated decrement of 10% or 
more. None of 10 animals injected with other antibodies or with 
the myeloma protein exhibited decrement. The m.e.p.p. ampli- 
tudes of 6 of 8 animals injected with antibodies 561 or 73G were 
lower than any of the values for the 10 animals injected with the 
other antibodies or myeloma protein. The means of the two 
groups differed significantly [0.55 + 0.02 compared with 0.70+ 
0.02 mV (mean +s.e.m.), P<0.001)". 

Frozen sections of muscle were obtained from several sites. 
Mononuclear cell infiltrates were located selectively in the 
regions of endplates of animals injected with antibodies 56] or 
73G (Fig. 2a). In these areas numerous fibres were undergoing 
necrosis with frank invasion by mononuclear cells. In sections 
stained for cholinesterase activity, many cholinesterase-reactive 
regions were separated from the underlying fibres; the chol- 
inesterase staining was sometimes diffuse and lacked detail (Fig. 
2b). Frequently mononuclear cells were interposed between the 
muscle fibres and the cholinesterase-reactive regions (Fig. 2c). 
Serial sections stained for acid phosphatase demonstrated that 
the infiltrating mononuclear cells were macrophages. No 
histological abnormalities were found in animals injected with 
the other antibodies or the myeloma protein. 

The syndrome produced here by injection of a hybridoma 
supernatant fraction containing monoclonal anti-AChR anti- 
body is indistinguishable from the acute phase of rat experi- 
mental autoimmune myasthenia gravis (EAMG)'* or from the 
disease produced by injection of syngeneic immune serum", 
The fact that preparations from some anti-AChR producing 
clones, and from the myeloma line alone, produced no effects 
Suggests that it is not other factors present in the culture 
supernatants that are responsible for the observed findings. This 
is the first demonstration, to our knowledge, of the production of 





Fig. 1 Rat injected 48h earlier with immunoglobulin-enriched fraction 
from hybridoma 56I. Fractions were prepared from culture supernatants of 
hybridomas grown in Dulbecco's modified Eagle's medium plus 20% heat- 
inactivated fetal bovine serum. Supernatants were concentrated 10-fold by 
pervaporation against powdered sucrose followed by dialysis against phos- 
phate-buffered saline (PBS), pH 7.2. The final product was obtained by 
precipitation in 50% saturated ammonium sulphate, resuspension in PBS to 
~5% of original volume, and dialysis against PBS. A similar faction was 
prepared using supernatants from cultures of the myeloma line P3-X63- 
Ag8. Approximately 1 ml (40-100 mg of protein of 561 and 73G, up to 
250 mg of the other antibodies) of each preparation was injected into normal 
rats. Agar gel electrophoresis followed by densitometric scanning indicated 
that all preparations consisted of 85-90% albumin and 10-15% immuno- 
globulin. Isoelectric focusing of the material (performed by David Mattson) 
revealed 8-12 immunoglobulin bands, 6 of which were those of the myeloma 
protein. Clinical disease had a similar time course in animals receiving either 
of the two myasthenia-inducing antibodies and correlated with dose of 
antibody injected and with serum titre at time of death. Extremity weakness 
was noted 18-24 h after injection; this worsened over the next 24-36 h. In 
more severely affected animals susceptibility to fatigue was such that, after 
one or two steps, the animals lurched to either side. Some showed almost no 
power in flexion or extension of upper extremity digits so that the front paws 
remained cupped. Weight loss in these animals, possibly caused by weakness 
of neck extensors and muscles of mastication, averaged 17 g over the 3-day 
period of observation. Consistently observed were dried porphyrin 
secretions crusting the eyelids, nares, and periorbital fur. Weakness was 
reversed temporarily by intraperitoneal edrophonium chloride. 
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a defined pathological syndrome by an immune reaction medi- 
ated by monoclonal antibody. Since the antibody is monoclonal 
it is presumed to bind to a single determinant on the AChR 
molecule, to express a single set of idiotypic determinants, and 
to be of a single immunoglobulin class. It must have, therefore, a 
single set of effector functions, for example, interaction with 
complement, interaction with macrophages. These characteris- 
tics are sufficient, in the cases of antibodies 561 and 73G, to 
induce myasthenia. 

Data are not yet available to explain the failure of some of the 
anti-AChR antibodies to induce myasthenia. Since the anti- 
bodies were raised against AChR from Torpedo californica 
electroplax, it is most likely that the ineffective antibodies simply 
do not cross-react with rat junctional AChR (preliminary data 
seem to support this explanation). Other possible explanations 
may include a requirement for binding to a particular portion of 
the AChR molecule. 

Mere binding of antibody to AChR is probably not sufficient 
to induce the syndrome. Various studies have suggested 
requirements for cross-linking of AChRs by antibody and for 
complement fixation '**°. Such antibody effector functions are 





Fig. 2 Forelimb extensor muscle specimens from an animal injected 48 h 
earlier with antibody 561. Fresh tissue was quick frozen, sectioned {9-um), 
and stained with haematoxylin and eosin (a), or for cholinesterase activity by 
either a modification of the Karnovsky method” (b) or by a-naphthyl 
acetate esterase”? (c). Some sections were also stained for acid phosphatase 
activity** (not shown). Mononuclear cell invasion, along with presence of 
necrotic fibres, is seen in a region shown, on serial section, to contain many 
end plates (a). Several cholinesterase-reactive regions (arrows) are 
separated from their muscle fibres (b). Direct observation identified these 
regions as cholinesterase-reactive by their distinctive brown gold colour. 
Invasion of cholinesterase-reactive regions (arrows) by mononuclear cells is 
seen along with disintegration of one region (arrow head) identified under 
direct observation by the distinctive dark red colour obtained with this 
technique (c). a, X135, b, c, x90. 


Le a aaa M 
Table 1 Effects of monoclonal anti-AChR antibodies 





Hybridoma 
antibody 

(Class) Amount Serum HA % m.¢.p.p. 

[Specificity Disease injected titre Decrement amplitude 
pattern |* scoret (nmol)t (log, $ at § Hz! (mV) 

56I (IgG2b) 3 4.8 16 20 0.49*" 

[2] 3 3.6 11 (0.12) 26 0.50*" 
2 1.8 ND 10 0.63 

0) 1.0 10 (0.06) incr 0.51% 

73G (IgG2b) 3 3.6 14 (0.08) 13 0:587 
[3] 3 3.6 13 (0.12) incr 0.64 

3 2.4 14 (0.09) ND 0.53"* 

0 0.5 10 (0.05) 3 0.56** 
60D (IgG2a) 0 1.89 17 incr 0.71 
[1] 0 0.29 1] l 0.63 
625 (IgG2a) 0 2.2 16 (0.69) incr 0.65 
[2] 0 2.2 ND incr. 0.64 
57L (IgM) 0 5:3 14 (0.03) | 0.66 
[2] 0 5.1 6 (0.04) incr 0.77 
77F (IgM) 0 2.3 13 (0.12) incr 0.72 
[4] 0 2.3 4 incr 0.81 
P3-X63-Ag8 0 () 0 incr 0.80 
(IgGl) 0 0 0 incr. 0.64 





* Defined by effect of cholinergic ligands on HA titre: 1, blockable by a- 
bungarotoxin; 2, partially blockable by cholinergic ligands; 3, increased titre in 
presence of nicotinic ligands; 4, unaffected by cholinergic ligands. 

t 0, no clinical findings; 1, forelimb weakness; 2, weakness of all extremities and 
abnormal gait; 3, unable to support own weight. 

tAs determined by radioimmunoassay with ‘**!-a-bungarotoxin-labelled 
AChR. 

§ Values in parentheses are results, in nmol mi~ *, by radioimmunoassay. 

|| incr. increment. 

ND, not done. 

€ As determined by radioimmunoassay with “H-AChR (ref. 11), since the 
binding of this antibody is blocked by a-bungarotoxin. 

** P<0.01 when compared with mean of 60D, 62J, 57L, 77F, P3-X63-Ag8. 


primarily determined by heavy chain class or subclass. Both 
myasthenia-inducing antibodies, 561 and 73G, are of subclass 
IgG2b and should, therefore, be capable of diffusing into 
muscle, binding macrophages and fixing complement” ’. 

The observations reported here establish that a single anti- 
body species, in an otherwise normal organism, can lead to a 
severe immunologically mediated disorder. Loss of regulation of 
a single immunocyte clone may be sufficient, therefore, to cause 
an autoimmune syndrome. 

This research was supported in part by grants from the NIH 
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Foundation Inc. 
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Human chorionic gonadotropin (HCG), or an HCG-like 
substance (HCG’), has been reported to be produced more 
widely in human than merely by placental tissue and by certain 
tumours’”’. It has been difficult to detect low levels of HCG in 
the presence of human luteinizing hormone (LH) because the 
two are structurally similar and react similarly in most assays. 
Each is composed of two glycoprotein subunits (œ and £), and 
the major difference between the hormones is an extra 35 amino 
acid residue at the carboxyl terminal of HCG f-subunit’. The 
availability of a radioimmunoassay using antibodies directed 
towards this sequence made possible the distinction of HCG’ 
from LH in extracts of urine from normal postmenopausal 
women and in pooled human pituitaries**. Although the exis- 
tence of HCG’ in either urinary extracts or pituitary fractions has 
been investigated extensively, on the basis of immunological, 
biological and physicochemical characteristics typical of HCG, 
the possibility that some proteases mimic the biological and 
immunological activities of HCG” must be carefully consi- 
dered. We describe here a series of isolation procedures, includ- 
ing a specific immunoaffinity chromatographic step and iso- 
electrofocusing, which not only separate HCG’ from LH but also 
eliminate the effect of protease contamination. Furthermore, 
analyses of our purest HCG’ have revealed that its isoelectric 
points, molecular size and immunological and biological activi- 
ties are similar to those of HCG but distinct from those of LH. 

Peptides corresponding to the carboxyl terminal sequence of 
HCG £B-subunit are denoted here as $12, s30, $35 and t23 (refs 1, 
8, 9). The numbers indicate the number of residues in the 
peptide (counting back from residue 145, the carboxyl terminal 
glutamine); s denotes synthetic and t denotes isolation from a 
tryptic digest of the Q-subunit. A specific radio- 
immunoassay based on an antiserum to s35° was used to 
measure HCG’ in eluents of ion exchange chromatographs. 
Alternative antisera are specified in Figs 1 and 2 legends. Other 
assays used were an in vitro bioassay based on stimulation of 
testosterone production by mouse interstitial cells’? and a 
radioligand receptor assay using rat testis homogenates''. The 
adsorbent for immunoaffinity column chromatography was 
prepared as follows. The y-globulin fraction from a well charac- 
terized antiserum (H114)* raised in rabbits against s30 was 
fractionated on a column of Sepharose 4B which had been 
covalently linked’? to s12. After washing the column with 
0.01 M Na, K-PO, and 0.15 M NaCl, pH 7.4 (PBS), the adsor- 
bed antibodies were eluted with 0.1 M citrate buffer, pH 2.2. 
After dialysis and concentration by ultrafiltration, they were 
coupled’? to Sepharose 4B. This immunoabsorbent preparation 
was able to bind 102 pg of HCG (lot CR119) per mi of gel 
sediment. 

The starting material for purification of HCG’ was the freeze- 
dried follicle-stimglating hormone (FSH)-containing fraction 
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CM-1 which had been isolated by a standard procedure from 
pooled acetone-dried human pituitaries". Specific radio- 
immunoassay revealed that HCG’ was concentrated in this frac- 
tion, from which most of the LH had been removed. Further 
purification of FSH yielded an FSH-free side-fraction (desig- 
nated DE-1) which was unadsorbed on DEAE-cellulose 
chromatography in 0.02 M potassium phosphate buffer at pH 7 
(ref. 13) and which was eightfold more potent in HCG’ than 
fraction CM-1. A small portion of fraction DE-1 (in the above 
phosphate buffer containing 0.2 M NaCl, 0.37 mM CaCl, and 
0.37 mM MnCl) was fractionated on a column of concanavalin 
A-Sepharose. Less than 5% of immunoactive HCG’ was unad- 
sorbed. The bulk of the recoverable HCG’ was apparently 
glycosylated as it could be eluted with 1 M a-methyl-D-gluco- 
pyranoside. Chromatography of DE-1 on Sephadex G-100 
yielded a fraction (Seph-2B) in which HCG'-specific 
immunoactivity was increased a further twofold to a potency 1% 
as active as highly purified HCG (lot CR119). The peak elution 
volume of the immunoactivity suggested a molecular size larger 
than that of LH and similar to that of HCG. Fraction Seph-2B 
was obtained in a yield of about 1.6 mg per 1,000 pituitaries. 

Immunoaffinity chromatography was used for further 
purification of HCG’. Fraction Seph-2B (1.5 mg) was applied to 
a column (0.9x10cm) of Sepharose 4B linked to purified 
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Fig. 1 Isoelectric focusing of fraction Aff-2. This was carried out 
with cylindrical gels in 6-mm i.d. Pyrex tubes `”. Carrier ampholytes 
with pi ranges 2—4 (Accurate 42902) and 4-6 (LKB 1809-116) 
were each diluted to 4% (w/v) in 0.04M _ L-histidine buffer, 
pH 7.74. Equal volumes were mixed to make a stock ampholyte 
solution. Polymerization mixture (2.35 ml per tube) contained 1% 
ampholytes, 5% acrylamide and 15% N,N’-diallyltartardiamide. 
Polymerization was started by addition of 0.015% (w/v) K,S8.Oxg, 
5x10°“% (w/v) riboflavin and 0.05% (v/v) N,N,N',N'-tetra- 
methylethylenediamine. The catholyte was 0.1M 1-histidine, 
pH 7.74, and the anolyte was 0.1 M formic acid, pH 2.29. HCG 
(CR119), 5.45 ug, (a) and pituitary fraction Aff-2, whose 
immunoactivity approximated to 10 pg of HCG-CR119 (b), were 
each dissolved in 100 ul of 30% sucrose and applied to the gel. The 
electrofocusing was carried out at 200 V for 18 h. The pH gradient 
along the gels was measured by an automated procedure’. Gels 
were sectioned into 1-mm slices which were each extracted at 4 °C 
with 1 mi 0.05M. phosphate buffer, pH 7.4, containing 0.1% 
bovine serum albumin (BSA). Each extract was radio- 
immunoassayed using anti-HCG serum H80' (@—@), and major 
peaks were also bioassayed by measuring testosterone production 
in vitro. 
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Fig.2 Gel chromatography on Sephacryl $200 of material in the 
‘pooled major peak slices of Fig. 1b. A column of Sephacryl $200 
(0.9 x 200 cm) was equilibrated with 0.05 M NH,HCO,, pH 7.8, 
containing 0:1% BSA. Slices numbered 28-52 were pooled and 
extracted {as in Fig. 1 legend). The extract was desalted on a 
column of Sephadex G-25 (equilibrated with the above buffer) and 
freeze-dried. This material, plus a trace of '*°I-iodo-HCG, was 

-dissolved in 2 ml of the buffer and applied to the Sephacryl column. 
The flow rate was 15 ml h7'; 2-ml fractions were collected. These 
were tested by radioimmunoassays using anti- HCG serum H80' 
(@—@) and anti-t23 serum H93° (O—O), as well as by a radio- 
ligand receptor assay (A—A) using rat testis homogenate’. 
The elution of '**I-iodo- HCG was monitored by its radio- 
activity ((]- - -0). The total column volume is indicated by V,. 


antibodies to s30 and equilibrated with the PBS buffer. The 
column was washed thoroughly with buffer and water, and 
adsorbed material (fraction Aff-2) was eluted with 1 MNH,OH, 
neutralized with 1M acetic acid and freeze-dried. This 
immunoaffinity procedure permits the separation of HCG’ from 
LH and other substances by binding HCG’ to the purified 
immunoabsorbent specific to the unique carboxyl terminal 
peptide of HCG @-subunit. Furthermore, this step should, we 
believe, eliminate possible pitfalls arising from contaminant 
proteases which have been reported to simulate HCG activities 
measuring displacement of '**I-iodo-HCG, stimulation of 
steroid „production or augmentation of adenylate cyclase 
activity“ 

To ascertain whether Aff-2 has physicochemical and 
immunological characteristics peculiar to HCG and biological 
activities typical of HCG, the following investigations were 
carried out. Fraction Aff-2 and purified HCG (batch CR119) 
were compared in isoelectrofocusing experiments (Fig. 1). Aff-2 
contained components within the pI’ range 4.4-5.1 (Fig. 15), 
which is similar to the range for HCG as found by us (Fig. 1a) 
and by others’*. This is further evidence that human pituitaries 
contain an HCG-like substance. When immunoreactive peaks 
were tested by the in vitro bioassay’®, all were active in propor- 
tion to their immunoactivity. Using a single HCG (CR119) 
standard we obtained ratios of biological to immunological 
activities ranging from 0.3 to 0.6. The same range of ratios was 
obtained for HCG (CR119) in a parallel experiment. Reported 
pl’ values for LH are between pH 7 and 9 (ref. 5). The nature of 
the higher pI’ component which appears in both patterns is not 
known, it was not always detected in separate experiments 
_ carried out in the same conditions. If HCG’ is a precursor of LH* 
it is possible that the latter is formed during our experimental 
procedures and that it appears as the higher pl’ component in 
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Kahore heterogeneity of a may a account as that 
of HCG’. 

To establish whether the acidic components of Aff-2 after 
electrofocusing had a molecular size similar to that of HCG, the 
acidic fractions (pI 4.4-5.1; Fig, 15) were poo led, desalted, 
freeze-dried, mixed with a trace amount of '**I-iodo-HCG and 
chromatographed on Sephacryl $200. Chromatogram patterns 
were revealed by means of two radioimmunoassays and a 
radioligand receptor assay for HCG ( ig. 2). Each pattern 
contained a major peak, comprising ° 79%. of total activity 
recovered, and the three peak maxima sponding to frac- 
7 vith the maximum for 
radioiodinated HCG. Thus, most of the recovered HCG’ with pl’ 
4.4-5.1 not only exhibited biological activity but also had a 
molecular size similar to that of intact HCG. 

In conclusion, we have demonstrated that the substance 
purified from human pituitaries by $ -phadex G-100 gel filtra- 
tion followed by immunoaffinity chromatography using purified 
antibodies specific to the unique carboxyl terminal peptide of 
the HCG B-subunit, possesses pl’ values within the same range 
as HCG and that the respective acidic components are biolo- 
gically active in stimulating mouse interstitial cells to produce 
testosterone. The majority of these acidic components have the 
molecular size of HCG as revealed by gel chromatography. 
These data provide further evidence that an HCG-like 
substance is present in human pituitary extracts which differs 
from LH in its physicochemical and immunological charac- 
teristics. Furthermore, the HCG- like substance found in urinary 
extracts of postmenopausal women“ and a patient with Kline- 
felter’s syndrome’ could originate from the pituitary. Our data 
also suggest that pituitary HCG’ is glycosylated and thus is 
different from the non- glycosylated HCG-like substance repor- 
ted in very low concentrations in many normal tissues™! $, 
However, there was no indication that the gonadotropic activity 
detected in the latter case was not due to proteases. Although it 
is possible that pituitaries of pregnant women or patients with 
neoplasm containing HCG or HCG’ accidentally contaminate 












‘the pool of pituitary collection, the detection. of HCG’ in pitui- 


tary glands and in urinary concentrates**. all from post- 
menopausal women thought not to secrete HCG, provides 
strong support that the normal pituitary gland contains HCG’. 
Larger quantities of highly purified pituitary HCG' will be 
required to determine whether it is identical to placental HCG 
or whether it is an immunologically related substance, possibly a 
precursor of LH* (which is known to have some sequence 
differences in its B-subunit when compared with the same 
portion of HCG'*). - 
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Does the C-terminal 
tetrapeptide of gastrin 
and CCK exist as an entity? 


IT was reported by Rehfeld et a/.' that the 
COOH-terminal tetrapeptide (Trp-Met- 
Asp-Phe-NH2, abbreviated to G4 or 
CCK4), which is common to gastrin and 
cholecystokinin (CCK), exists in free form 
in pancreatic nerves, and may control islet 
hormone release. This report extends 
previous studies from the same group in 
which G4 was said to occur in pyloric 
antral mucosa in concentrations up to 
twice those of heptadecapeptide gastrin 
(G17), and in intestine and brain in 
concentrations considerably higher than 
those of the 33-residue form of CCK 
(CCK33) or its COOH-terminal 
octapeptide (CCK8). In these studies, 
particular importance was attached to the 
observation that after gel filtration of 
tissue extracts, a peak of material eluted in 
the position of G4 and reacted in 
radioimmunoassays using antisera specific 
for the COOH-terminus of gastrin and 
CCK. However, recent studies in our 
laboratory cast doubt on the inter- 
pretation of these data, and suggest 
instead that free G4 does not exist in 
significant amounts in pancreas or gut. 
We have raised a rabbit antiserum to 
G4 conjugated through its NH>-terminal 
amino group to thyroglobulin by glu- 
taraldehyde. When used in radioim- 
munoassays with an '*°I-CCK8 label, this 
antiserum reacts almost equally with G4, 
G17 and CCK8, and can detect 10-20 
pmol 1”! of G4. This system offers a clear 
advantage for the estimation of G4 over 
the one used by Rehfeld et al., because in 
the latter system G4 has a 30-fold lower 
immunochemical potency than CCK8 and 
CCK33. To estimate the true molar 
concentration of G4, it was, in effect, 
necessary for Rehfeld ef a/. to multiply the 
peak of activity eluting in the position of 
G4 by 30 compared with the other peaks. 
There is an obvious disadvantage in this 
method, for errors are also greatly 
magnified. Such a correction is unneces- 
sary, of course, when G4, CCK8 and G17 
and the other principal forms of CCK and 
gastrin have equal immunoreactivity. We 
have found that when hog pancreas is 
extracted according to the method of 
Rehfeld et al., the total concentration of 
immunoreactivity measured with the G4 
antiserum was 3.5+0.8pmol per g 
(mean, +5.e., n = 4; G4 standard). Closely 
similar estimates (2.1+0.4 pmol per g) 
were obtained with a second radioim- 
munoassay system using an antibody 
(L48, CCK8 standard) that, like Reh- 
feld’s, reacts about 50 times less well with 
G4 than with CCK8. Fractionation on 
Sephadex G-50 indicated that over 80% 
of immunoreactivity in the extracts had 
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the properties of CCK8. These data 
indicate that G4 cannot occur in more 
than trace amounts in pancreas. However, 
when synthetic G4 was added to the tissue 
early in the extraction procedure in 
amounts comparable to those reported by 
Rehfeld er al, the peptide was recovered 
ina yield of 73 +6% . In parallel studies we 
have also failed to confirm the presence of 
G4 in hog, rat or human antral mucosal 
extracts, which according to Rehfeld er al. 
contain G4 at about iS nmol per g; 
instead, we have consistently found a 
major peak of immunoreactivity cor- 
responding to G17, confirming numerous 
previous studies. 

We conclude from our work that free 
G4 does not occur in significant amounts 
in pancreas or gut. The high concen- 
trations of G4 reported by Rehfeld et al. 
reflect the fact that a minor component of 
gastrin-CCK immunoreactivity is inter- 
preted as G4 and estimates of its molar 
concentration corrected to allow for the 
low potency of G4 in the assay system. 
This correction might conceivably be 
justified if G4 was proven to exist 
naturally by isolation and full chemical 
characterization; this has not been the 
case. Until the material described by 
Rehfeld ef al. in pancreas and elsewhere is 
isolated and characterized, its true 
concentration in these tissues cannot be 
determined. The issues raised here serve 
to emphasize the very great caution that 
needs to be exercised in identifying and 
determining substances by gel filtration 
and radioimmunoassay, when the 
material in question has not been isolated. 


G. J, DOCKRAY 
R. A. GREGORY 
Department of Physiology, 
University of Liverpool, 
Brownlow Hill, 
PO Box 147, 
Liverpool L69 3BX, UK 
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~REHFELD ETAL. REPLY—First, we note | 


that the total CCK immunoreactivity in 
pancreatic extracts measured by the G4 
antiserum, 3.5 pmol per g, is of the same 
order of magnitude as that reported by us’ 
(6.8 pmol equiv. CCK8 per g). It is inter- 
esting also that the L48 antiserum, which 
reacts less well with G4, measures lower 
concentrations (2.1 pmol per g) than the 
G4 antiserum, suggesting that G/CCK4 is 
indeed present in the pancreas. 

Second, Dockray has previously repor- 
ted? that the mammalian brain contains 
significant amounts of a third 
immunoreactive component (BP HI} with 
a size corresponding to G/CCK4 or 
G/CCK6. He measured this BP HI peak 
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by four different C-terminal specific 
antisera (including our ab. 2716). Using 
CCK8 as standard, the BP III peak 
constituted 12% of the CCK8-like peak in 
hog, 31% in dog and 18% in rat cerebral 
cortex (Table 2 in ref. 2). The BP IH peak 
should be easily measurable by the new 
G4 antiserum. We are surprised that 


_Dockray has not discussed these earlier 


results in the light of his new assay 
findings. 

Third, we can only speculate on the 
reason for the discrepancy between our 
data (supported by Dockray’s earlier 
data’) and those of Dockray and Gregory. 
(1) Microheterogeneity of the natural 
tetrapeptide (in analogy with the micro- 
heterogeneity of CCK octapeptide’) 
might explain** the failure of the new 
assay to measure G/CCK4-like material. 
(2) Several samples of synthetic G4 
received by us from other laboratories 
have been found to be grossly impure, and 
even the purest contain minor impuri- 
ties—might the new G4 antiserum of 
Dockray and Gregory have specificity for 
these impurities? (3) In the raising of 
antibodies, we question the use of G4 
conjugates prepared by means of glu- 
taraldehyde. The presence in G4 of N- 
terminal Trp complicates the normal 
reaction with aldehydes, and we would 
anticipate that conjugation would be 
through a carboline rather than the 
terminal amino group. If this is so, the 
specificity of antibodies raised to such 
conjugates might be abnormal. 

_ In conclusion, we consider the evidence 

to be in favour of the presence of a tetra- 
peptide in brain, gut and pancreas, but 
final confirmation must come from iso- 
lation and sequence work. 
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Bias in Mental Testing. By Arthur R. 
Jensen. Pp.800. (Methuen: London/Free 
Press: New York, 1980.) £15, $29.95. 


CONSPIRACY theory ranks high in 
popularity among theories of psycho- 
logical testing. According to this view, 
psychometricians, whether wittingly or 
not, have succeeded in constructing devices 
which systematically and unwarrantably 
discriminate against non-whites, lower 
social classes and possibly females. There is 
a popular belief that intelligence (mental 
ability, scholastic aptitude, mental 
maturity and so On) tests are constructed 
using scholastic achievement in a white 
middle-class educational system as a 
criterion and that devious means are 
adopted to force scores to a normal 
distribution. Accordingly, such tests are 
inappropriate for non-whites, for 
working, rather than middle-class, 
individuals and so on. The appropriate 
action is therefore either not to use them at 
all or to correct the inherent bias by using 
lower cut-off scores for, or adding a 
constant to the scores of, the 
disadvantaged groups. 

Added impetus to the propagation of 
this point of view has come in the aftermath 
of the Burt affair, and phrases such as “‘the 
IQ myth’’ and ‘‘the new assault on 
equality’’ have gained currency. One of the 
few topics on which most psychologists 
(and not only psychologists) seem to feel 
entitled to pronounce is the validity or 
otherwise of so-called IQ tests. Sadly, such 
pronouncements do not always benefit 
from the technical competence and sense of 
history which make for an informed 
judgement. There is a notion abroad that 
what tests measure and how fairly they 
discriminate can be determined by 
inspection, the implication being that 
psychometricians are peculiarly insensitive 
to what is patently obvious or deliberately, 
and for the worst of motives, disingenuous 
in the pursuit of their craft. 

The whole question of inherent bias in 
mental tests has been brought to a new 
crisis point by a series of court judgements 
which have handed down verdicts as to 
whether or not particular tests are biased. 
The notorious 15 IQ points difference 
between mean scores of blacks and whites 
in the USA gives the topic social, moral and 
political importance. If this difference is 
the result of test bias, then something ought 
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Arthur Jensen, ‘‘scholarly and dispassionate” 


to be done about the tests. If, on the other 
hand, the tests merely reflect a true 
difference, however caused, then no 
amount of advanced psychometrics will 
Save an unhappy state of affairs. 

Jensen’s description of how, as a 
student, he ‘‘came to believe that nearly all 
standard IQ tests were grossly biased 
against virtually everyone but the white 
middle class’’ is an unexpected entrée to a 
book which amasses an overwhelming 
weight of evidence to the contrary. He then 
proceeds to spend nearly half the book 
developing the statistical and metho- 
dological basis for an examination of test 
bias. There is implicit in his treatment of 
classical test theory a criticism of the 
standard of public debate on test bias. Too 
many psychologists are either ignorant of, 
Or dismiss as statistical conjuring tricks, 
elementary procedures such as correcting 
correlation coefficients for restriction of 
range or for attenuation by unreliability, or 
regard predictive validity coefficient of the 
usual magnitude (0.3 to 0.5) as hopelessly 
small and indicative of little utility. On the 
assumption that all interested parties were 
thoroughly acquainted with basic psycho- 








metrics, the book could have been half its 
actual length. 

On the question of bias itself, Jensen is 
remarkably up to date with the current 
State of theory and practice. The distinc- 
tion between bias (a statistical concept and 
a matter of fact) and unfairness (which 
involves a value judgement) is well made. 
and the fact that different definitions of 
fairness conflict when made operational in 
terms of the practical use of tests is driven 
home. The kernel of Jensen’s thesis is to be 
found in Chapters 10 and 11, in which the 
empirical evidence of test bias (1) in 
predicting occupational and educational 
success and (2) in the internal structure of 
tests, is reviewed. Much of this material is 
counter-intuitive. It is not the case that for 
a given test score blacks perform better at 
work or at school. On the contrary, using 
prediction equations based on white 
groups may disadvantage the whites, in 
that blacks have to do as well or better on 
the tests to do as well on the task. Nor does 
the notion that verbal tests yield lowe: 
scores for blacks than do non-verbal tests, 
stand up to scrutiny. Finally, there is no 
evidence from the internal structure of tests 
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that they are measuring something 
different in the different racial and social. 


groups. 
in short, Jensen provides methods for 
detecting bias, collates a large amount of 
empirical evidence and justly concludes 
that there is no substantial, replicable 
evidence of inherent bias in commonly 
used tests where native-born English 
speakers are concerned. He also disposes 
of several widespread myths about tests, 
such as the so-called Pygmalion (teacher 
expectancy) effect. There is a willingness 
evident in the psychological community to 
accept criticisms of psychometric 
techniques on blatantly ad hoc grounds, 
and a supreme unwillingness to pay 
attention to the large body of empirical 
evidence which supports the utility of tests, 
in particular in cutting across social and 
ethnic groupings and revealing talent 
where it is least expected (which, after all, was 
the original reason for their introduction). 

Jensen has neither time nor patience for 
the overuse and misuse of tests, however. 
His last chapter is an indictment of 
malpractice which ought to be required 
reading for all those who actually enjoy 
using tests or like to treat IQ as the criterion 
of personal worth par excellence. 

Undoubtedly many will feel that by 
restricting himself to a rather technical 
brief Jensen is missing the point. The 
abstractness for which test constructors 
often strive, they may point out, is itself a 
cultural variable, highly prized and 
cultivated in the white middle-class. The 
format of tests reinforces certain values 
(accuracy at speed, seeking to generalize, 
solution of problems in the abstract rather 
than the concrete) which may be dominant 
in white middle-class culture. 

There follow from this two questions. Is 
it the case that the kinds of abstract 
reasoning abilities implicated in, say, 
Spearman’s view of intelligence can be 
consistently assessed? Is it the case that an 
individual’s capacity to deal effectively 
with his world depends on such skills? If 
the answer to the first is affirmative, as 
Jensen claims and by and large 
demonstrates, the answer to the second is 
by no means an obvious yes. Wechsler has 
defined intelligence as ‘‘the capacity of an 
individual to understand the world about 
him and his resourcefulness to cope with its 
challenges’’. Such a view clearly involves 
the nature of the world in which an 
individual exists, and non-intellective 
characteristics of the individual as 
important elements in the determination of 
intelligence. 

Now, tests constructed in line with the 
views of both Spearman and Wechsler 
intercorrelate highly. This is hardly 
surprising, given the importance placed in 
Western society on intellectual skills, for 
we live in a society where some social 
security forms demand a higher level of 
reading skill than the Times. But the 
distinction needs te be maintained, not 
least because whilst a given level of 
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intelligence in Spearman’s terms may imply 


capacity to cope with the business of living, 
the reverse need not be true. One wonders 
whether the high value placed on 
intelligence in our society is a universal 
feature, not so much in remote tribes as in 
ancient Egypt and Rome, or to choose a 
more immediate instance, in China during 
the cultural revolution. That is to say, 
could we choose to organize our society so 
that differences in intelligence are 
unimportant, and if so would that kind of 
society be successful, stable and desirable? 

If, as Jensen shows, the accusation of 
test bias is unfounded, then the truth of the 
matter is that differences in achievement 
reflect the extent to which society demands 
the abilities assessed by the tests. Whether 
these demands are proper, necessary and 
fair is entirely open to question, but 
fiddling test scores to make racial 
differences vanish 1s as unworthy as the 
exaltation of IQ as the sole criterion of 
personal worth. It neither promotes the 
interests of those in sympathy with whom it 
is done nor protects them against the 
failure it makes more likely. It makes as 
much sense as subtracting 8 IQ points from 
the scores of myopics, on the grounds that 
this is the mean difference between 
myopics and non-myopics, and clearly 
myopics are advantaged in that their 
condition makes them read more books 
and play less football. 

There is a widespread notion that since 


tests necessarily involve specific tasks, IQ is- 


merely a matter of specific learned skills of 
a particular kind. Yet such evidence as 
there is suggests that coaching in specific 
skills has little transfer value. The point of 
intelligence testing is not whether an 
individual can solve problems having a 
certain logical structure, but whether he 
can identify the logical structure and find 
strategies to solve them. Many tasks can be 
made easier by making their structure more 
patent and immediately concrete: much of 
the recent work critical of Piaget has 
adopted this approach. Such studies point 
to ways of bringing a wider range of 
performances within the capacity of the 
individual, and have immediate relevance 
to education and training. Their relevance 
to the study of intelligence, seen as a high- 
level ability to detect the structure of 
problems and organize lower-level 
strategies towards a solution, is however 
seriously in doubt. 

This book is informative, refreshing and 
a valuable contribution to the literature; its 
worth as a compendium can hardly be 
overrated, and it may well find a role as a 
textbook of psychometrics for the clarity 
of its exposition of classical test theory. Its 
scholarly and dispassionate tone will come 
as a surprise to those who know of Jensen 
only as a leading figure in anti-test 
demonology, however out of sympathy 
they may be with its content. 
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SINCE the 1920s, the development of 
astrophysics has been closely associated 
with advances in nuclear physics which 
have led to our current understanding of 
stellar energy sources, stellar evolution, 
nucleosynthesis and nuclear cosmochro- 
nology, and to continuing attempts to under- 
stand the distribution of the chemical 
elements in the light of ideas about cosmo- 
logy and the evolution of galaxies. 

These topics are engagingly presented by 
two well-known French astronomers in this 
book, which is written at a level suited to 
first-year undergraduates, but will also be 
appreciated by graduate students and 
others desiring an up-to-date introduc- 
tion to the subject. Succinct descriptions of 
the basic interactions of physics and of the 
observable Universe are followed by 
outlines of big-bang cosmology, stellar 
evolution and the abundances of the 
elements in the Solar System, stars and 
cosmic rays. The remainder of the book 
gives somewhat more detailed accounts of 
specific theoretical topics: nuclear 
reactions and the various nucleosynthesis 
processes currently considered significant, 
Solar System and galactic nuclear time- 
scales and the chemical evolution of 
galaxies. A brief concluding chapter 
sketches historical developments and a few 
outstanding problems. 

By far the strongest feature of this book 
is the nuclear physics, which is carefully 
and clearly described at the appropriate 
level. Other aspects are more sketchily 
treated. This does not matter too much for 
the observational part, which is adequate 
as a background to the theory apart from 
occasional minor infelicities such as a 
reference to quasars as having ‘‘the same 
optical properties as the stars’’. A more 
serious gap is the lack of acoherent account 
of the non-nuclear aspects of stellar 
structure and evolution, which makes it 
difficult for the reader to envisage the 
context in which the nuclear reactions 
operate. The chapter on nuclear 
chronologies and the origin of the Solar 
System is especially good, but the one on 
chemical evolution of galaxies shows signs 
of over-hasty preparation and proof- 
reading —- some equations (including one 
credited to myself!) are either nonsensical 
as written or inconsistent with the 
accompanying text; inconsistent and 
undefined symbols also occur. (There are 
also a few minor errors of fact here: the 
abundance ratio N/O is not as high in the 
Magellanic Clouds as in the solar 
neighbourhood and the simple model of 
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galactic chemical evolution does not 
predict that we should see stars with 
literally zero metal abundance.) The 
English is generally adequate, though 
noticeably less than perfect. Finally, 
prospective purchasers should be warned 
that I have come across a copy (not my 
review copy) that is misbound, with several 
pages in the wrong order. 

In short, a curate’s egg of a book in 
which the largely excellent intentions of the 


anhon havé been frustrated by 
insufficient attention to detail at different 
stages of production. The broad sweep of 
the subject is well presented, though, the 
illustrations are good and a useful set of 
references is given, so that on balance this i is 
a welcome and useful book. s 





Bernard Pagel is a Deputy Chief Scientific 
Officer at the Royal Greenwich Observatory 
and Visiting Professor of Astronomy at the 
University of Sussex. 
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(Longman: London/Academic: 
York, 1979.) £25, $49.50. 


New 





WHEN THE first edition of this book was 
reviewed in Nature (182, 969-970; 1958) it 
was described as ‘“‘one of the finest books 
that has: appeared on the topic of 
enzymes’’. Two editions and 22 years later 
this is still true; there have been other 
excellent books on enzymes, but none with 
the breadth of this one. Despite the long 
period since the second edition appeared in 
1963, the new edition resembles its 
predecessors surprisingly closely and has 
essentially the same organization of 
material. The authors have included an 
astonishing amount of useful information 
in what is still a single volume. This is 
especially remarkable in view of the 
amount of space they have devoted, 
mistakenly in my view, to the Enzyme 
Commission’s classification system for 
enzymes. More than 300 pages are given 
over to a description of its principles and a 
virtually complete list of known enzymes. 


-Surely a better use could have been found 


for this space. 
Another section of questionable 
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Longman Dictionary of Scientific Usage. 
By A. Godman and E.M.F. Payne. 
Pp.684. (Longman: 1980.) Flexi £4.35, 
$14.95, 





FOR THE casual user of a scientific 
dictionary — someone who needs to look 
up the meaning or spelling of a word from 
time to time — this is not the book to buy. 
To find the meaning of a word in this 
dictionary you have first to read the 
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usefulness, one that must surely have 
added substantially to the price of the 
book, is the “Atlas” of crystalline 
enzymes, which consists of 25 pages of 
reproductions of photomicrographs. As 
this is now relegated to close to the back of 
the book it would seem that-the authors 
recognize that readers no longer gasp in 
wonderment at the knowledge that 
enzymes can be crystallized. 

In other respects the authors have 
displayed an admirable sense of what is 
worth including and what is not. The early 
chapters are concerned with practical 
matters and include much useful advice 
without becoming enmired in experimental 
detail of no general interest. The discussion 
of steady-state enzyme kinetics is especially 
good and almost justifies purchase of the 
book by itself. Rather oddly, it is not all in 
one place but is divided between Chapters 4 
and 8, which account for about a quarter of 
the book. Obviously there are some points 
of detail where one might quarrel with the 
treatment, but in general it is balanced and 
thorough. These two chapters also contain 
an account of transient-state kinetics, but 
one senses that this is not a major interest 
of the authors. The other chapters, con- 
cerned with specificity, mechanisms, 
cofactors, protein structure, protein 
biosynthesis and enzyme biology, are also 
of a high standard. Of these, protein 
biosynthesis is perhaps one topic that 
might have been omitted, not because of 
any lack of importance, but because it has 


instructions, then you have to look in the 
index for a two-letter set code that will 
identify the field of science of the word and 
for a three-figure number to find the 
position of the word in the set. Memorizing 
both the set code and the number, you then 


- Search the body of the book for the 


appropriate set. The alleged advantage of 
this cumbersome system is that the book is 
designed specifically for the non-native 
speaker of English who will benefit from 
the thesaurus-like arrangement in which 
terms that are “‘closely related in meaning 
or subject area” are grouped together. 
Even if foreign learners have more patience 
and perseverance than native speakers, this 
system has its dangers. If you look up free 
electron in this dictionary you- will be 
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developed into a subject rather separate 
from general enzymology and | doubt 
whether its devotees will look for an 
account of it in a book about enzymes. 
Finally, a word about production. I was 
pleased to be sent a copy of the American 
edition for review, as this is soberly and 
robustly bound. Ey contrast, the British 
publishers should be ashamed of their 
covers, Which are not only ugly but are also 
far too ey fora book of 1100 pages. © 








Athei Cornish-Bo widen is a Lecturer in 
Biochemistry at the Üniversity of Birmingham. 





directed from ae kydex to the section on 
radio terms (code MM). There you will be 
told that it is ‘tan electron ina crystal which 
[sic] is free to move under the influence of 
an electric field’’. The user, if he relies an 
this dictionary, wil never know that free 
electrons also exist in gases. This example 
highlights the hazards of this kind of 
coding. 

In general, though, the definitions 
appear to be clear and accurate, and there 
are plenty of useful collocations and cross- 
references to help the foreign learner (once 
he has mastered the meaning of the cross- 
referencing arrows pointing East, North 
and South). It is such a shame that most 
compilers of dictio: aaties for non-native 
speakers feel obliged to clutter their books 
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with redundant information (the new 
Chambers Universal Learners’ Dictionary 
is a notable exception). Will a foreign 
scientist or student really be helped by 
seeing An or H against a word? Even if he 
looks in the front matter, where he will 
learn that the former denotes a non- 
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gradable antonym and the latter a 
hyponym, will hebe any the wiser? If I were 
a foreign scientist I would want a 
dictionary that tells me what I. want to 
know simply, by having the information 
available in its alphabetical place. I am not 
sure that I would want to be confused with 
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coded answers to questions that I am never 


likely toask.Hyponymindeed! [© 
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Alan Isaacs, a former teacher of scenic 
English to foreign students, is editor of the 
Penguin Dictionary of Science and Longman’s 
New Dictionary of Physics, and science editor of 
Collins English Dictionary. 
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MANY fungi harbour ribonucleoprotein 
particles consisting of a spherical or 
polyhedral capsid-like structure 35 + 10 nm 
in diameter, containing one or more 
molecules of double-stranded RNA. The 
particles are rather reminiscent of reovirus. 

They are a remarkable group of objects. 
In the first place, it appears to be quite 
impossible to infect any fungus with them. 
The lengths to which numbers of 
mycovirologists have gone to demonstrate 
this rather fundamental property of a virus 


have been extraordinary, both for the man- — 


hours spent and the total lack of success. 
Secondly, without exception, they are 
symptomless. Of course itis rather difficult 
to connect the symptoms of a disease witha 
virus if one cannot infect the host with it; 


and the energetically-researched ‘‘La 
France disease’ of cultivated mushrooms 
may indeed be caused by the two or more 
‘viruses’ associated with it. On the other 
hand, of course, the disease may cause the 
viruses, ‘Virus’ is often found, apparently, 
in healthy mushrooms. 

Not all of the dsRNAs of fungi are 
without phenotypic effects. 
Cytoplasmically inherited dsRNAs 
produce the ‘killer’ toxins of many species 
of yeast and of the smut fungus, Ustilago 
maydis. They also apparently cause the 
fascinating non-pathogenic variant of 
Endothia parasitica. This blight has 
deprived two generations of Americans of 
their native chestnuts for the Thanksgiving 
stuffing. The hypovirulence of the variant 
is invasive and suppressive, and can be used 
not only to limit the spread of the cankers 
caused by virulent strains on Castanea but 
actually to depress the virulence of the 
pathogen itself. 

Cryptic or not, these RNP particles of 
fungi are curiosities. They are extremely 
widespread, occurring in all major groups 
of fungus including water moulds. They 
form a strikingly homogeneous group of 
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THE genetics of the Jewish people have 
received a great deal of attention over the 
past few years. This is primarily due to the 
virtually unequalled opportunity created 
by the population dynamics of the state of 
Israel. Previously isolated groups of Jews 
have been immigrating to Israel, where 
they continue a certain degree of in- 
breeding and are beginning to outbreed 
with other Jewish groups. Driven by the 
tradition of Israeli research on human 
genetics, particularly under the leadership 
of the late Drs E. Goldschmidt and C. 
Sheba, a new and large generation of 
human geneticists has been quick to take 
advantage of this temporary opportunity. 

Three recent publications summarizing 
these data as well as studies done outside 
Israel have been The Genetics of the Jews 
by A.E. Mourant, A.C. Kopec and 
K. Domaniewska-Sobczak (Clarendon: 


1978), Genetic Diseases Among Ashkenazi 
Jews edited by R.M. Goodman and A.G. 
Motulsky (Raven: 1979) and the book 
reviewed here. The first of these is 
primarily a tabular accumulation of gene 
frequencies in various Jewish groups and 
contains much useful data, while the 
second represents the proceedings of a 
symposium with many excellent reviews. 
This present book is a tour de force 
which pulls together a mass of reports and 
develops a comprehensive description of 
the status of these studies. One could argue 
with some details such as interpretations of 
ancient history and the inclusion of a 
number of genetic diseases found in Jews 
with ‘‘ Jewish genetic diseases’’, and there 
are occasional lapses in clarity. None of 
these criticisms should detract from the 
fact that this is a major and useful book for 
all human geneticists as well as students of 
Judaism. This is a field which is applicable 
to genetic centres wherever Jewish patients 
may appear and which is certain to grow 
over the next 20 years. The book also 
provides a general model for genetic studies 
in populations, and is therefore recom- 
mended for a wide audience. G 


T 
Kurt Hirschhorn is Professor and Chairman of 
the Department of Pediatrics at Mount Sinai 
Medical Center, New York. 


organelles. Homogeneity, universality and 
non-infectionness suggest a very ancient 
common origin, but how have they been 
maintained? Is it possible for a non- 
essential, wholly cryptic self-replicating 
particle to survive in such a specialized 
environment without the means of 
spreading by infection? The killer (M) 
dsRNA of yeast depends ‘for its 
maintenance on 30 nuclear genes: one 
mutation and it’s gone. How doés it 


survive? The L-dsRNA has not been found 


to depend on any nuclear genes. Why not? 
Do the dsRNAs do something useful, or is 
the killer/immunity property a self- 
selecting mechanism? If so, do all fungi 
possess it? 

Although neither ‘answers to these 
questions nor, indeed, the questions, are to 
be found in this book, there are two clear 
and succinct reviews of the genetics and 
molecular biology of the RNP particles of 
yeast, Ustilago and Endothia. There are 
also excellent accounts, sometimes 
commendably brief, of an assortment of 
non-RNP particles, DNA plasmids, 
bacterial or rickettsia-like structures and 
even a couple of cytoplasmically-inherited 
conditions with no particle to call their own 
(senescence in Podospora and meiotic 
failure in Coprinus). For the rest, there are 
detailed, rather self-indulgent articles 
cataloguing biophysical and ultra- 
structural studies of RNPs, speculations 
about their life-histories, a methods paper 
without protocols, many more or less in- 
distinguishable electron micrographs 
and many a discussion about what these 
RNPs should be called. The general 
opinion is that they should be awarded the 
accolade ‘virus’, perhaps by broadening 
the category of admissible members. I can’t 
help feeling that this obsession with 
joining the club has rather diverted 
attention and effort away from the 
problem of what they really are. Much 
of the repetitive material about 
functionless particles could have been 
condensed into a single review article 
(Chapter H covers all the ground) and 
perhaps some space given to the many 
other cytoplasmically-inherited deter- 
minants of fungi which have phenotypes 
but no physical basis yet identified. 
Visibility in the electron microscope 
is not the only passport to respectability. 

The book is a little out of date but is, 

nevertheless, for some topics, a very useful 

source. ao 
oa tp et he eae 
B.S. Cox is a Lecturer in Botany at Oxford 
University. 
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Directive 59 and European defence 


The Democratic convention last week was perhaps needlessly 
enlivened by the curious affair of Mr Edmund Muskie’s claimed 
innocence of the most recent alleged shift in United States 
strategic policy — the increased emphasis now to be given to 
military targets in the disposition of American nuclear warheads. 
Several questions arise, but are unlikely to be answered in the near 
future, if at all. Did President Carter let slip news of the 
instruction to the US military on which the new strategy is based 
— called Directive 59 — in order to impress the impending 
convention or to take the wind out of Mr Reagan’s sails, thus 
robbing the Secretary of Defense, Dr Harold Brown, of the place 
in the history books that he might have earned by making a public 
speech on the subject? (Dr Brown will indeed have made such a 
speech on 20 August.) Did Mr Muskie have to complain about not 
knowing of Directive 59 because his officials at the Department of 
State had not had time to tell him? And did he complain in the 
terms he used — more sorrow than anger — because of the 
rumours current earlier in the week that the Secretary rather than 
the President might end up as the Democratic Party’s nominee for 
the election in November? In this quiet season of the year, these 
questions will excite attention for weeks to come. There is a 
danger that the more important question of what Directive 59 
really means may be overlooked. 

The first thing to say about Directive 59 is that it is not so much 
an order to the troops as an acknowledgement of what the tropps 
have been doing, and are prepared to do. Many years have passed 
since the Department of Defence sought to demonstrate to 
Congress and the world that the great megatonnage in the 
warheads of Soviet missiles was more than made up for by the 
versatility of Multiply-Independent Re-entry Vehicles or 
independently targeted warheads, MIRVs for short. Since then, 
both sides of the equation have become larger, and their 
difference no easier to calculate. For at least a decade, however, 
the United States has made no secret of its wish to be so well 
equipped with accurate and separately manoeuvrable warheads 
that it can reasonably hope to attack crucial military targets, not 
just cities full of mere people. With the MX missile, and others of 
the same generation now in prospect, the US military (and their 
Soviet counterparts) should soon be able to deliver on that 
promise. Directive 59 is therefore largely an acknowledgement in 
public of what the Pentagon has been saying about its aspirations 
since the early 1970s. It should be acknowledged that half a 
decade has yet to pass before US Strategic Air Commands will be 
so well equipped that they can do what the US President now says 
they must do — to be prepared to fight strategic nuclear wars by 
matching their opponents’ strength tit-for-tat while keeping 
enough in reserve to be able to deliver a final devastating assault. 
The commanders, however, are not running for election. 

For those with long memories — historically, so to speak — 
there is an ironical circularity in this state of affairs. A quarter ofa 
century ago, when the American Atlas and Titan rockets were still 
being tested, while the Soviet strategic armoury was dependent on 
subsonic aircraft for delivery, and when what was called the Cold 
War was at its height, a number of honest men (the late Sir John 
Slessor prominent among them) developed the theory of 
“graduated deterrence’’. The idea was that the world would be a 
safer place if the West, at least, was able to match its retaliation 
more or less exactly with whatever attacks might come its way. 
The objective was to find some way of managing the escalation of 
a strategic nuclear war so that it could stop short of the ultimate 
catastrophe, mutual and virtually total destruction of the two 
sides in a conflict. The concept was to many people preferable to 
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that of deterrence based on all-out retaliation at the first sign of a 
Strategic attack, but even on paper there were snags. To many 
Europeans, the most obvious flaw in the theory was that 
controlled escalation of a strategic conflict would make it possible 
for the United States to lose its nerve half-way along, with the 
result that the United States guarantee of Western Europe would 
be diminished. The most serious argument against the theory of 
graduated deterrence, at least in the nuclear stages of a Strategic 
conflict, was, however, technical; the missiles of the 1950s were 
simply not accurate enough to match the need. What has 
happened now, after a quarter of a century, is that it will soon be 
technically possible to follow a strategy of graduated deterrence. 

What will be the consequences? Again the 1950s are instructive, 
and it is no surprise that Dr Harold Brown thought it wise to send 
a message of reassurance to the other NATO governments once 
Mr Carter had let Directive 59 out of the bag. The new strategic 
doctrine, Dr Brown said, is but a stage in the evolution of United 
States strategic policy. This is no more than he said at the meeting 
of the NATO Nuclear Planning Group at Bodo in Norway last 
June, and what he is likely to repeat when the same group meets 
again in November. Other NATO governments appear to have 
accepted this to be the truth, but they have not yet had time to 
work out the implications of the new development. The 
overriding question in their minds will be the question that 
preoccupied them in the 1950s — will the graduated deterrence 
strengthen or weaken the United States guarantee of Europe? 

The calculation is far from easy, and is best accomplished by 
successive approximations starting from the assumption that 
both the American and Soviet strategic forces are capable only of 
the mass destruction of their opponents’ cities. Although the 
North Atlantic Treaty, like the Warsaw Pact, is a solemn 
declaration of the superpowers’ commitments to their allies, it is 
only a piece of paper. Nobody supposes that a strategic conflict in 
Europe would evoke an automatic response in Washington or 
Warsaw — people pressing buttons without turning over in their 
minds the prospect that their own people were about to be 
destroyed. In other words, even with the strategic balance of the 
1950s and early 1960s, there was a chance that Europe might be 
left to its own devices and other people’s missiles. The crucial 
question is whether Directive 59, old hat though it may be, 
increases or diminishes that chance. 

First — this is what Dr Brown has been implying — it will be 
easier for the United States to honour its commitment to its allies 
if it can respond to a strategic threat by measures that are more 
specific than all-out retaliation. If, at the first sign of strategic 
trouble in Europe, somebody in Washington is faced with the 
choice of doing nothing or of setting in train an all-out nuclear 
exchange, he (or she?) is more likely to do nothing than if the 
choice were between inaction and some more calculated response. 
In this sense, Directive 59 should be a reassurance to the Western 
European members of NATO that their powerful ally will be more 
likely to stir a finger. By the same test, however, the controlled 
escalation of a nuclear conflict inevitably offers more 
opportunities for the United States (or, for that matter, the Soviet 
Union) to lose its resolution. Now, as was apparent in the 1950s, 
graduated deterrence cuts both ways. The strategic umbrella is 
broader, but there are more holes in it. 

The immediate question (for when the US election has been 
held) is whether Western European governments will be more 
conscious of their increased security or of the increased 
opportunities for the United States to pull out from a European 
battlefield. Their perceptions will be determined by political and 
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not military calculations. Will a more bellicose president (Mr 
Reagan) also be more isolationist? Would President Carter, if re- 
‘elected, be able to balance his apparently incorrigible 
unawareness of the European consequences of his domestic 
pronouncements (such as that about Directive 59) with the 
flexible and imaginative view of Salt II, Salt III and the other 
matters at the root of European security to keep the confidence of 
his NATO allies? Time, no doubt, will tell. 

Until that issue is resolved, there are bound to be hankerings in 
Western Europe after the position adopted by the French a 
quarter of a century ago, when the Gaullist doctrine of 

` independence was evolving. The French position is quite clear, 
and has been consistent from the start. In the last resort, the 
argument goes, even the most solemn guarantees are likely to be 
‘abrogated. It makes no sense to think that the people of the 
United States will knowingly sacrifice themselves for the sake of 
France. On the other hand, France can safeguard its own future 
by acquiring an independent nuclear force able to inflict damage 
on potential adversaries that is more or less proportional to its 
own potential value as a prize. The British case for the retention of 
an independent deterrent, much rehearsed when the British 
government decided three weeks ago to adopt the Trident system 
‘of nuclear submarines as its next-generation nuclear deterrent, is 
subtly different. The objective, that argument runs, is to 
influence the perceptions not of allies but of adversaries: if it 
should be thought by others — however mistakenly — that the 





The recession in the industrialized countries of the West is now 

_also beginning to hurt the oil-producing states. In the past few 
weeks, production in many OPEC states has declined as 
consumption in many industrialized states has stagnated or even 
fallen marginally. Some producers are now trimming back the 
premiuns they have been in the habit of adding to the prices on 
which they have been settling at the periodic OPEC price fixings, 
with the result that the prices charged for refined products, 
especially petrol or gasoline, have themselves fallen by a per cent 
or so. Meanwhile, the Rotterdam spot market (which is not 
physically in Rotterdam but rather is the name for a system by 
which oil traders sell tankerfuls of oil to each other while the ships 
are still at sea) has seen the price of crude oil fall back and the 
volume offered for sale by the oil-producing states shrink to a 
trickle. Understandably, if prices are falling, the oil producers 
prefer to leave their petroleum in the ground. Only some of the oil 
producers, Iran most conspicuously, will be embarrassed if, fora 
time, oil revenues noticeably shrink. But the emerging slump in 
the demand for oil differs in many important ways from previous 
occasions in the recent past, 1976 for example, when there seemed 
to be a surplus of crude oil. It is also an opportunity for the oil- 
consuming states of the industrialized West to put their own 
pricing policies for oil in order. 

There is some evidence that the present slackening of demand 
for oil reflects not merely the economic recession in the West but 
the beginning of an underlying trend towards reduced oil 

‘consumption. That this should be happening is merely a sign that 
increased prices bring lower consumption, the sort of thing that 
Adam Smith was saying 200 years ago. The only surprise is that it 

' has taken seven years, since the first dramatic increases of the 

: price of oil in the autumn of 1973, for consumers to make 

"arrangements to manage with less. Ironically, in this the first stage 
of the recession, high interest rates will be a brake on the pace at 
which new capital developments might help to accelerate the 

' conversion of industrial plant and commercial buildings to more 
efficient ways of using energy. It may be some small comfort for 
everybody concerned that, if this recession follows the standard 
pattern, there will come a time when interest rates are low again. 
On present form, however, even if present trends persist, it will 
be a decade or so before the industrialized West’s dependence on 

‘imported OPEC oil has lessened to the point at which the 
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United States might, in a tight corner, leave Europe to its own 
devices, the result might be a conflict that would otherwise be 
deterred. The West German government, denied both these 
options by its solemn declaration within the Western European 
Union that it would never become a nuclear power, is 
understandably (and rightly) more concerned with the threat 
from Soviet medium-range missiles across the Eastern frontier 
and would like faster progress with Salt III. 

What, in these uncertain circumstances, is to be done? The 
conventional advice is to wait until after the American election 
(and then perhaps to wait until anew Administration is installed). 
That is acounsel of defeat. It is in the best interests of NATO, but 
would also serve the good cause of diminishing the risk of 
Strategic conflict, if the three principal European states were to 
use the forthcoming period of uncertainty to decide among 
themselves what they want for European security. The British and 
French justifications of their independent nuclear forces are not 
so different that they could not be reconciled, while both are 
consistent with a NATO agreement with the Warsaw Pact on 
medium-range missiles (Salt III). Conventionally, again, it is 
supposed that an Anglo-French deterrent is unthinkable and that 
Salt III must wait on Salt II coming out of limbo (which in turn 
must wait on Afghanistan and, again, the election). But this is not 
a time for making decisions that must of necessity occupy most of 
the 1980s. President Carter’s announcement of Directive 59, 
domestically, is an opportunity to begin that process. 


What price the price of crude petroleum? 


consumers will be able to look the suppliers in the eye and argue 
about the price of oil. 

In the meantime, there are other steps that could and should be 
taken, the chief of which is to bring about a greater of harmony 
between the oil pricing policies of the consumer states. For 
governments appear still be divided on the objectives of their oil 
pricing policy: they see higher prices as a means of encouraging 
conservation, but they differ in the degree to which they wish to 
protect their electors from reality. The worst offender is the 
United States, where Congress has stolidly declined to let the 
Administration take steps to let the price of oil rise towards the 
international price of crude. (Is that another issue that will be 
more easily decided when the presidential election has been run?) 
One result is that the pressures towards conservation are not as 
strong as they might have been. Another is that energy-intensive 
industries in the United States are blessed with a commercial 
advantage over their competitors elsewhere which is widely 
considered to be unfair. In the past few weeks, there have been 
rumblings from the European chemical industry that European 
governments will not be able indefinitely to ignore. Yet they 
appear to be unwilling to follow the sensible course of 
harmonizing their systems for taxing oil so as to ensure that, at 
least within Europe, nobody has an unfair advantage. The 
European Commission's proposals to this end were given short 
shrift earlier this year. In Europe, perhaps the worst offender is 
the British government, which rigidly follows OPEC prices in 
trading North Sea oil without apparently appreciating the 
strategic benefits that would flow from a slightly lower price. 

Further ahead, the overriding need is for a mechanism 
resembling a free market that would serve as a means of fixing a 
realistic price for oil and, ultimately, for other fuels. The notion 
that oil importers that are also oil producers (chiefly the United 
Kingdom and the United States) might deliberately use part of 
their production to increase the volume of crude oil traded on the 
Rotterdam market (see Nature, 3 July) could not fail to have some 
influence on future OPEC prices. The attempts now being made 
to organize a future market in crude petroleum, great though the 
technical difficulties may be, could be an influence of the same 
kind. The trouble, as always, is that Western oil producers are 
unwilling to sacrifice any part of their security of supply for the 
benefits (to them as well as others) of lower prices. 
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Columbia and Yale at odds about Felig 


An unhappy scandal has rocked the 
departments of medicine at Columbia 
University and Yale University, has led to 
the resignation of the newly appointed 
chairman of the department of medicine at 
Columbia, Dr Philip Felig and has again 
raised accusations of plagiarism in the 
scientific literature. 

The trouble, regarded as a tragedy for all 
concerned by members of the department 
of medicine at Columbia, was first 
reported by the New York Times last week. 
What follows is a chronology of the events 
of the past few years. 

In December 1978, Dr Felig, then at the 
department of internal medicine at Yale, 
was sent by the New England Journal of 
Medicine a paper which had been 
submitted by Dr Jesse Roth from the 
National Institutes of Health with Dr 
Helena Wachslicht-Rodbard as co-author. 
The paper, entitled ‘‘Insulin binding in 
anorexia nervosa’, was sent to Dr Felig as 
a referee and eventually returned to the 
New England Journal of Medicine where it 
was published in April 1979. 

Early in 1979, Felig and his associate of 
five or six years, Dr Vijay Soman, 
submitted to the American Journal of 
Medicine a paper with essentially the same 
title as that of Roth, which was sent by the 
Editor to a group of referees which 
included Dr Roth. 

The authors of the original paper 
recognized that some portions of the text of 
the Felig-Soman paper were identical with 
their own original and that an equation 
which became the basis for their own 
Statistical analysis of their data was 
Similarly identical. Dr Wachslicht- 
Rodbard protested to the Editor of the 
American Journal of Medicine and later 
Roth protested to Felig, as a result of which 
Felig offered to withdraw the abstract of 
the paper already submitted to that year’s 
FASEB meeting in Atlantic City, to 
reprimand Dr Soman, to amend his paper 
so as to acknowledge Roth’s priority and to 
arrange that the paper should not be 
published until after Roth’s had appeared, 
which was in April 1979 (New England 
Journal of Medicine 300, 882). 

Meanwhile, Roth’s colleague at NIH 
had written to Felig and to the Dean of 
Medicine at Yale suggesting that much of 
the data which was the basis for the 
collaboration between Dr Soman and Dr 
Felig might be suspect and asking for an 
audit of the laboratory’s work. Even 
though Dr Felig had at the outset denied 
the possibility that there might be 
irregularities in his laboratory, he agreed to 
an audit and, according to Dr Roth, not to 
publish his paper until the audit had been 
completed. In the event, the audit was long 
delayed and Soman and Felig’s paper was 
published in January 1980 (American 

Journal of Medicine 68, 66). Only by 
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February 1980 had the independent audit 
been carried out, revealing discrepancies 
between raw data and published accounts 
thereof. Whereupon Dr Soman admitted 
“‘fudging”’ data. 

During this period, a Columbia search 
committee was seeking a new chairman for 
the department of medicine. In the autumn 
of 1979, the search committee interviewed 
Dr Felig, decided to offer him the post and 
had completed negotiations with him for 
his removal from Yale to Columbia at the 
turn of the year. Since then, Dr Felig has 
been making periodic visits to Columbia, 
where he began work full-time at the 
beginning of the academic year in mid- 
June, having by then moved to New York. 

People at Columbia say that they do not 
dispute Dr Felig’s explanation that the 
alleged plagiarism in the article submitted 
to the American Journal of Medicine may 
have arisen because Dr Soman had kept a 
copy of the article sent to Dr Felig for 
review and passed on to him. Equally, they 
say, Dr Felig may have submitted his 
referee’s report to the New England 
Journal of Medicine on the basis of a draft 
prepared by Dr Soman. They emphasize 
that there are no grounds for disputing Dr 
Felig’s statement that he was unaware of 
similarities between his paper to the 
American Journal of Medicine and the 
paper submitted to the New England 
Journal of Medicine. 

The audit in February 1980 of the data 
compiled in Dr Felig’s laboratory 
prompted a second and again external 
audit by Dr Jerrold Olefsky of the 
University of Colorado. By then, Dr Felig 
had asked that Dr Soman should write a 
letter declaring that he alone was 
responsible for such similarities as there 
may have been between the Roth paper and 
that submitted by Felig and Soman to the 
American Journal of Medicine and Soman 
was dismissed. The independent audit 
disclosed that of more than a dozen papers 
submitted in recent years from Dr Felig’s 
laboratory involving collaboration with Dr 
Soman at least eight were under acloud and 
that six were unsupported by raw data 
gathered in the usual way in laboratory 
notebooks. 

In February 1980, however, Dr Felig had 
proposed that Dr Soman should be 
appointed as assistant professor in the 
department of medicine at Columbia 
University without, people at Columbia 
now say, disclosing that Dr Soman’s work 
was under a cloud. Although the dean of 
the medical school, Dr Donald F. Tapley, 
was informed of the outcome of the second 
independent audit of the Felig paper in 
March this year, it is now said that Dr 
Tapley did not inform his colleagues at 
Columbia until July, when word of the 
alleged plagiarism had been spread about 
and when Columbia, with Dr Felig already 














Dr Philip Felig 


in post as chairman of the department of 
medicine, set up an ad hoc committee to 
look into the affair. During the early 
summer of this year, Dr Felig was at pains 
to deal with the consequences of the two 
independent audits. 

One of the papers concerned in the 
investigation — Soman, V. and Felig, P. 
“Regulation of the glucagon receptor by 
physiological hyperglucagonaemia’’ — 
was published in Nature (272, 829: 1978), 
and Dr Felig wrote to the Editor to say that 
it had not been possible to find the original 
data and that ‘“‘until further data are 
available, the hormone binding data 
contained in that publication must be 
considered questionable”. (Dr Felig had 
also written to the editors of several other 
journals in similar terms but a retraction in 
respect of another paper will appear in the 
current issue of the journal Diabetes. ) Dr 
Felig was told by Nature, in May, that in Dr 
Soman’s interest it would be best if a 
retraction in respect of the Nature paper 
appeared only wher the position had been 
cleared up. 

In the event, the ad hoc committee at 
Columbia took the view that Dr Felig was 
at fault in not having been able to recognize 
similarities between the paper which he 
signed and submitted to the American 
Journal of Medicine and that which he 
had, a few weeks earlier, been asked to 
review; for having delayed for as much as 
nine months before seeing that an audit of 
his laboratory’s data had been carried out: 
and for not volunteering to his academic 
colleagues at Columbia the trouble he had 
encountered at Yale. Faced with this 
complaint, Dr Felig resigned from 
Columbia at the end of last month. 

Yale takes a quite different view of what 
has happened. On the telephone this week. 
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Dr Robert W. Berliner said that Columbia 
had made a gigantic mistake. He said that 
the alleged plagiarism consisted of a 
sentence or two and an equation that is not 
nearly as special as is claimed. People at 
Yale, indeed, suspect that Dr Felig is the 
victim of a misunderstanding. He has been 
invited to return to Yale and has apparently 
agreed to do so. This week, Dr Felig was on 
vacation. Dr Roth, while sympathetic to 
the predicament in which Dr Felig initially 
found himself, expressed the view that 
it was careless of Dr Felig to go ahead 
with publication before the audit had 
been completed. 


School computing 


Money to spend 


The British government’s £9 million 
programme to promote the use of 
computers in schools is getting off toa slow 
start because of delays in appointing a 
director. To avoid the possibility of losing 
some of the money if it is not spent before 
next March, the Department of Education 
and Science (DES), which is putting up the 
funds, has already had to award some 
grants. About £500,000 of the £1 million 
set aside for this financial year has been 
either awarded or earmarked for projects 
which are as yet planned only in outline. 
The allocation of larger sums for projects 
which will define the emphasis of the four- 
year programme will have to wait for the 
new director whose appointment is 
expected to be announced in September. 

The present programme has grown out 
of a plan of the previous Labour 
government to spend £12 million on 
developing the educational value of 
microcomputers. None of that money was 
spent, however, because of the change of 
government in April last year. After more 
than a year of deliberation, the present 
Conservative government announced last 
March that it was to renew the programme 
by spending £9 million over the next four 
years: £1 million is to be spent before 
March 1981 and £2.7 million is to be spent 
in each of the remaining three years. When 
it is fully underway, the programme is to be 
administered by the Council for 
Educational Technology for the United 
Kingdom. 

The DES has yet to decide on the overall 
objectives of the programme because to do 
so it needs the advice of the director as well 
as arecently appointed advisory committee 
of civil servants, teachers and repre- 
sentatives of educational organizations. 
The advisory committee gave the matter 
some thought at its first meeting at the end 
of July. All members were agreed that the 
programme should aim to improve the use 
of computers in schools but there was a 
difference of opinion on what should be 
the long-term objectives of computer 
education. Some mtmbers believe that the 
aim should be to acquaint most school 
leavers with computers and their uses: 
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others believe that the aim should be to give 
pupils a grounding in programming and 
computer technology. Members plan to 
resolve the issue at the committee’s next 
meeting in September. 

Much of the work on computers in 
schools has been done by the Council for 
Educational Technology for the United 
Kingdom, which will administer the 
current programme when it gets under 
way. Other groups, which will no doubt be 
looking for funds, include Micro and Mini 
Computer Users in Secondary Education, 
a voluntary organization which is building 
up a library of software and guidance notes 
for teachers, and the Schools Council. The 
Schools Council hopes to receive grants to 
extend its existing work on compiling 
software and course notes on several 
subjects central to the school curriculum. 
Some of the packages it has already 
produced are designed to be of use in 
teaching history, economics, geography 
and even home heating, as well as 
chemistry, physics and biology. 

Only about one hundred schools in 
Britain own their own computer and it is 
unlikely that much of the £9 million will be 
spent directly on increasing that number. 
One major constraint on the work funded 
under the programme will be that it should 
lead to results or suggestions for computer 
use which are within the financial limits of 
local education authorities. 

Judy Redfearn 


Soviet environment 


Old hands back 


Environmental protection is now a 
major feature of Soviet planning, and 
Moscow radio recently took to task 
Western newspapers (including the 
Guardian) which, it said, reported only the 
negative aspects of Soviet ecology. In 
response, the commentator drew specific 
attention to a speech of Academician N.P. 
Dubinin, delivered at this year’s plenary 
meeting of the Soviet Academy of 
Sciences, and which was later published in 
the Vestnik of the Academy. 

Academician Dubinin is a leading Soviet 
geneticist, whose work, notably his book 
Evolutionary Genetics had been 
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suppressed during the Lysenko period. His 
address to the academy, entitled Genetics 
and its significance for Mankind covered a 
whole range of topics from plant-breeding 
to genetic engineering. Nearly half his 
speech, however, was devoted specifically 
to the genetic aspects of pollution, which, 
he explained, make up an important 
section of the Soviet Union’s ‘‘Man and 
biosphere” programme, which is the 
responsibility of a special environmental 
Interdisciplinary Council of the State 
Committee of the USSR on science and 
technology. 

In his speech, Dubinin stressed that 
much of the work in this field was taking 
place within the framework of the United 
States — USSR collaboration programme. 
By stressing the collaborative aspect, he 
was thus able to quote exclusively from US 
sources on the genetic hazards of pollution 
by mutagens, or to attribute to American 
authors the more pessimistic viewpoint 
that ‘tat the present time science does not 
have at its disposal the means of solving this 
exceptionally complex problem’’. On the 
other hand he attributes to Soviet authors a 
‘highly promising express test scheme” 
for studying the frequency of genetic 
mutation, tests based on leukocyte cultures 
and a method for determining gene and 
chromosome mutations in embryo mouse 
cells. The American J. V. Neel, however, 
receives due credit for his improved 
monitoring programme for observing the 
increase of mutations due to the Hiroshima 
and Nagasaki bombs. 

In a speech intended to review the 
positive aspects of Soviet genetics, open 
criticism of past policy would clearly be out 
of place. There were, however, one or two, 
interesting allusions to the Lysenko 
aberration. In speaking of the ‘‘adaptive 
norm’’, Dubinin specifically cited his own 
(erstwhile banned) work of 1948, and 
stressed the importance of establishing 
whether or not unfavourable genetic 
changes had occurred over the last 20 to 30 
years. Soviet genetics, it should be recalled 
was effectively restored only in 1963 — 64. 
In a speech which the Soviet media singled 
out as the proper and positive way to report 
environmental genetics, such low-key 
criticisms, it appears, are quite in order. 

Vera Rich 


The edible frog (Rana esculenta), the 


f basis of a number of French recipes for 


gourmets, is one of the species widespread 
on the mainland of Europe which have 
established themselves only with difficulty 
in the United Kingdom. The photograph is 


S taken from a Nature Conservancy Council 
booklet, Wildlife Introductions to Great 
F Britain, which is the report of a working 

» party of the UK Committee for Inter- 
~~ national Nature Conservation. The edible 
frog is apparently now established only in 





the counties of Norfolk and Sussex. 
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Interferon production 


Japan now 


International agreements for the 
manufacture of interferon appear to be 
catching on. Last week, the Wellcome 
Foundation Limited (whose sole 
shareholder is the British foundation 
known as the Wellcome Trust) announced 
an agreement with the Sumitomo Chemical 
Company of Japan that will in due course 
enable the Japanese company to use 
Wellcome technology for manufacturing 
lymphoblastoid interferon. 

The project, which is thought to be 
potentially worth several million pounds to 
the British company, will first of all involve 
clinical trials in Japan based on interferon 
supplied by Wellcome. Thereafter, the 
Japanese company will decide whether or 
not to go ahead with the building of a plant 
for producing interferon commercially, 
using the techniques developed at the 
Wellcome Foundation over the past 
few years. 

Broadly speaking, the technique is to 
infect a culture of lymphoblastoid cells 
with Sendai virus, which stimulates 
interferon production, and to extract 
lymphoblastoid interferon on 
chromatography columns loaded with 
antibodies against the type of interferon 
being produced. 

So far there has been no opportunity to 
decide whether the recently announced 
technique for raising monoclonal 
antibodies against interferon (Secher, D. S. 
and Burke, D. C., Nature, 285, 446; 1980) 
will make this process efficient. 

The cost of interferon plants of this kind 
is likely to be of the order of £5 million. It is 
thought that the production of interferon 
by the Wellcome Foundation now exceeds 
the total production of Finland, hitherto 
the chief source of interferon. For those 
drug houses manufacturing interferon 
from tissue cultures, the overriding 
question for the future must be whether 
cloning techniques will lead to more 
efficient and cheaper manufacture. 

If it is possible to obtain as many as a 
hundred molecules of interferon from a 
bacterium such as Escherichia coli carrying 
an interferon gene, the capital costs of the 
manufacturing plants required to produce 
a given amount of interferon will be 
reduced at least in proportion to the ratio 
of the generation times of bacteria and cells 
in culture — 20 minutes to three days, or a 
factor of a hundred. Drug houses using 
tissue culture techniques (which are 
thought to include Roche and Merck as 
well as Wellcome) appear however to be 
counting on the length of the period of 
clinical investigation of cloned interferon 
that would be needed before these could be 
put on the market. 

As things are, there is no direct evidence 
that cloned interferon is equivalent to that 
from tissue culture and in any case the 
multiplicity of interferon molecules now 
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being identified will need to be 
distinguished from each other 
physiologically and clinically, a process 
thought by the existing manufacturers to 
require five years or so. 

Although the agreement with the 
Sumitomo Chemical Company has been 
formally signed, there are some grounds 
for anxiety that the arrangement may be 
frustrated by difficulties in Japan about the 
widespread use of whatever materials the 
Wellcome Foundation’s Japanese partner 
eventually seeks to put on the market. 


Occupational safety 


Cuts ahead 


Britain’s Health and Safety Executive 
(HSE) is expecting difficulty in cutting its 
coat according to its cloth. In its latest 
annual report, published earlier this week, 
the HSE says that the government’s plan to 
set its 1981-83 grant at 6% below the grant 
for 1979-80 will mean a reduction in the 
amount of work it can carry out. 

Most of the savings will be made on 
staff, probably by reducing numbers from 
4200 to 3800, and on internal office costs. 
But, says the report, some of its work of 
direct relevance to employers and workers, 
in particular that of the Factory 
Inspectorate, is bound to suffer. The 
research budget is also expected to come 
off particularly badly, with cuts of 18 per 
cent or about £2.2 million expected for the 
main research and development budget. 

The main fear of John Locke, Director 
of the HSE, is that its work will become 
more reactive, dealing only with problems 
retrospectively. Such a move would be 
contrary to the policy of anticipating 
problems adopted by the executive since its 
creation in 1974. 

Locke regards the anticipation of 
problems through extensive visits to 
workplaces and an active research 
programme a priority, even above some of 
the daily demands on the executive’s time. 
In the report, he says that longer term work 
on problems with no immediate obvious 
effects on employers and workers, 
especially those of occupational exposure 
to chemicals, noise and radiation, must 
continue even if cuts have to be made 
elsewhere. Such a policy would be in line 
with the changing emphasis of the 
executive’s work over recent years from 
accidents at work to longer term health 
problems. 

The plan is to make most of the cuts in 
the research budget fall in those areas, 
commonly involving standard testing, 
where industry could be persuaded to step 
in with funds. Hence, the HSE hopes that 
industry will make up for the £1.6 million 
reduction in the research division’s direct 
support to the inspectorates by arranging 
for its own tests to be done. Industry is also 
to be encouraged to pay for and conduct 


some of the work done under three of the 


executive’s major current research projects: 
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a study on the toxic effects of low levels of 
isocyanates, a study on mortality in the 
rubber industry and a project at Porton 
Down to study the dispersal of heavy gas 
clouds. To avoid industry totally 
controlling studies on its own problems, 
the HSE still inteads to be responsible for 
designing and monitoring research 
projects. Industry, however, will be 
encouraged to provide its own data for 
them or to pay for research that is 
done independently. 

One of the executive’s problems in 
defining a coherent programme of future 
work is that with the increasing public 
awareness of health and safety issues, 
largely fostered by its previous work, 
increasing demands are constantly being 
made on its resources and new problems 
are brought to its attention. One of the 
major areas in wh ch it will be stepping up 
its work is nuclear safety to cope with the 
government’s plans to increase the nuclear 
power programme and to build a press- 
urized water reactor. Additional resources 
are to be put into the Nuclear Installations 
Inspectorate and almost all the work on 
fast reactor safecy is to cease so that 
resources can be transferred to studies of 
PWR design. Work will also increase on 
toxic chemicals and major hazards, both of 
which are part of EEC programmes 
of research. 

In a plea for kinder cuts by the 
government, the report argues that a major 
reduction in its services could lead to 
increased expenditure elsewhere, especially 
in the health services and sickness pay. It 
says that if further cuts, beyond 6% are 
planned then the Health and Safety Com- 
mission, the body <o which the executive is 
responsible, woulc look to the government 
for suggestions as to which areas of its work 
it should reduce. 

The executive does have some statistics 
to support its case. The number of fatal 
accidents for those industries covered by 
the executive throughout its five year life, 
fell from 651 in 1974 to 544 in 1979. Non- 
fatal accidents have also dropped by about 
25% over the period. 

Judy Redfearn 


Graduate stucents 


Places sought 


Demand from new British graduates for 
research grants is surprisingly buoyant this 
year. Half-way through the short season 
during which the research councils make 
awards, the Science Research Council at 
least is modestly encouraged by the volume 
of applications, which is well up on that of 
last year. 

Part of the explanation is the relaxation 
of the rules for the awards in the gift of the 
SRC Engineering Board. For the second 
year, awards of engineering studentships 
both for research and for advanced study 
(usually leading to an MSc degree) are 
being made on the principle of ‘‘first come, 
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first served’’. 

Now that word of the new regulations 
has percolated to the universities, the 
Engineering Board’s objective of in- 
creasing the amount of postgraduate study 
seems well on the way to being achieved. 
The Engineering Board has set itself a 
target for this year of 435 research 
studentships and 535 advanced course 
studentships, and gives the impression of 
being prepared to spend more in future 
years if only it can attract suitable 
applicants. 

In science subjects, where the rules are 
unchanged, the target for the award- 
making season is virtually the same as last 
year — 769 research studentships and 435 
advanced course studentships. These 
awards are made on the nomination of 
university and polytechnic departments on 
the basis of quota allocations by the 
various subject committees of the Science 
Research Council. Even so, there is some 
evidence that the volume of applications is 
greater than in 1979. 

The parallel operation of these two 
systems is likely to throw an interesting 
light on the workings of the quota system. 
Although (outside engineering) the quotas 
are fixed by the SRC subject committees 
after a necessarily subjective estimate of 
the capacity of individual departments to 
provide training in research, many of those 
who wish to see a further concentration of 
research support on departments with high 
reputations have regarded the quota 
system as an impediment to change. 
Would-be engineering research students 
are in the circumstances more free to decide 
where to settle, for which reason a 
comparison of the distribution of research 
students in science and engineering will be 
of some interest when the award-making 
process 18 Over, 

Applications for postgraduate awards 
have also increased under the SRC’s 
scheme for Cooperative Awards for 
Science and Engineering (CASE) although 
a relaxation of the rules may again have 
helped. CASE studentships involve 
research projects worked out in 
partnership by a university department and 
an industrial company, which in previous 
years have had to be approved by the SRC 
before a student award can be made. For 
the first time this year, university 
departments have been allowed to 
nominate a student while seeking approval 
for a project, although an award remains 
conditional on the students’ performance 
in the degree examinations. 

The target for CASE studentships this 
year is 760, but clearly the SRC would again 
spend more if there were a sustained 
demand. It is, however, something of a 
surprise that the council has been able to 
build up to 700 awards a year in less than a 
decade of CASE studentships. 

The apparent bugyancy of demand for 
postgraduate awards is somewhat at odds 
with reports that many new graduates are 
this year more anxious to find permanent 
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jobs than to remain in research. By the end 
of the summer, it is also possible that much 
of the demand may have melted away. One 
of the hazards of the process is that awards 
offered are not always taken up, sometimes 
because applications are made in duplicate. 
The SRC’s record of this kind is that of a 
husband and wife who each made sixteen 
separate applications. 


NPT review conference 


Smooth start 


The Second Review Conference of the 
Non-Proliferation Treaty (NPT) got off to 
a smooth and predictable start in Geneva 
last week. From the opening declarations 
which delegates to the conference were 
making in the first six working days, it is 
plain that the non-nuclear weapons states 
which are parties to the treaty will be urging 
that the nuclear powers have made too little 
progress too slowly towards strategic 
disarmament, and that the restrictions 
imposed on trade in nuclear materials in 
recent years are both a violation of the 
treaty and discriminatory against 
developing countries. 

Delegates from nuclear weapons states 
are however heartened that these protests 
have been couched in moderate language. 
For their part, the nuclear weapons states 
(the Soviet Union, the United Kingdom 
and the United States) have been making 
much of the report on the comprehensive 
test-ban negotiations submitted to the 
Committee on Disarmament at the end of 
July and of the Committee on Assurance of 
Supply set up under the International 
Atomic Energy Agency and due to hold its 
first meeting at the end of September. 

Procedural matters appear to have 
caused so far the few anxieties that have 
flitted across delegates’ minds at Geneva. 
As planned by the preparatory confer- 
ences, however, the Iraqi delegate was in 
the end appointed charman of the confer- 
ence. It has been agreed that most of the 
work will be done by two committees which 
met for the first time on Tuesday and which 
are concerned respectively with progress 
towards disarmament and security of 
supply. 

Work on the drafting of the conference 
report will begin next week, and although 
everybody seems reconciled to the notion 
that the report will refer to the discontents 
of the non-nuclear powers, it was hoped 
last week that a consensus document would 
be agreed. 

For the most part the nuclear powers 
presented a united front in their formal 
speeches, drawing attention to the need to 
strengthen the NPT system and to the 
detailed character of the report on the 
comprehensive test-ban negotiations. At 
one point, however, the Soviet delegate did 
seek to embarrass the United States by 
pointing out that Salt H would by now have 
been ratified had it not been for the United 
States Congress. 
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The discontents of the non-nuclear 
powers, expressed in several of the formal 
statements, were eloquently put by Mr 
Domingo Siazon, the leader of the 
Philippine delegation, who argued force- 
fully that restrictions on the supply of 
nuclear materials devised in the past few 
years by nuclear suppliers were a violation 
of the NPT, and that signatories of the 
treaty such as the Philippines, having 
signed in good faith, had every reason to 
expect that the nuclear powers would 
honour their undertaking to provide 
nuclear materials, fuel and equipment, 
without discrimination. 

It is planned that the review conference 
will end on 5 September. 


Windmill power 


UK gets wind 


Windmills seem to be on the march in 
Britain. Officials at the Central Electricity 
Generating Board (CEGB) will embark this 
summer on the choice of a site for a large 
windmill which the board plans to order in 
1983 and commission by 1985. 

The decision to buy a windmill, 
announced last week, seems to indicate 
that the board has decided to take wind 
power seriously. It is the first piece of 
alternative energy technology to be bought 
by the board, Britain’s sole electricity 
utility, on a commercial basis. The early 
announcement of the plan is intended to 
stimulate British industry to develop an 
improved machine by 1983. 

The CEGB’s plan is to choose a Site 
where other windmills could be built later 
to assess the characteristics of windmill 
arrays. It is prepared to spend about £10 
million on building ten 1-MW machines. 
The first windmill willbe a 1-MW machine, 
probably of horizontal axis, with a blade 
span of no less than 200 ft suspended 150 ft 
above ground. While industry is busy 
working on new designs to compete for the 
order, the CEGB will be gaining operating 
experience on a smaller 100-kW machine 
which it hopes to buy as soon as possible. 

The apparent sudden interest in wind 
power has been stimulated by recent 
developments in the United States. 
Hamilton Standard, an American 
company which has pioneered wind-turbine 
technology, has recently claimed to have 
designed a windmill which could bring 
down the cost of wind-generated electricity 
to as little as 1-2 pence per k Wh. Previous 
best estimates of cost have been about 3-4 
pence per kWh. 

Undoubtedly, these low estimated costs 
have stimulated interest in wind power 
within the CEGB. It is too soon to know 
what part windmills will eventually play in 
the pattern of the CEGB’s electricity 
generation. Intermittent generation is an 
obvious problem unless pumped storage is 
available. The CEGB says that the chief 
contribution will be in saving fuel. 

Costs of generating electricity from 
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power stations now being built range from 
2.28 pence per k Wh (nuclear) to 3.59 pence 
per kWh (coal). If, because of intermittent 
generation, windmills do not reduce the 
total need for installed capacity, however, 
the cost of wind-generated power should be 
compared with the costs of fuel in conven- 
tional stations, 0.61 pence per kWh 
(nuclear) and 2.30 pence per kWh (coal). 
Hamilton Standard claims to have 
applied some of the principles involved in 
building helicopters to the design of a 
flexible windmill capable of bending in the 


wind and responding to wind coming from 
different directions. Until now, most 
windmill designs have assumed the need for 
a large rigid structure capable of standing 
up in gales and for very strong rigid sails to 
withstand opposing gravitational forces. 
Hamilton Standard is now saying that a 
bendy windmill can withstand considerable 
forces and can be built more cheaply 
because less material is needed. 

A cheaper windmill could also operate 
economically in wind speeds of only6ms™! 
to operate effectively. The ability to 


Nuclear generation costs compared 


The report of the Central Electricity 
Generating Board (CEGB) for the year to 
the end of March 1980 includes a detailed 
analysis of the costs of generating 
electricity from power stations of 
different types which is likely to be much 
quoted in the months ahead, when plans 
are being laid for the further development 
of the British nuclear power programme. 
The figures now published represent a 
departure from previous practice in that 
the assumptions on which they are based 
are stated more explicitly than in the past, 
with allowance being made for elements 
of cost such as the interest paid during the 
period of construction and the cost of de- 
commissioning the stations concerned. 

During the past year, the cost of 
nuclear power generated from the first 
generation of British “Magnox” stations 
was less than that of electricity from coal 
or oil. The costs for the past year are 
shown in the accompanying Table 1. 

Part of the reason why the nuclear 
costs turn out to be so advantageous is 
that the initial capital costs of the Magnox 
stations, built between the late 1950s and 
the late 1960s, are much lower than 
present-day replacement costs would be. 
Although the same is true of the capital 
costs of conventional power stations, the 
fact that nuclear capital costs represent a 
greater proportion of the total implies 
that the figures are not a reliable guide to 
the costs of building new power stations 
of the same types. 

One surprising feature of the CEGB’s 
operations during 1979-80 is that the 
load factors of the nuclear stations were 
more or less the same as those of conven- 
tional stations. Electricity generated by 
the nuclear plant amounted to 70 per cent 


of net capacity, compared with 69 per 
cent for coal-fired stations and 77 per cent 
for oil-fired stations. Originally, it was 
intended that the nuclear plant in the 
British generating system should be run at 
virtually full capacity; the board says that 
the lower load factors now being 
obtained from the nuclear power stations 
reflect their increased age. The costs of 
electricity generation are obtained by 
dividing the total cost of operation by the 
amount of electricity generated and thus 
increase as load factors decline. 


Table 2 Costs for Hinkley B (AGR) and Drax 
(coal-fired) 


Hinkley Drax 


Point B first half 


p/kWh p/k Wh 
Capital charges and provision 


for decommissioning 0.37 9.12 
Interest during construction 0.18 0.04 
Inclusive fuel costs 0.55 1.25 
Other costs of operation 0.16 0.09 
Research 0.07 0.01 
Training 0.02 0.01 
Total 1.35 1.52 


The CEGB’s annual report also 


provides costs on a comparable basis for 
two of its newest power stations — the 
Advanced Gas-Cooled Reactor station 
{the first of its type to be commissioned) 
and the newly-completed Drax coal-fired 
power station. The figures are shown in 
Table 2. The load factors for the AGR 
station (Hinkley Point B) and Drax were 
55 per cent and 74 per cent respectively. 
The poor availability of the AGR reflects 
the difficulties in bringing this station 
into operation. It may seem remarkable 
that, in the circumstances, the cost of 
electricity generated is not much greater 
than that from the older Magnox station. 

Mainly because of inflation, the CEGB 
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Table 1 Costs of power generation by Magnox, coal-fired and oil-fired stations in 1979-80 


Capital charges and provision for decommissioning 
Interest during construction 

Inclusive fuel costs 

Other costs of operation 

Research 

Training 


Total 
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Nuclear Coal- Qil- 
(Magnox) fired fired 
p/kW h p/kWh p/kWh 
0.34 0.09 0.14 
0.06 0.02 0.02 
0.60 1,29 1.61] 
0,26 0.14 0.14 
0.03 0.01 0.01 
0.01 0.01 0.01 
1.30 1.56 1.93 
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respond more sensitively to variations in 
wind direction also suggests that a flexible 
design of windmill might be successful in 
relatively low wind speeds. 

In the light of these considerations, the 
CEGB says that it will be looking at flat 
inland sites, probably in the east of 
England, as well as hilltop sites for its first 
big windmills. A low inland site would have 
the added advantage of causing less 
environmental trouble than a hilltop in the 
rural areas of Scotland or Wales. 

Judy Redfearn 


expects nuclear costs to rise. The net cost | 
of electricity fromthe three AGR stations 
soon to be commissioned (Dungeness B, | 
Hartlepool and Heysham I) are estimated | 
at 2.62 pence per kWh, 2.28 pence per 
kWh and 2.31 pence per kWh respec- | 
tively. The increase is largely attributable | 
to increased capital costs, three times as | 
great as those for Hinkley Point B. At the | 
same time, the board estimates that the 
cost of conventional electricity will have | 
increased still further, with oil-fired plant | 
producing electricity at a cosi of more 
than 6 pence per kWh and the second | 
of the coal-fired Drax station i 
electricity at 3.59 pence p 
For the first time, the CEI 
provides figures to show the basis on | 
which future investment decisions are | 
being made. The - ple is that of 
discounted cash flow in which future costs 
are represented by a present cost using a 
discount rate of £ per cent per annum. 
The board also makes the assumption | 
that the price of coal will increase at an | 
average rate of 2 per cent a year at least | 
until the end of the century and notes that 
the cost of building generating plants of all | 









Table 3 Overall comparison of costs for nuclear and 4 
coal-fired stations 
Nuciear Coal-fired 
okKWh  p/kWh 
Capital charges at station and 


provision for decommissioning” 1.39 0.76 § 
Interest during construction* : 
Inclusive fuel costs 0.61 2.38 | 
Other costs of operation 0.22 O.Z1 | 
Generation costs 22 3.35 | 
Less fuel saving from 
displacing less efficient plant 2.88 342 i 
~~}. 4G +0331 
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kinds has recently been increasing faster’ | 
than inflation. The calculations now | 
published, and summarized in Table 3, 
show that a nuclear generating plant has 
potential advantages over a coal-fired 
plant both in generating electricity more 
cheaply and in its effect on the economics | 
of the generating systems as a whole — | 
assuming that nuclear plants would | 
displace less efficient plants, the Net | 
Effective Cost of nuclear generating | 
capacity becomes negative, implying a | 
net saving for each power station built. 
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Nuclear facts 


SiR — The letter which you published on 10th 
July under the heading ‘‘Nuclear Protest” 
from three correspondents from Edinburgh 
Science for People, contains several 
misleading statements. 

It is wrong to claim that trade union rights 
are “denied” in the nuclear power industry. 
Many of the staff in the industry who belong 
to trades union are very active in participating 
in debates about nuclear issues within their 
movement and in promoting the case for 
nuclear power development. They are 
oresumably best able to judge their own 
conditions of employment; your 
correspondents should take account of their 
views and of those of the trade union leaders 
who speak for them. 

It is incorrect to describe the UKAEA 
Constabulary as ‘‘an armed secret police 
force“. There is nothing secret about them. 
They are sworn in as special constables. They 
are individually responsible for their actions 
and their powers are more circumscribed than 
those of the ordinary civil police. The AEA 
Constabulary are responsible to the Secretary 
of State for Energy through the Chairman of 
the Authority, and their functions have been 
reported to and debated by Parliament. 

It is impossible to claim that the civil 
application of nuclear energy to commercial 
electricity generation has led to weapons 
proliferation; all of the existing nuclear 
weapons states found ways of implementing 
their political decision to have such weapons 
which did not start from a nuclear power 
programme. 

This exchange of letters seems to me to 
substantiate the need identified in your 
editorial (19 June) for professional people, in 
universities, industry and government, to 
resolve their points of disagreement. We 
should at least be able to start with a correct 
statement of the facts before debating the 


development. 

L. E. J. ROBERTS 
AERE Harwell, 
Oxon, UK 


Geological sport 


Sin The Geological Olympics are over for 
another four years. The 26th International 
Geological Congress held on 7-17 July in 
Paris had the feel of an Olympic Marathon, 
with well over 2,500 talks in nine working 
days. Anybody attending each day deserved an 
Olympic medal for endurance, for on some 
days they had to make an agonizing choice 
between eighteen simultaneous sessions on 
such diverse topics as Ophiolites, Cambrian 
Stratigraphy, Geophysics of the Lithosphere 
and Upper Mantle, Applied Geochemistry, 
History of Tectonics pre 1922, Coal and 
Magnetic Stratigraphy and Ocean Floor 
Reconstruction. 

What was the delegate likely to encounter? 
There was always the chance of ‘meeting old 
friends and hearing old papers’’ but in fact 
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of them were legible. The rest might well have 

not been shown — indeed, some speakers even 
apologized with the standard ‘‘If you could see 
the relevant points, you would notice. . .’’. 

Why are some slides so atrocious at 
conferences? Admittedly some were superb — 
large lettering, good use of colours. Others, 
regrettably, were just unintelligible. The slide 
of a table photographed directly from a 
journal, itself produced by offset-litho tech- 
niques is a good example. In these cases, the 
printing has probably been reproduced three 
or four times with an inevitable reduction in 
definition each time. The result is a blur from 
row |, a sigh from the back and another 
author loses his audience’s concentration. 
Maybe the time has come for ‘‘pre-talk 
screening” of slides to take place and rejection 
of those considered of dubious quality. 

Apart from poor visual aids, the conference 
was a tremendous success. The sight of two 
German scientists actively discussing 
manganese nodules in English at a conference 
in France under a session chairman from 
Hawaii confirms that the occasion had an 
international flavour. But I wonder how many 
tribal groups (geochemists, geophysicists, 
petrologists, etc.) actually strayed outside their 
own compounds during the fortnight and how 
many merely ‘‘flew in’’ for the relevant day’s 
papers. 

Those who took this second course will have 
undoubtedly missed some of the more 
worthwhile aspects of the gathering — 
although no doubt pressing commitments 
elsewhere are partly to blame for brief visits. 
Maybe the Earth Scientists of today are 
becoming too specialized and hence, as 
chemists become geochemists, physicists 
geophysicists etc., the ability to understand 
broad based geology is declining. 


S.J. WAKEFIELD 


Dept. of Oceanography, 
University College, 
Swansea, UK 


2,4,5-T dispute 


Sirn-~Now that I have returned to the UK | 
have seen your editorial of 17 July and 
without complaining about the snide reference 
to me (no doubt prompted by your reluctance 
to publish the piece you requested me to write 
on the cancer issues) you have still got the 
2,4,5-T issue wrong. I have no idea where you 
got the figure of 100 tons for the quantity of 
herbicide-based materials imported. As far as I 
know it is nearer 160 tons. Nature should (as in 
the back part of the magazine) abandon 
prejudice and support quite reasonable and 
sane crusades to protect people. 

CLIVE JENKINS 
Association of Scientific Technical 
and Managerial Staffs, London, UK 


The source of the figures quoted in the 
leading article to which Mr Jenkins refers is as 
follows. Customs and Excise give imports of 
2,4,5-T into the United Kingdom in 1979 as 
116 tonnes. Use of the material in the United 
Kingdom in 1979 was given as 58 tonnes in an 
answer to a Parliamentary Question on 20 
June. The difference is accounted for by re- 
exports. Mr Jenkins has been informed of the 
source of the figures used but insists that his 
letter should be published. The article of his 
own to which Mr Jenkins refers was invited in 
March but not published because, in the 
judgement of the editorial staff of Nature, it 
dealt with a different aspect of the problem 
from that originally defined. 

Editor, Nature 
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Misciting latest 


SIR—In their News and Views article “Just so 
stories and cautionary tales” (Nature, 31 
July)!, Robert May and Miranda Robertson 
quote our study? where we point out that W. 
D. Hamilton's paper The genetical evolution 
of social behaviour? is frequently miscited as 
The genetical theary of social behaviour. 
Although the recent trend to miscite the paper 
can be traced back to E. O. Wilson's 
Sociobiology, the New Synthesis*, the 
mutation has occurred independently at least 
three times and is an easy one to make for 
those familiar with Sir Ronald Fisher’s The 
Genetical Theory of Natural Selection’. 
Similarly, misciting Wilson's book as 
Sociobiology, the Modern Synthesis, as May 
and Robertson did, ts easy to do for anyone 
who has read Sir Julian Huxley’s Evelution, 
the Modern Synthesis®. 
PauL HARVEY 

JON SEGER 
Schooi of Biological Sciences University of 
Sussex, Falmer, UK and Department of 
Biology, Harvard University, Cambridge, 
Massachusetts 


. Nature 286, 327-329 (1980). 

. New Scientist 87, 30-81 (1980). 

_ J. theor. Biol. 7, 1-52 (1964), 

. Harvard University Press (1975). 
arenden, Oxford (1930). 

. Harper, New York (1942), 


Distance 
measured 


Sir, — Bougault and Treuil in their Nature 
article (17 July) fail to inform us whether their 
distances are nautical or statute ‘‘mille 
passurn’’ — there is a difference of 11.5 chains 
between these units, equivalent to 10,000 yr of 
seafloor spreading. Confusion could be 
avoided, and precision improved, by quoting 
distances in the traditional ieagues of 
Columbus, Champlain and the imperturbabie 
Captain Nemo. 


PauL MOHR 
Depariment of Geology, 
University College Galway, 
Galway, Ireland 


Filter tips 


Sir--Dr Zeki’s red filter described in your 
article (Nature, 31 July, p.435) is really 
excellent for use in photographing fluorescent 
DNA bands on agarose gels. One of the most 
important factors for a contrast filter is the 
absence of fluorescence of the filter itself. 
Conventional red filters usually emit fairly 
strong fluorescence when hit by a strong UV 
ray from a transilluminator, and this 
fluorescence makes for a somewhat bright 
background and an unclear photograph. We 
have been using a UV filter in front of a 
conventional red filter, to cut UV light and 
thus to minimize the self-fluorescence of the 
red filter. In this manner a satisfactory 
photograph can be obtained. It is important to 
use a good UV filter, however, because some 
emit a weak fluorescence. 

Comparison of Dr Zeki's filter with our 
double filter showed the former to be superior. 
Dr Zeki’s filter is completely free of intrinsic 
fluorescence. My thanks to Dr Owen for his 
helpful observation. 


TAKESHI UozuMi 
Department of Agricultural Chemistry, 
The University of Tokyo, Japan 
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Neutrino weight watching 


NEWS AND VIEWS 
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from A. De Rújula and S.L. Glashow 


IN the past few months, there has been a 
great deal of excitement about neutrinos, 
chiefly because of two sets of experiments 
which have been reported. One 
experiment, due to F.W. Reines and his 
group at the University of California 
(Irvine), based on measurements of 
neutrinos from a nuclear reactor, has been 
interpreted as evidence for neutrinos whose 
mass is not identical with zero. The same 
conclusion is suggested by very preliminary 
results from a neutrino experiment at 
CERN. To the extent that both these 
experiments suggest that there may be 
interconversion between the three known 
species of neutrinos, the conclusions would 
help to account for the measured deficit of 
neutrinos from the sun. The interpretation 
of the experiments so far reported is 
however both uncertain and controversial. 
Plainly we are in for a period of lively 
argument; the hope must be that people 
will now design the experiments that must 
and should be carried out to settle this 
intriguing issue. 

Pauli, in 1932, postulated the existence 
of neutrinos (and antineutrinos) in order to 
explain why beta rays, unlike alpha and 
gamma rays, are not monoenergetic. 
Nuclear beta decay releases a fixed amount 
of energy shared between two light 
particles, an electron and an antineutrino 
(so that n=p+e +v). Pauli’s particles 
were not however ‘seen’ until 1957, when 
Cowan and Reines showed that 
antineutrinos emitted by a nuclear reactor 
produce positrons in a remote detector 
(v+p-e* +n). 

The muon (u) is a charged particle much 
like the electron, but heavier. It is produced 
together with a neutrino in the decay of a 
pion by a process much like nuclear beta 
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decay. In 1962, we learned that neutrinos 
produced with muons (v,) are distinct 
from those produced with electrons (v,) for 
a beam of ‘muon neutrinos’ arising from 
decaying pions was seen to produce muons 
in a detector, but never electrons. Today, 
the electron is known to have an even 
heavier charged sibling called tau (t). It, 
too, seems to have its own kind of neutrino 
(v). 

Experimental study of tritium beta decay 
a decade ago demonstrated that the mass of 
the electron neutrino may be zero and must 
be very small, less than 60 eV/c? or 107?! 
grams'. The mass is at least four orders of 
magnitude less than that of the electron. 
Perhaps all three kinds of neutrinos are 
exactly massless — what could be simpler 
and more elegant? The trouble is that this 
kind of reasoning once led us astray with 
space reflection, time inversion and charge 
conjugation, which have turned out not to 
be symmetries at all. Nature will find her 
own way to elegance. We dare not frame 
laws of nature that have no logical 
necessity. Conservation of energy and of 
electric charge are well founded. Many 
other ‘laws’ are suspect. Protons may not 
live forever, and neutrino masses may be 
merely very small. 

Indeed a recent report from the Institute 
for Theoretical and Experimental Physics 
in Moscow suggests that the mass of the 
electron neutrino is not zero*. Again, the 
beta decay of tritium was studied, because 
it is the least energetic of all beta decays and 
hence the one most sensitive to neutrino 
masses. According to the authors, ‘‘the 
results perhaps give an evidence for the 
existence of the non-zero neutrino mass” 
in the range 14 to 40 eV/c?. This cautious 
conclusion reflects the great difficulty of 
the analysis of the experimental results, for 
the effects of such neutrino masses on the 
observed energy of the electrons are of the 
same order of magnitude as the atomic or 
molecular corrections that must be made. 
Astrophysicists must nevertheless be 
delighted by the Soviet result, since they 
have a problem that neutrino masses of a 
few eV or tens of eV may solve. There is 
more mass in our universe, it seems?, than 
A. De Rijula is at CERN, Geneva and S.L. 


Glashow is Professor of Physics at the Lyman 
Laboratory, Harvard University. 








can be accounted for in known forms of 
matter. This “missing mass problem’ recurs 
at various scales of length — the universe as 
a whole; in the dynamics of clusters, groups 
and pairs of galaxies: and in the massive, 
extended and nor-luminous halos that 
most galaxies are known to have. May this 
missing mass be in the form of neutrinos? 

Cosmological black-body radiation is 
interpreted asa relic of and evidence for the 
primordial big bang. As well as the 
observed electromagnetic radiation, it 
must include neutrinos. Hundreds of 
neutrinos, on the average, must inhabit 
each cubic centimeter of the universe. 
Should the heaviestneutrino have a mass of 
between 5 to 50 eV/c?, these relic neutrinos 
would in toto outweigh the stars. They 
would provide the missing mass, and they 
could bind to galaxies to form their halos. 
The mass in our universe would consist 
mostly of neutrinos, which are so weakly 
interacting that they may be detected only 
by their collective gravitational effects. 

Non-zero neutrino masses imply a new 
phenomenon called neutrino oscillation, 
or neutrino mixing. Bruno Pontecorvo‘, in 
1968, showed that massive neutrinos might 
change their identities in flight. A particle 
which is born as ar electron neutrino in a 
beta decay may periodically behave as if it 
were a muon neutrino or a tau neutrino. 
Suppose that there are three kinds of 
neutrinos and that they are not massless. 
Call them vyp vap and v: the heaviest, the 
middleweight, and the lightweight. The 
crucial point is that v, need not be one of 
these neutrinos. Its wave function may bea 
linear combination of the three, with the 
muon neutrino and the tau neutrino being 
orthogonal combmations of the same 
three. On this picture, neutrinos arising 
from nuclear beta decay are born as 
electron neutrinos but, as time passes, their 
Vi» Yy, and v, components evolve 
differently. As the linear combination 
changes, the beam becomes a mixture of 
electron neutrinos, muon neutrinos and 
tau neutrinos. There will be oscillations of 
neutrino identity wich frequencies that are 
determined by the differences between the 
masses of the neutrinos. These oscillations 
can lead to a variety ôf novel observable 
effects. 

Electron neutrines should be copiously 
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produced by the mechanisms that power 
the sun.“ These solar neutrinos have been 
detected on Earth when they transmute 
chlorine atoms to argon atoms. The 
observed flux of solar neutrinos appears to 
be too small by a factor of about three 
when compared with theoretical 
expectations. There are two popular 
explanations for this ‘solar neutrino 
problem’. One stems from the observation 
that the chlorine experiment is sensitive to 
only a small minority of the solar 
neutrinos, the most energetic. These arise 
from a rare solar nuclear reaction, for 
which the calculation of the solar flux may 
be wrong. Accordingly, it is necessary to 
repeat the experiment with a detector 
sensitive to a broader range of neutrino 
energies. Many tons of such exotic and 
costly materials as gallium or indium are 
needed for this. But the phenomenon of 
neutrino oscillations could provide a more 
intriguing resolution of the solar neutrino 
problem. With maximal neutrino mixing, 
the solar neutrinos may have become an 
equal mix of the three neutrino species by 
the time they have reached the Earth. Since 
the method of detection of solar neutrinos 
is sensitive only to electron neutrinos, the 
apparent flux is thereby reduced to one- 
third. This explanation of the solar 
neutrino deficit requires neutrinos to have 
masses of at least 107° eV and to mix to a 
considerable extent. 

Several recent ground-based 
experiments point in the direction (but do 
not amount to a compelling proof) of 
neutrino oscillations. Two of these 
tentative sets of results must be regarded as 
teasers for the more precise experiments 
that can and must be done. 

Electron antineutrinos (v,) from a 
reactor were observed in a deuterium (d) 
detector eleven meters away’. Two 
reactions induced by the antineutrinos 
were studied, v,+d7n+n+e* and 
v+d>n+p+v. The first is a 
conventional ‘charged current’ weak 
interaction to which only electron 
antineutrinos can contribute. Other 
antineutrinos can make only p> or t*, for 
which there is not enough energy. Thus, the 
first reaction would be inhibited by 
neutrino oscillations. The second reaction 
is a ‘neutral current’ weak interaction 
characteristic of the now accepted 
electroweak theory. It is unaffected by 
neutrino oscillations because the neutral 
currents involve all neutrino species 
equally. The ratio of the number of 
charged-current events to the number of 
neutral-current events is therefore sensitive 
to the existence of neutrino oscillations but 
relatively insensitive to the poorly-known 
flux of antineutrinos from the reactor. 

Reines et al.€ measured this ratio and 
find that it is about half of what one would 
expect with no neutrino oscillations. This 
suggests considerable neutrino mixing and 
neutrino mass splittings of at least 0.5 eV. 
The statistics of the effect are not yet 
convincing, however, and the authors 





cautiously conclude ‘‘... that further 
experimentation with v, at reactors. . 
would be helpful in elucidating the effect 
here observed, as well as experiments at 
accelerators and with cosmic rays.” The 
interpretation of this experiment has been 
criticized by Feynman and Vogel’, who 
have pointed out a possible inconsistency 
between the deuterium experiment and an 
earlier hydrogen experiment by the same 
group done under similar experimental 
conditions. When this inconsistency is 
taken into account, the evidence for 
neutrino oscillations becomes less than 
convincing. The controversy is alive, anda 
revised version of the Reines et al. 
Manuscript is in circulation, 

The second set of data comes from an 
accelerator experiment at CERN with a 
beam of neutrinos expected to consist of 
equal numbers of electron and muon 
neutrinos. These neutrinos are very 
energetic, so that the muon neutrinos may 
interact in the detector to make muons just 
as readily as the electron neutrinos may 
interact to make electrons. If there are no 
neutrino oscillations, one should therefore 
see equal numbers of electrons and muons 
in the detector. The same should be true if 
there are oscillations connecting electron 
and muon neutrinos, since as many v, 
become v, as v, become v,. The Big 
European Bubble Chamber, sitting in this 
neutrino beam, has so far observed about 
20 neutrino-induced events®. Only half as 
many electrons as muons were seen, but the 
Statistics are clearly limited. If the 


Esoteric DNA? 


from Mervyn J. Turner and John S. Cordingley 


ONE of the more esoteric areas within the 
field of mitochondrial DNA research has 
been the study of kinetoplast DNA 
(KDNA). Protozoa of the order 
Kinetoplastida, which includes the 
causative agents of the leishmaniases and 
trypanosomiases, characteristically 
contain a single large mitochondrion 
within which is found the kinetoplast, a 
disc-shaped mass of tightly packed DNA 
spatially associated with the basal body of 
the flagellum. Electron microscopy of 
spread kDNA shows a complex network of 
two kinds of interconnected DNA circles. 
The size of the smaller ‘minicircle’ 
component is species specific, varying 
between 700 and 2,300 base pairs, with 
each network containing about 10,000 
minicircles. Each network also contains up 
to 50 copies of a larger ‘maxicircle’ 
component of up to 35 kilobase pairs. 
RNA transcripts of the maxicircle can be 


Mervyn J. Turner and John S. Cordingley are in 
the MRC Biochemical Parasitology Unit, The 
Moiteno Institute, Cambridge. 
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observations are significant, however, a 
possible explanation is that electron 
neutrinos mix with tau neutrinos. This 
could explain the apparent systematic 
deficit of the electron neutrino component 
in the CERN experiment, in that of Reines 
etal. and in the solar neutrino experiment. 

There are thus several suggestive 
experimental indications that neutrinos 
have mass and do oscillate. None of the 
experiments is beyond question. Yet, such 
results would fit quite well into current 
theoretical developments concerning the 
synthesis of the strong, weak and 
electromagnetic interactions. All of these 
‘grand unified theories’ predict that 
baryon number is violated, so that all 
nuclear matter ultimately decays. Many of 
than also demand that neutrinos have 
mass, but say nothing of what these masses 
are. Particle theorists may not know quite 
what they are doing, but they do feel they 
are on the right track. Positive results from 
proton-decay experiments and from 
neutrino-oscillation experiments will tell us 
much about the nature of the underlying 
theory. For example, a model with 
neutrino masses involves seven more 
measurable parameters than a model with 
massless neutrinos. We need these hints. 
Moreover, proton-decay and neutrino- 
oscillation experiments do not depend 
upon the construction of ever larger 
accelerators. The high-energy frontier is 
certainly of fundamental importance, but 
there is still much to be learned at lesser 
energies. = 


readily detected and this is one of several 
pieces of evidence suggesting that 
maxicircle DNA is equivalent to the 
mitochondrial DNA of other eukaryotes. 

There is no similar consensus on the 
function (if any) of the minicircles. A 
number of laboratories have suggested 
from hybridisation kinetics and restriction 
endonuclease digestion that the minicircles 
within each network are heterogeneous 
with respect to sequence. Using cloned 
minicircles from Trypanosoma brucei, 
Donelson et al. (Plasmid 2, 572; 1979) 
extended these data to show about 25% 
sequence homology between T. brucei 
minicircles. Chen and Donelson (Proc. 
natn, Acad. Sct. U.S.A. TT, 2445; 1980) 
now report the complete sequences of two 
cloned T, brucei minicircles, each of about 
1,000 base pairs. The two molecules share 
about 12% homology within a nearly 
continuous stretch, and another 15% 
scattered randomly throughout the rest of 
the two sequences, thus confirming the 
prediction of about 25% homology. 

Does this bring us any closer to an 
understanding of the function of the 
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minicircle? Fouts and Wolstenholme 
(Nucl. Acids Res. 6, 3785; 1979) found an 
RNA transcript of 240 bases from 
minicircles of Crithidia acanthocephali, 
: but as yet no such transcript has been found 
in 7. brucei. Intriguingly, there are 
potential coding transcripts of comparable 
size in each minicircle sequence, and in 
each case such potential transcripts begin 
within the 12% of continuous sequence 
homology. Circumstantial evidence 
suggests that this 12% homology is 
conserved within all minicircles of T. 
brucei, since it has been reported that the 
restriction endonulease Taq | cleaves all T. 
brucei minicircles and a recognition 
sequence for this enzyme is found within 
the 12% homology (the only Taq | site in 
one of the KDNA sequences). There are no 
obvious origins of replication in the KDNA 
sequences, which are characterised by a 
distinct lack of palindromes and inverted 
repeats. Outside the 12% continuous 
homology, the sequences are remarkably 
A-T rich (77%), perhaps analogous 
to the high A-T content in non-coding 





regions of other mitochondrial genomes. 

These data leave open the question of 
minicircle function. Possible suggested 
functions for the kinetoplast, some more 
far-fetched than others, have included a 
structural role at the base of the flagellum; 
a means of segregating maxicircles equally 
at division; a repository of transposons; 
and an involvement in the control of 
antigenic variation or other gene 
expression. 

Minicircles have many features in 
common with satellite and repetitive DNA 
in other systems. In addition to the 
presence of multiple copies, they possess a 
buoyant density distinct from the nuclear 
DNA and show internal repeats and 
sequence divergence. This feature is 
particularly obvious in T. cruzi minicircles, 
which appear to comprise four tandem 
repeats of a related sequence (Leon et al. 
Biochem. Biophys. Acta 607, 221;1980). 
Thus, having no demonstrated 
phenotypic effect, one may speculate that 
minicircles are an example of 
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Can genes choose habitats? 


from J.S. Jones 


ALTHOUGH the history of evolutionary 
genetics is largely a tale of attempts to 
explain genetic variation there is no 
consensus of opinion as to the evolutionary 
forces involved. One possibility is that 
variation is promoted by the complexity of 
the environment; if one allele is favoured in 
one microhabitat and its alternatives in 
others, then natural selection within the 
population could maintain genetic 
variation. 

There are a number of convincing 
instances of an association between the 
genetic diversity of a population and the 
ecological complexity of its habitat. In the 
genus Drosophila, for example, species 
living in the complex environment of a 
tropical forest have up to ten times as many 
chromosome inversions as those living in 
simpler habitats such as deserts or offshore 
islands'. Again, studies of populations of 
Drosophila willistoni show there is a clear 
relationship between the extent of 
chromosome polymorphism and the floral 
diversity of the environment2. 

Since the first attempts to provide a 
theoretical basis for these effects were 
made by Levene?, many mathematical 
models of natural selection in 
heterogenous environments‘ have been put 
forward. In a recent paper, however, 
Maynard Smith and Hoekstra‘ show that 
most of these models are limited in their 
usefulness; only under certain very specific 
conditions of the relative fitness of each 
allele in each ecological riche can they 





J.S. Jones is in the Department of Genetics and 
Biometry, University College, London. 
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maintain polymorphism. They therefore 
have little more value as a general 
explanation of genetic variation than do 
the older theories in which heterozygotes 
have an overall advantage over 
homozygotes®. 

However, models of natural selection in 
complex environments become much more 
powerful if individuals of different 
genotypes are able to select the niche in 
which they are most fit’. Habitat choices 
linked to genetic differences have now been 
found for a variety of genetic polymor- 
phisms. 

The early experiments of Kettlewell in 
which melanic and non-melanic Biston 
betularia were released into a barrel 
painted with black and white stripes 
showed that the moths chose resting sites 
against which they were best camouflaged. 
This kind of experiment has now been 
extended to other species and to natural 
populations’. Anolis lizards in the 
Caribbean show a polymorphism related to 
camouflage in which the different morphs 
choose the appropriate habitat; unstriped 
individuals spend most of their time on the 
ground, while those with stripes prefer to 
live in the bushes in which they are best 
concealed’. Taylor and Powell'®, working 
in the Sierra Nevada mountains of 
California in a locality which has a mosaic 
of woodland and open habitats, marked D. 
persimilis captured from the various 
habitats with fluorescent dusts, When they 
released them into the wild the flies showed 
a strong tendency to return to a habitat 
similar to the one in which they were first 
captured. This behaviour is associated with 
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local differences in the frequencies of: 
chromosome inversions. : 

Habitat selection is also involved in the 
chromosomal variation of the mosquito: 
Anopheles arcbiensis''; in Nigeria. 
mosquitos possessing certain inversions are 
more likely to rest indoors (and hence to, 
bite humans) tham are others from the same: 
population with a different chromosome: 
constitution. However, not all inversion. 
polymorphisms tvolve habitat selection. 
Atkinson and Milleri? find no evidence’ 
that D. subobscura from particular 
habitats tend te return to them. This. 
contrasts with D. persimilis but may be 
related to the evolutionary inflexibility of 
subobscura’s inversion polymorphism, 
which shows few geographic or temporal 
trends. 

Nearly all animals are highly variable for. 
the genes controlling soluble enzymes. 
Remarkably, there is now evidence that: 
individuals with different genotypes for 
certain enzymes may select a habitat which 
increases their fitness. The freshwater 
isopod Asellus aquaticus lives on decaying: 
leaves and is polymorphic at an amylase. 
locus. Homozygctes for one of the amylase 
alleles select willow when given a choice 
between willow amd beech in the laboratory. 
to a much greater extent than do the other. 
genotypes!*. This is reflected in local. 
differences in gene frequency in ponds. 
containing both types of leaf. The alcohol 
dehydrogenase polymorphism of D.: 
melanogaster is the most extensively 
studied of all enzyme polymorphisms. 
When larvae are placed at a junction 
between medium containing 17% ethanol: 
and medium without ethanol, those 
homozygous for the Adh” allele tend to 
move onto the alcohol medium; Adh°: 
homozygotes show no _ habitat. 
preference'*. This behaviour is related to 
the higher activity of Adh" in metabolising , 
ethanol and to the selective advantage 
conferred on flies bearing this allele when! 
faced with an aleohol stress!*. Clearly, a 
general tendency for animals of different _ 
enzyme genotype to select the ecological | 
niche to which they are biochemically most : 
suited might help to answer the vexed , 
question of why there isso much molecular - 
polymorphism in natural populations. 

The theory of sympatric speciation ==: — 
that a single species may split into two - 
reproductively isolated populations . 
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without complete geographic isolation — 
has been put forward and discredited so 
often that Mayr has compared it to the 
Hydra which grew nine heads whenever 
one was struck off. Habitat selection 
might, nevertheless, lead to the genetic 
division of a population if the different 
genotypes mate within the micro-habitats 
which they have chosen. The most 
convincing examples of this are found in 
insects which parasitise plants and which 
have strong host-plant fidelity'®. In 
Wisconsin the introduced hawthorn fly 
Rhagoletis pomonella showed a sudden — 
and presumably genetic — habitat 
extension to apples in 1864 and to cherries 
in 1960. These populations are now 
partially reproductively isolated from each 


mmen 


other so that at least the early stages of 
speciation have been completed. How 
widespread this mechanism is remains to be 
seen. 

Most new ideas in evolutionary biology 
can be traced directly to the writings of 
Charles Darwin and habitat selection is no 
exception. In the Origin of Species he 
wrote: ‘‘The more diversified the 
descendents from any one species 
become . . ., by so much will they be better 
able to seize on many and widely diversified 
places in the polity of nature and so be 
enabled to increase in numbers.’’ With 
evidence that choice behaviour may play a 
part even in molecular evolution, Darwin's 
suggestion is at last receiving the attention 


oot 


which it deserves. C 


Switching on the muscle genes 


from Harriet Harris 


THE differentiation of muscle fibres from 
precursor myoblasts is accompanied by 
particularly striking changes in cellular 
morphology and function. Myoblasts are 
developmentally committed cells, but 
mononucleate and lacking the biochemical 
and structural attributes of muscle. 
Myofibre differentiation proceeds by 
fusion of myoblasts into long, 
multinucleate myotubes, and this is 
accompanied by pronounced changes in 
the pattern of protein synthesis, most 
notably a several hundred-fold increase 
(Devlin & Emerson Cell 13, 599; 1978) in 
the synthesis of actin, myosin and other 
myofilament proteins which assemble into 
sarcomeres. After some days, cultured 
myotubes are contractile and resemble 
terminally differentiated muscle fibres. 

A central question concerning the 
mechanism of differentiation in this, or 
any, system, is how, and at what level are 
changes in gene expression regulated? Are 
the changes in protein synthesis a direct 
reflection of changes in the transcription of 
genomic DNA into RNA, or are there 
additional controls at the post-trans- 
criptional level, that is, the processing of 
nuclear RNA into cytoplasmic messenger 
and its translation into protein? The 
answer may not be simple: multiple modes 
of regulation are indicated for muscle by a 
quantitative study by Devling and Emerson 
(op. cit.) on the pattern of post-fusion 
protein synthesis. Interestingly, expression 
of the major muscle proteins myosin 
(heavy and light chains), troponin and 
tropomyosin appears to be coordinately 
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regulated, but a number of other muscle- 
specific, but mainly unidentified 
polypeptides exhibit different patterns of 
expression. Actin and myosin synthesis 
have, however, attracted the most 
attention and in the past, both trans- 
criptional and post-transcriptional control 
mechanisms have been invoked to account 
for the immense proliferation of muscle 
myosin on cell fusion. More recent bioche- 
mical work (Strohman et al. Cell 10, 265; 
1977) and in situ hybridization experiments 
(John et al. Cell 12, 501; 1977) on myosin 
mRNA show that, although some myosin 
message is present in prefusion myoblasts, 
the amount is greatly amplified in 
myotubes. This argues against the 
existance of a pool of stored message, but is 
consistent with either an increase in trans- 
cription on fusion, or an increase in the 
stability of message, as proposed by 
Buckingham et al. (Proc. natn. Acad. Sci. 
U.S.A. T1, 1466; 1974). 

An account of a much broader attack on 
the whole area of gene expression in muscle 
differentiation is given in two recent papers 


from Gros’ laboratory at the Institut. 


Pasteur (Affara et al. J. mol. Biol. 141, 
441; 1980; Affara et al. J. mol. Biol. 141, 
459; 1980). These describe experiments to 
monitor changes occurring during diffe- 
rentiation in the widest possible range of 
gene products, at three levels: in 
the nuclear RNA (nRNA), that is, at 
the level of transcription, in the cyto- 
plasmic mRNA population and in the 
pattern of polypeptides synthesized. 
Cultured cells representing three different 
stages in mammalian myogenesis were em- 
ployed in this study: an undifferentiated 
mouse embryonal carcinoma cell line, a 
mouse teratocarcinoma-derived myoblast 
cell line and myotubes formed in vitro. To 
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compare the complexity of transcribed 
sequences at each stage of differentiation, 
Affara et al, hybridized excess total nRNA 
from each type of cell (undifferentiated, 
myoblast and myotube) to single-copy 
mouse DNA. The committed cells 
(myoblast and myotube) showed a 30% in- 
crease in the extent of hybridization over 
the carcinoma cells, implying that new 
DNA sequences are transcribed at this 
stage. The cytoplasmic MRNA (polysomal, 
poly A-containing mRNA) populations at 
each stage of differentiation were com- 
pared by hybridization experiments using 
complementary DNA (cDNA) probes for 
the mRNA from each cell type. It was thus 
shown that, although most mRNA 
sequences found in undifferentiated cells 
are still present in myoblasts and 
myotubes, at each stage in differentiation 
a new set of mRNAs enters the polysomes. 
Is the appearance of these messages under 
transcriptional control? cDNA probes 
enriched for myotube-specific sequences, 
or those common only to myoblasts and 
myotubes, were used to search for these 
sequences in nRNA. The results suggest 
that RNA found specifically in the 
polysomes of differentiated cells is absent 
from the nRNA of undifferentiated cells, 
implying that, in these cells, the corres- 
ponding genes are not transcribed. This 
conclusion was supported by testing the 
susceptibility of common and myotube 
mRNA-specific sequences in chromatin to 
nuclease attack; unexpressed genes are 
expected to show greater resistance than 
those transcribed (Weintraub & Groudine 
Science 193, 848; 1976). Such an increased 
resistance was indeed found for myotube- 
specific genes in carcinoma cell chromatin, 
but not in myotube chromatin. It thus 
appears that the presence of new messages 
in the polysomes of myoblasts and 
myotubes is regulated at the level of tras- 
cription. However, because some RNA 
sequences common to myoblasts and 
myotubes, and present in similar amounts 
in the nuclei of both show increased 
abundance in myotube cytoplasm, the 
authors suggest that post-transcriptional 
factors may modulate the quantities of 
some polysomal mRNAs. 

The next question addressed by Affara et 
al. is whether the new group of mRNAs 
which appear in the cytoplasm of myotubes 
are indeed translated, and whether they 
code for identifiable, muscle-specific 
proteins. The set of myotube-specific 
messages was purified by a hybridization 
technique and translated in vitro. Many of 
the polypeptides produced correspond to 
new proteins synthesized by myotubes i 
vivo. These included, most rewardingly, 
myosin light chains, muscle actin and 
troponin as major components, thus 
confirming that the expression of these 
proteins is regulated by the appearance of 
specific, new messages at cell fusion. 

There are still some flaws in the 
experimental system of Affara and 
colleagues. Limitations in analytical 
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technique (the cDNA probes are not pure; 
certain messages may not be efficiently 
franslated in vitro) make it difficult to trace 
the expression of any particular gene from 
transcription to translation with any 
confidence. An increase in experimental 
resolution will be required to distinguish 
the relative contributions of transcription 
and message stability to the rate-of 
synthesis. of specific proteins. A further 
‘criticism concerns the validity of the 
teratocarcinoma cell line as a model for 
normal muscle development. piheus 
t 


we 


most of the identified muscle-specific 
polypeptides produced by the myotubes 
were characteristic of fast skeletal muscle, 
the authors also noted production of 
embryonic myosin light chain and’ slow 
muscle .troponin’ Ç, which implies that 
there are aberrations in the regulatory 
mechanisms of these cells. However, it is to 
be hoped that the experimental approach 
outlined in these. papers will lay the 
foundations for a more’ detailed 
understanding of the mechanisms of 


myogenesis. + E 


Multiphoton ionization 
interference effects 


from Peter Knight 
DIFFERENCES between results and theory in 
multiphoton ionization experiments seem 
to -have been resolved by a recent 
experiment of the Saclay group (Morellec 
etal, Phys Rev. Lett. 44, 1394; 1980). 
.The ionization of atoms by the 
simultaneous absorption of several 
‘photons from an intense laser field: has 
been the subject of intensive investigation 
recently, spurred on in part by the potential 
application to isotope separation. 
However, experiments and theory have 
been disagreeing by up to four orders of 
magnitude (Nature 270, 561; 1977) even for 
the simplest example of non-resonant two- 
photon ionization of a simple alkali such as 
caesium. Calculations employing second- 
order perturbation theory. all agree in 
_ predicting a deep interference minimum in 
the two-photon ionization cross-section of 
caesium at pHbton energies between 2.3 
and 2.6 eV arising from cancellations of 6p 
and 7p intermediate state contributions. 
Experiments of Van der Wiel and 
_ colleagues (J. Phys. B8, 1617; 1975) saw no 
such minimum; and their observed cross- 
sections were four orders of magnitude 
greater than expected from theory. Several 
attempts have since been made to explain 
‘this anomaly and the experiment of 
Morellec et al. seem to have resolved the 
problem by using a very much more intense 
‘laser than that of Vander Wiel. . _ 
_ Most workers in the field have suspected 
that an explanation of the discrepancy 
between theory and experiment was 
connected with the: presence of a small 
number of alkali dimer molecules’ in the 
atomic beam target. To find the 
interference ‘minimum is difficult 
experimentally: the atomic cross-section is 
(obviously) very small. On the other hand 
caesium molecules can ionize and produce 
a detector signal very easily in the 
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_ wavelength range where the- predicted 


atomic minimum should occur, since they 
possess many intermediate levels at the 
appropriate energies and can be 
reasonantly ionized. The molecules are in 
fact so easy to ionize that they can 
dominate the ionization rate even if their 
concentration is very low (a few percent) of 


-the atomic concentration. Van der Wiel 


and his coworker did attempt to isolate and 
eliminate molecular contributions yet still 
found their anomalously high cross- 
sections survived. 

The Saclay group have now attacked the 
dimer problem in two ways. First, they 
work at much higher intensities than Van 
der Wiel using a three-stage oscillator- 


Two-photon ionization cross-section of Cs 
atoms as a function of photon energy and laser 
wavelength (from Morellec ef al. Phys Rev. 
Lett, 44, 1396; 1980). Triangles: experimental 


. points of Van der Wiel normalized to new 


photoionization cross-sections; circles: 
tal points of Morellec et al.; curves a, 


experimen 
- band care perturbative calculations noted in the 


text; curve d is a theoretical result incorporating 
laser bafdwidths in a RS model of 
Armstrong and Eberly. 





26 27 
iay.: ‘ 


3 24 25 — 
PHOTON ENERGY 


159 


amplifier dye laser pumped by the second- 
harmonic of a ruby laser. Their 
experiments could then be carried out using 
laser intensities of 10!° W/cm? compared 
with 10° W/cm? of Van der Wiel. Under 
such circumstances the resonant molecular 
ionization signal is saturated and is 
proportional'to the intensity whereas the 
unsaturated atomic signal depends 
quadratically on the laser intensity and is 
easily distinguished from the molecular 
background. Secondly, the Saclay group 
performed their experiment with and 
without a caesium atomic beam 
superheater which efficiently dissoclates 
dimers, and clearly see a reduction in the 
molecular component by more than an 
order of magnitude when the superheater is 
used. Using these two improvements 
together results in the atomic signal 
dominating the unwanted molecular signal 
in the 10-20 GW /cm? laser intensity range. 

The Saclay results for the ionization 
count are converted into a value for the 
two-photon generalized cross-section o 
taking into account well-known 
multimode coherence effects. Their results 
for œ are shown in the figure and compared 
with earlier results of Van der Wiel and 
various theroetical values. It is clear that 
the expected ionization minimum has been 
observed, with a reduction by two orders of 
magnitude in o, in going from photon 
energies of 2.3 to 2.58 eV, and then a huge 
increase as the photon energy approaches 
the 7p,, intermediiate-state resonance. 
Curves a, b and c are all derived from 
second-order perturbation theory using 
different atomic calculational methods: 
curve a is due to Bebb (Phys. Rev. 149, 26; 
1966), curve bto Teague et al. (Phys. Rev. 
Al4, 1057; 1976) and c to Rachman et al. 
(Phys. Lett. 68A, 433; 1978). These 
second-order perturbative theories are in 
quite good agreement with each other and 
with the Saclay data, and disagree with the 
data of Van der Wiel ef al. Curve d in the 
figure, due to:Armstrong and Eberly (J. 
Phys. B12, L291; 1979), although agreeing 
with Van der Wiel’ s data, disagrees with 
the new results and the second-order 
theoretical results. Curve d is obtained by 
incorporating laser fluctuations into the 
ionization dynamics in a first 
approximation using a phase-diffusion 
model of the laser bandwidth. This clearly 
exaggerates the laser bandwidth in the 
wings of the laser line and over-emphasises 
fluctuations in a way anticipated by 
Armstrong and Eberly who are currently 
working on improved laser-bandwidth 


‘models. The conclusion is that for the 


system studied by the Saclay group, 
second-order perturbation theory is 
adequate, that the interference minimum is 
Observed once precautions are taken to 
eliminate molecular background, and that 
the earlier experiments at lower intensity 
were probably limited by this molecular 
background. It looks as if the non-resonant 
multiphoton ionization of simple atoms is 
now fairly well understood. - O 
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The source of cells for regeneration 


from J.M. W. Slack 

A solution to the long standing problem of 
the source of cells for regeneration has been 
brought nearer by recent studies on 
planaria and the amphibian limb. The 
experiments use two techniques: X 
radiation doses which can inhibit cell 
division and regeneration without killing 
the tissues, and markers which allow the 
fate of cell populations to be followed. 

Both planaria and the limb undergo 
‘epimorphic’ regeneration in which a 
blastema consisting of cells which are 
visibly undifferentiated and 
indistinguishable from one another is 
formed at the wound site. The blastema 
cells first proliferate and then differentiate 
to reform the missing body part containing 
several different cell types. 

The key questions are:— (1) Is the 
blastema formed (a) from cells drawn from 
all parts of the body, or (b) from tissues 
local to the wound? (2) Is the regenerate 
formed (a) by the de novo differentiation 
of reserve cells, or (b) by dedifferentiation 
and redifferentiation of functional tissue 
cells? (3) Is the blastema (a) a mixture of 
cells pre-committed to differentiate into 
particular cell types, or (b) composed of 
similar pluripotent cells able to become any 
of the cell types in the regenerate? 

Although the questions are logically inde- 
pendent the discussion usually becomes pola- 
rised into an argument of ‘neoblasts versus 
metaplasia’. ‘Neoblast’ is a term often used 
to indicate small basophilic cells present in 
planaria and other organisms, or 
sometimes in a special sense to indicate 
mobile pluripotential cells reserved for 
regeneration. ‘Metaplasia’ is the 
dedifferentiation of functiona: cells 
followed by redifferentiation of the cells or 
their progeny into a different histological 
type — for example transformation from 
myotube to chondrocyte. The ‘neoblast 
versus metaplasia’ argument thus 
corresponds to options la, 2a and 3b versus 
options 1b, 2b and 3b. Although the 
controversy has become fixed in this 
dichotomy, it must be remembered that 
other combinations of answers to the three 
questions are also possible. 
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Planaria can regenerate from either an 
anterior or a posterior cut surface and 
contain scattered small basophilic cells 
which have been called neoblasts by many 
authors. Early experiments! showed that 
regeneration could be prevented by 
X-irradiation, but if the worm contained 
an unirradiated portion (either a shielded 
region or an unirradiated graft) then it 
could regenerate fully, even when the 
healthy portion was some distance from 
the level of amputation. The time taken for 
regeneration to begin increases with this 
distance and correlates with migration of 
the neoblasts through the intervening 
tissue. 

This showed that a blastema can be 
formed from migratory cells and is capable 
of forming all the tissues of the regenerate. 
However, it did not exclude the possibility 
that the migratory cells were formed by 
dedifferentiation, or that in unirradiated 
worms differentiated tissues local to the 
wound can also contribute to the blastema. 
Indeed, histological and electron 
microscopic studies suggest that local 
dedifferentiation does occur’. 

Now studies have been published’~ on 
the regeneration of a strain of planaria which 
are naturally occurring mosaics: the 
somatic cells are triploid, the cells of the 
male germ line are diploid and the cells of 
the female germ line are hexaploid. 
Regeneration from the gonadless regions 
gives rise to worms whose somatic tissues 
consist wholly of triploid cells, whilst 
regeneration from a cut surface through 
the gonadal region gives rise to blastemas 
and regenererates containing some diploid 
and/or hexaploid cells. Of particular 
significance is that myotubes with diploid 
nuclei were found in the muscle of the 
regerated pharynx®. If germ cells and their 
precursors are accepted as bona fide 
differentiated cells then metaplasia has 
clearly occurred by the sequence: germ 
cell> blastema cell muscle cell. 
However, it could be argued that the germ 
cells are a special case because in other 
circumstances they may exhibit 
pluripotency without passing through a 
sexual cycle, for example in mammalian 
teratocarcinoma. This objection might be 
overcome by building up stocks of worms 


Cell types found in regenerates formed from grafts of particular tissues. 


Grafted Tissue 


ectodermally 
derived 
cell types in 


regenerate: epidermis 
epidermal + 
myotube — 
chondrocyte — 


mesodermally 
derived 
dermis muscle cartilage nerve (sheath) 
+ + ? + 
+ + + + 
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whose somatic tissues are of an unusual 
ploidy so that metaplasia between different 
somatic tissues can be looked for. 

Many species of urodele amphibia will 
regenerate limbs after amputation. The 
limb contains no small basophilic cells and 
the histology of the blastema suggests 
formation by dedifferentiation of muscle, 
cartilage and connective tissue. 
Amputation through a small X-irradiated 
region does not result in regeneration even 
when the remainder of the limb and the rest 
of the animal is unirradiated’ so, in 
contrast to the planaria, it seems that a 
blastema cannot be formed without the 
participation of tissues local to the wound. 

Recently studies on metaplasia have 
been carried out using axolotl tissues 
labelled by tritiated thymidine and 
triploidy®-!° or pigmentation and allogenic 
differences leading to graft rejection? btt, 
Grafts of a particular marked tissue into an 
X-irradiated limb followed by amputation 
of the limb through the graft leads to the 
formation of a regenerate wholly 
composed of graft-derived cells, confirmed 
by the retention of the marker in the 
various cell types. The irradiated 
background tissue is necessary because 
although it does not contribute any cells to 
the regenerate it does contribute pattern 
information without which few structures 
are formed from a small graft)’. 

The results are summarised in the Table 


below. It is clear that there is extensive meta- 


plasia between the different internal tissues, 
which are all derived from the mesoderm of 
the embryo. However, epidermis never 
contributes to the internal tissues and vice 
versa, indicating the existence of a lineage 
restriction between tissues of different 
embryological origin. 

So although there may be some 
restrictions on the possible inter- 
conversions, there is now good evidence 
from both planaria and the amphibian limb 
that some functional cell types can 
dedifferentiate and that their progeny can 
appear in the regenerate as different 
histological types. These results should be 
taken seriously by those who advocate 
theories of cellular differentiation based on 
irreversible events such as the chemical 


modification or rearrangement of DNA. 
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A glacial relict mollusc 


from B. Coles* and B. Colville 


THE molluse Vertigo genesii (Gredler), 
thought to be extinct in Britain, has been 
found living in the Upper Teesdale 
National Reserve. V. genesii has a 
scattered distribution in Boreal and 
Arctic Europe where it lives in base-rich 
flushes of montane character?* and is 
common in British deposits of late-glacial 
age (12,500 — 10,000 gP)“ £. 

The Upper Teesdale National Nature 
Reserve, UK, is well known for its 
exceptional flora, including a relict 
l. For asummary of the natural history of Upper Teesdale 
see:— Clapham, A.R. Ed., Upper Teesdale, Collins, 
London (1978). 

See Coulson, J.N. in chapter 8 of ref. 1. 
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arctic-alpine element.' A similar faunal 
element has not been recognised although 
the Reserve contains invertebrates of rare 
occurrence in Britain.* The specimens 
were found, alive, in tufts of Carex 
demissa Hornem. (agg.) in the open parts 
of base-rich flushes on Widdybank Fell 
(450 m) in May 1979; their presence was 
confirmed in July of the same year. 
Mollusca associated with V. genesii 
were:— Lymnaea truncatula L., 
Succinea pfeifferi (Rossmassler) and 
Nesovitrea hammonis (Ström). Plants 
present were:— Armeria maritima 
Willd., Plantago maritima L., Juncus 
triglumis L., Kobresia simpliciuscula 
(Wahlen.), Carex demissa Hornem. 
(agg.), C. panicea L. and Equisetum 
variegatum Web. & Mohr. Minuartia 
stricta Hiern (which is probably the most 
notable plant of the Teesdale flushes, 
Teesdale being its only station outside the 
arctic circle) was not found at this site 
but the flush is otherwise typical of areas 
in Upper Teesdale where an arctic-alpine 
flora occurs. The occurrence of V. genesii 
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Vertigo genesii 


in Upper Teesdale and its association 
with the relict anctic-alpine flora agrees 
well with the Eurepean distribution of the 
Species. It is moteworthy that the 
associated Mollusca in Upper Teesdale 
were also common associates of V. 
genesiiin the late-glacial. 


Sign, symbol and syntax in the language of apes 


from Brendan O. McGonigle 


TERRACE’S! recent criticism of evidence 
Suggesting that apes can master ‘“‘the 
conversational, semantic, or syntactic 
organization of language’’ has 
intensified a controversy spanning a 
century of speculation by primatologists. 
In the 19th century, several determined 
attempts were made to teach apes to talk 
but they were largely unsuccessful, only a few 
words being mastered by some animals. 
Later, Yerkes? identified part of the 
problem as the medium of communication. 
Apes would not mimic what they heard; 
instead their powers of imitation were 
heavily dependent on vision. Impressed by 
their intelligence, especially as a result of 
Köhler’s now classic studies of insightful 
behaviour by chimpanzees’, Yerkes 
suggested that apes ‘‘might be taught to use 
their fingers, somewhat as does the deaf 
and dumb person, and thus helped to 
acquire a simple, non-vocal ‘sign 
language’ ”’, 

More than 40 years later this suggestion 
was put to the test* when a young 
chimpanzee, Washoe, was trained by the 
Gardners on a form of manual-visual 
communication claimed to be a version of 
American sign language (ASL). By the 
third year of the project, Washoe had 
acquired a stable repertoire of some 85 
signs of which a number were used in two 
sign combinations in a manner compatible 
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with that reported for children*. In 
addition, Washoe invented a number of 
signs of her own. A striking case was bib 
whose ASL equivalent was not known to 
her trainers when it was first introduced 
(appropriately) by the chimp. In later tests 
the Gardners monitored Washoe’s 
capacity to answer ‘wh’ questions (who, 
what, where, whose) the production of 
which constitutes the first evidence that 
children have grammatical competence’. 
With various simplification procedures for 
analysing their data (now contentious) the 
Gardners found that the question frames 
exerted a very high control over the replies 
as indexed by the grammatical 
appropriateness of the answers. In carrying 
out the tests the Gardners relied on 
productive (making the chimp formulate a 
reply in terms not given in the question) 
rather than comprehension tests which 
“effectively eliminates the problem of 
clever Hans cueing’’. 

Despite its apparent scientific rigour, the 
work has had its critics. In a recent attack, 
Seidenberg and Petitto® claim that 
Washoe’s signing does not resemble 
signing in ASL in any important way. 
Instead, they allege that a large proportion 
of ape signs can be interpreted without any 
special knowledge of apes or ASL and form 
part of a repertoire of unlearnt gestures. 
These authors also challenge the Gardners’ 
method of simplifying or reducing the 
replies of Washoe to ‘wh’ questions before 
reporting them. Amongst those deleted 








were signs which were repetitious of those 
in a question and signs which were repeated 
during a reply. The effect is to trim a 
response such as you me you oul me to you 
me thus giving the utterance a more 
humanlike form — a possibly serious 
distortion in their view. By contrast, 
children in the early stages of language 
acquisition ‘“‘typically produce utterances 
which are reduced relative to the 
corresponding adult forms, leading to the 
characterization of their speech as 
telegraphic”. 

Terrace and ħis associates have also 
found evidence for redundancy in the 
signing of their chimpanzee Nim, trained 
like Washoe in what is in fact Pidgin Sign 
English (PSE). Some utterances contained 
as many as 16 signs issued in *‘a striking, 
redundant, recursive string’’. In analysing 
the relationship between 2, 3, and 4 sign 
combinations, moreover, Terrace has 
found a major difference between Nim and 
children. When making longer utterances 
the child deletes repeated elements and 
expands on the information given in the 
Shorter utterance. By contrast Nim's 
additions to the two sign utterances tended 
to be redundant, for example, ‘‘play me”’, 
‘“‘play me Nim’’ or repetitious, for 
example, ‘‘eat Nim eat’. Terrace suggests 
that the purpose cf three sign combinations 
by Nim is to add emphasis rather than 
convey new information. 

The really significant findings in 
the report by Terrace ef al. which 
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indicate that Nim has little language ability 
are the following. (i) An increase in 
vocabulary to 125 signs during the course 
of the training programme did not result in 
a related expansion in the mean length of 
utterance (MLU). This remained fairly 
stable over the course of the programme. 
(ii) There was little originality in Nim’s 
utterances. A high percentage (87%) were 
classifiable as ‘adjacent’ (i.e. following the 
teacher’s utterance without a definite 
pause) and a large percentage of these (~ 
40%) were either imitations or ‘reductions’ 
(containing some of the utterances of the 
teacher and nothing else). (iii) Nim showed 
little evidence of the ‘turn-taking’ strategy 
which characterizes human conversation. 
Instead a large majority of his signs 
overlapped with those of his teachers — 
most of them interruptions which could 
not be construed as attempts to ‘take the 
floor’. 

To check that Nim was not an atypical 
case, Terrace ef al. have analysed two films 
of Washoe which also include signing 
behaviour by Ally (Nim’s full brother) and 
Koko, a gorilla’. Their analysis shows they 
claim that ‘‘Washoe’s utterances were 
adjacent and imitative of her teachers’ 
utterances... ninety-two percent of 
Ally’s, and all of Koko’s, signs were signed 
by the teacher immediately before Ally and 
Koko signed’’. 

The Gardners hotly deny that Terrace’s 
analysis is accurate, claiming instead that 
single frame and slow-play analyses 
misrepresent and distort the record. They 
also draw attention to the fact that Washoe 
frequently signed to herself when she was 
unaware of an observer, or when looking at 
pictures in magazines’. As things stand it 
will be some time before the technical and 
the statistical issues raised by Terrace’s 
analysis can be resolved. 

One conclusion which does emerge, 
however, is that where there is suspicion 
that some of an ape’s signs are merely 
imitative of an earlier use in the same test by 
the teacher, the use of syntactic criteria 
including word order may reduce the 
danger of ‘over-attribution’ by the 
experimenter. To use these criteria it would 
be necessary to establish that the 
constituents of any utterance had 
particular meanings when presented in 
isolation, that signs in different linear 
combinations had different meanings, and 
that each order structure is not specific toa 
unique combination of signs. So far none 
of the chimpanzee language projects 
appear to have met all of these criteria — at 
least within the same study. Premack®, who 
trained a chimp, Sarah, using an artificial 
language based on plastic symbols claims 
that ‘‘chimps can be taught word order but 
only with explicit training... ’’. He 
found no evidence that Sarah could 
produce structural innovations, although 
he claims she conyerted the trainer’s 
(production) order of symbols and 
‘produced sentences by systematic 
rearrangement ...’’. On this latter point, 


however, he offers no evidence. As for 
word understanding, the use of too few 
alternatives in the tests employed 
frequently leads to ambiguity as to what the 
chimp has understood. (For instance, the 
preposition on was taught in isolation such 
that word order was always a simple clue to 
the subject-object relationship specified. It 
would not have been had this preposition 
been contrasted with under). 

Stronger evidence for grammatical 
competence comes from Project Lana? 
where chimps have been trained to use 
lexigrams from a language called Yerkish. 
A computer monitors the productions of 
the subject — achieved by depressing keys 
—— which must conform to the rules of a 
correlational grammar before any requests 
can be honoured, e.g. Please machine give 
chow period. The words please and period 
are fixed features of the sentence frame to 
enable the computer to determine the 
beginning and the end of an utterance. 
Examination of the performance of the 
subject Lana over one month of training 
revealed that she composed on her 
keyboard ‘‘76 strings of 6 lexigrams that 
were grammatical sentences and that did 
not figure in any training programme, 
whereas during the same period she 
produced only 71, 6-lexigram strings that 
were ungrammatical’’!°. Clearly there is 
evidence here of innovation. However, the 
analysis did not include consideration of 
the communicative or the contextual 
appropriateness of these grammatical 
strings and it seems likely that not all of the 
constituent lexigrams in the strings carried 
an independent meaning for Lana. For 
example, please is an invariant feature of a 
sentence frame necessary to get the 
computer to accept a message. It is 
improbable, as Seidenberg and Petitto® 
point out, that the appropriate depression 
of this key suggests that the ape has a sense 
of politesse. More recent work on this 
project has shown, furthermore, that apes 
begin to use individual lexigrams as 
referents for objects and actions after they 
are able to produce ordered sequences of 
them to produce food. The apparent 
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ordering of signs must be rigorously 
analysed to determine the extent to which 
the sequences are controlled simply by 
lexical order rules independent of their 
(constituent) meaning. 

Issues of syntax apart, it seems pertinent 
to ask what apes tutored in these various 
‘languages’ have revealed about their 
mentation which could not be inferred 
from other aspects of their behaviour. The 
results thus far are ambivalent. On the one 
hand the content of ape language merely 
reaffirms the narrow incentive range within 
which the chimp seems to operate in 
laboratory situations. His favourite words 
seem to be those which invite the listener to 
donate food or drink, or which command 
attention (although this pattern may 
change when more work is carried out with 
mature subjects). On the other hand, the 
restrictions on semantic role which Terrace 
describes in the case of Nim (indexed by a 
marked restriction on the range of agents 
and beneficiaries, e.g. NIM, me, you and 
the names of other animates) are 
symptomatic perhaps of an egocentric 
form of thought — a characteristic of early 
stages of child development according to 
Piaget — not easily revealed by non-verbal 
tests. The response of apes to attempts to 
teach them the spatio-temporal 
conventions for reference to objects and 
events outside the immediate context of 


utterance should provide further 
important clues to the cognitive 
resources available to these enigmatic 
primates. C 
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100 years ago 
HUMAN HYBERNATION 


In the Transactions of the Royal Society Dr. 
W. Oliver has recorded the history of an 
extraordinary sleeping person named 
Samuel Chilton of Tinsbury, near Bath, who 
on May 13 1694, being then ‘of robust habit 
of body, not fat, but fleshy, and a dark 
brown hair,” happened, without any visible 
cause or evident sign, to fall into a very 
profound sleep, out of which no art used by 
those who were near him could rouse him 
until after a month’s time; then he rose of 
himself, put on his clothes, and went about 
his business of husbandry as usual; slept, 
could eat and drink as before, but spoke not 
one word till about a month after. In 1696, 
on the 9th of April, this youth fell off to sleep 
again, and although a heroic apothecary, 
Mr. Gibbs, bled him, blistered him, and 
scarified him, he slept on for seventeen 
weeks, waking up on August 7, not knowing 


he had slept above a night, and unable to be 
persuaded he had lain so long, until going 
out into the fields he found everybody busy 
getting in the harvest, and then remembered 
very well that when he fell asleep they were 
sowing of the barley and oats which he now 
saw ripe and ready to be cut down. For six 
weeks of this sleep he had fasted, but after he 
awoke he went to work in his ordinary way, 
and continued to work until August 17, 
1697, when, after complaining of shivering 
and cold in his back, and vomiting once or 
twice, he fell into one of his long sleeps once 
more. So he lay sleeping until November 19, 
when he awoke, said he ‘‘felt very well, 
thank God,” ate some bread and cheese, and 
dropping off still another time, slept on until 
the end of January, 1698, and ‘‘then waked 
perfectly well, not remembering anything 
that happened all this while.” 





Nature Vol. 286. 21 August 1980 


REVIEW ARTICLE 





Nucleosome assembly 
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Histones and DNA can spontaneously associate to form the nucleosome subue 
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piesa but two proteins which occur in the eukaryotic nucleus can facilitate Kear ined assembly 





reported new experimental systems which help to analyse, reconstruct and exploit the cellular 


mechanisms of chromatin assembly. 


IN eukaryotic nuclei DNA is packaged into regularly repeating 
nucleoprotein units called nucleosomes. The structure of the 
nucleosome has been reviewed extensively'~ and the major 
features of the prevailing model” are summarized in Fig. 1. Two 
structural domains have been distinguished by nuclease diges- 
tion, a protected nucleosome core and an exposed linker DNA 
segment of variable length. The nucleosome core consists of 146 
base pairs of DNA coiled around a central histone octamer 
containing two each of the histones H2A, H2B, H3 and H4. 
Histone H1 associates with a further 20 base pairs of DNA 
adjoining the core, to complete two full superhelical turns of 80 
base pairs each around the histone octamer”’. In addition to this 
simple repeating structure chromatin possesses a complex range 
of local variations in the distribution of nonhistone proteins*”’. 

Studies of chromatin assembly have been directed both at 
determining the pathway of nucleosome assembly and also at 
analysing the functional significance of variations in chromatin 
structure. Chromatin assembly by dialysis against gradients of 
salt under nonphystological conditions (starting at >1 M NaCl) 
has produced information about nucleosome structure, but 
attempts to attach biological significance to the assembled 
structures have been repeatedly confused by artefacts (reviewed 
in refs. 2-4), 

Recently several new experimental systems for assembling 
nucleosome cores or nucleosomes at physiological ionic strength 
have been described. They fall into three classes: (1) self- 
assembly systems'*'’ in which histones and DNA associate 
without assembly factors; (2) factor mediated assembly systems 
in which assembly is facilitated by purified assembly factors'*"1?. 
and (3) unfractionated cell homogenates '*"'° which attempt to 
mimic the cellular processes and which can be fractionated 
further to elucidate the cellular mechanisms of chromatin 
assembly. All three classes will be considered here, together 
with investigations of assembly of replicating chromatin in intact 
cells. At present only the unfractionated cell homogenates have 
been able to reconstitute the physiological spacing between 
adjacent nucleosomes. 


Self-assembly of the nucleosome core 


Histones and DNA contain the morphogenetic information 
required to assemble a nucleosome core. This has been clearly 
demonstrated by the reconstitution of nucleosome cores by salt 
gradient dialysis from approximately 1M NaCl (refs 17-21). 

Although the capacity for self assembly was readily demon- 
strated at unphysiological salt concentrations, it has only 
recently been observed at ionic strengths close to physiological. 
Ruiz-Carrillo et al.” renatured core histones into H3/H4 
tetramers and H2A/H2B dimers by prolonged dialysis and 
slowly pumped the histones into an excess of DNA at 
0.2 M NaCl. The product was shown to be authentic nucleosome 
cores” (Fig. 2). If histone H1 was included a precipitate formed. 
This could be redissolved by dialysing the precipitate to lower 
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salt concentrations (10-30 mM). In a second study by Stein ef 
al.* the core histones and DNA were mixed more abruptly. A 
precipitate formed, but redissolved during 16h at 37°C, to 
reveal substantial formation of nucleoseme cores. In both cases 
excess histones caused irreversible precpitation. 

Although these two assembly procecures*"'’ are limited in 
the conditions which yield soluble products rather than insoluble 
precipitates, they clearly establish the principle that nucleosome 
cores can self-assemble from histones and DNA in the absence 
of other factors. 








Nuclear proteins which facilitate nucleosome 
core assembly in vitro 


Two proteins from the eukaryotic nucieus allow nucleosome 
core assembly to proceed rapidly in vitro without precipitation. 
One appears to interact with DNA and the other with histones. 
They are „respectively DNA topoisomerase I (nicking-closing 
enzyme)'* and nucleoplasmin, an acidic’ thermostable protein 
which was originally isolated from Xenepus eggs” 

The assembly pathway mediated by DNA topoisomerase I 
involves making a complex between topoisomerase I and DNA 
and then adding histones’, Approximately one topoisomerase | 
molecule is required for each nuclecsome assembled, cor- 
responding to 20 times more of the enzyne than would relax the 
same weight of supercoiled DNA. Assembly is inhibited when 
the weight of histones exceeds the weight of DNA. It is not clear 
yet if topoisomerase I acts by decreasing the electrostatic 
attraction between DNA and histones (see below) or by per- 
forming some additional function such as providing a swivel, 
DNA topoisomerase I occurs at substantial concentrations in 
the chromatin of a wide range of eukarvotes. Its properties and 
distribution have been reviewed elsewhere”, 


Nucleosome Nucleosome core 


+ HI ~ Hi 


Histone 
octamer 





166 base pairs protected, i protected 
(2 superhelical turns) and (1.75 superhelical turns) 
unprotected linker DNA 


Fig. 1 A model for the structure of ‘he, nue! leosome’' and 

nucleosome core”, in which DNA is wrapped around the surface of 

a flat protein cylinder consisting of two eack of histones HZA, HOB, 
H3 and H4 (refs 1-4.. 
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Fig. 2 Electron micrograph of nucleosome cores assembled by 

very slowly pumping core histones (without H1) into excess DNA 

at physiological ionic strength, Reproduced with permission from 
ref. 10. 


Fractionation of a cell-free nucleosome assembly system” 
from eggs of Xenopus laevis led to the identification and 
purification of an acidic, thermostable protein which facilitates 
nucleosome core assembly in vitro when histones and DNA are 
rapidly mixed’. The protein is rich in potentially charged amino 
acids (notably 30% Asx +Glx)**. It is phosphorylated**”* and it 
has an isoelectric point of 5 (ref. 26). In solution it is an unusual 
multimer, a pentamer of the M, = 29,000-—30,000 subunits, and 
this pentamer is active in nucleosome core assembly”. The 
protein does not bind detectably to DNA or nucleohistone’’ but 
it does bind histones in vitro'**’. Its activity is independent of 
DNA topoisomerase '****’, and the properties of the protein, 
which itself has no associated topoisomerase activity, are strik- 
ingly different from known DNA topoisomerases”. Unlike 
DNA topoisomerase | it can mediate nucleosome core assembly 
in the presence of excess histones '**”. 

Recently this protein has been shown to be the most abundant 
protein in the Xenopus oocyte nucleus, occurring at about 
Smgml™ and representing 7.5-10% of the total nuclear 
protein****. It is localized in the nucleoplasm***° and using a 
combination of immunofluorescence and immunoprecipitation, 
Krohne and Franke have shown that this, or a conserved, 
antigenetically related protein, occurs at substantial concen- 
trations in the nucleoplasm of a wide range of vertebrate cell 
types’ (Fig. 3). The probable reason why it had not been 
observed in nuclei previously is rapid leakage from nuclei in 
aqueous isolation buffers***°. Thus it was first discovered in 
total homogenates of cells in meiotic metaphase’. With the 
agreement of Krohne and Franke we propose to call this protein 
‘nucleoplasmin’ reflecting its unusual intracellular location. 

Although it is not clear if nucleoplasmin is tightly bound to the 
histone pool of Xenopus oocytes**”* its ability to bind histones 
in vitro led to the suggestion that it assembles nucleosomes in 
vitro both by neutralizing electrostatic repulsion between 
histones thus promoting histone:histone interactions, and also 
by acting as a ‘molecular chaperone’ which competes against the 
strong electrostatic attraction between histones and DNA, thus 
minimizing nonspecific insoluble aggregates'**’. 

These interpretations are consistent with the observations of 
Stein et al.'' that polyglutamic and polyaspartic acids can also 
greatly facilitate nucleosome core assembly when used in the 
conditions described for nucleoplasmin. In additon Stein et al."’ 
showed that polyglutamic acid causes histones to associate to 
form stable octamers in the absence of DNA and at physiologi- 
cal ionic strength. These observations may partly explain the 
mechanism of nucleosome core assembly by nucleoplasmin in 
vitro. 





21 August 1980 


Although nucleoplasmin assembles nucleosome cores in vitro, 
the possibility that in vivo it performs a wider role of mediating 
between the many highly charged components of the nucleus 
deserves investigation. 

The methods for assembling nucleosome cores in vitro at 
physiological ionic strength are summarized in Table 1. From a 
comparison of the methods the following principles emerge. 
First the steric information for self-assembling a nucleosome 
core resides in histones and DNA themselves. Second 
nonspecific electrostatic interactions between histones and 
DNA or between histones and nucleosomes***” can result in 
insolubility of the product. This problem can be minimized by 
careful control of the experimental conditions, but it is accen- 
tuated by the presence of histone H1 or excess free histones. 
Third, the problem of solubility can be avoided by using 
‘assembly factors’. Fourth, these may act in different ways. Thus 
DNA topoisomerase interacts with DNA permitting subsequent 
ordered interaction with histones while nucleoplasmin and 
polyglutamic acid or polyaspartic acid appear to promote 
histone:histone interactions and do not interact directly with 
DNA. The simplest unifying hypothesis appears to be that the 
assembly factors described so far act in vitro by competing 
against or masking the strong electrostatic interaction between 
histones and DNA thus allowing self assembly to occur without 
aggregation and precipitation. Although it is possible that the 
assembly factors are recycled there is no evidence that they act 
truly catalytically or that they contribute steric specificity to the 
assembly pathways. 
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Fig. 3 Phase contrast (a) and immunofluorescence microscopy 

(b) of rat kangaroo cells incubated with antiserum raised against 

nucleoplasmin from oocyte nuclei of Xenopus laevis. The cells all 

show a strong and specific staining of their nuclei. Scale bars, 

20 um. Photograph supplied by G. Krohne and W. Franke (see refs 
24 and 25). 
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Table 1 Methods for assembling nucleosome cores in vitro using purified reagents at physiological ionic strength 





raha A 


Reference 





Approximate weight Time to Product 
Method ratios completion characterization? to methad 
Without assembly factors: | 
(1) slow pumped addition of 1 DNA 2-5 h* A-E 10 
histones to excess DNA = 1 core histones 
(2) rapid mixing 1 DNA 16h | 
= | core histones (precipitates A-C 11 
and redissolves 
slowly) 
With assembly factors: 
Factor Normal location 
(1) DNA topoisomerase I Chromatin 1 DNA <ih A-D 13 
= oe (eukaryotes) = 1 core histones 
Peo 0.4 topoisomerase I J 
(2) Nucleoplasmin Nucleoplasm 1 DNA ( A-C 12 
a ot, (amphibians, birds, 2 core histones <th 
mammals, possibly 3-4 nucleoplasmin 4 DE 27 
z elsewhere} 
(3) Polyglutamic acid Synthetic 1 DNA 
2 core histones ~ 5 min  Avand F Li 


3-4 polyglutamic acid 





* Precipitates when histone H 1 is present. 


+ Key to product characterisation: A, Electron microscopy; B, supercoiling; C, sedimentation, D, di gestion by micrococcal nuclease; E, digestion by 


DNase I; F, protein cross-linking 


Cellular mechanism of nucleosome assembly 


There is no direct evidence yet that either DNA topoisomerase I 
or nucleoplasmin is involved in the cellular mechanism of 
nucleosome assembly. However, the following observations are 
consistent with their involvement. First, both proteins occur in 
the nucleus at concentrations sufficient to assemble nucleosome 
cores in vitro. Second, when naked DNA is introduced into 
Xenopus oocyte nuclei or into eggs which are in meiotic 
metaphase it is rapidly relaxed by high concentrations of 
topoisomerase before it is assembled into nucleosomes'*””. 
Third, eggs of Xenopus laevis contain a large histone pool, 
sufficient for 20,000 diploid nuclei*'** and of the assembly 
methods described above only nucleoplasmin (or polyglutamic 
and aspartic acid) allows nucleosome assembly and chromatin 
solubility in the presence of excess histones'””'’. Fourth, the 
endogenous histones in Xenopus egg homogenates exhibit 
anomalous charge properties, adsorbing to positively charged 
but not negatively charged resins at neutral pH suggesting that 
they are bound in a complex with a net negative charge. Purified 
nucleoplasmin mimics this effect when mixed with histones”. 
Finally, the rate of nucleosome core assembly by purified 
nucleoplasmin is similar to the rate in unfractionated homo- 
genates and is sufficient to account for the rapid rate of 
nucleosome assembly in the early Xenopus embryo”. 

Recent work of Nelson et al.’ suggests that Drosophila 
embryos may contain yet another nucleosome assembly factor. 
Although it has not yet been characterized, it seems to differ in 
some of its properties from either nucleoplasmin or DNA 
topoisomerase I. It will be interesting to see if it is related to a 
polypeptide, ‘X’, which Worcel et al.” observed associated with 
nascent nucleosomes in cultured Drosophila cells. In the same 
study? newly replicated DNA was observed to associate stably 
with H3 and H4 2-10 min before it associated stably with H2A 
and H2B and 10-20 min before it associated with H-1. A similar 
sequence of events has been deduced for mouse hepatoma 
cells** and replicating SV40 chromatin®*. Ruiz-Carrillo et al.'° 
have shown that a similar sequence of additions can be used to 
assemble nucleosomes in vitro. While this sequence of histone 
depositions may be widespread, it is not clear if it is essential in 
vivo. Thus the time course of histone depositions described by 
Worcel et al. is unlikely in early Drosophila embryos where the 
entire interphase of the cell cycle lasts only 3.4 min**”’ shorter 
than the lag between depositions of different histones observed 
by Worcel et al. From in vitro studies there is evidence that 
nucleosomes can be assembled by interaction of DNA with 


either preformed histone octamers'’”° or dissociated dimers 
and tetramers'®. It is possible that the multiple nucleosome 
assembly pathways in vitro reflect multiple alternative pathways 
in the cell, which would not be surprising if the problem of 
assembling nucleosome cores correctly involves simply limiting 
electrostatic interactions between histones and DNA to local- 
ized regions, nucleosomes, and preve g indiscriminate elec- 
trostatic cross-linking leading to pre tion. 

An aspect of nucleosome assembly im vivo which we have not 
considered above is the role of transient post-translational 
histone modifications seen in newly synthesized histones**~*°. 
Since nucleosome cores can be as: ed efficiently in vitro 
from unmodified histones (Table 1) it pting to speculate 
that the modifications might have an alternative role such as 
specifying the periodicity between adjacent nucleosomes in 
chromatin. 















Assembly of regularly spaced 
chains of nucleosomes 


Nucleosome cores are not distributed randomly along DNA, but 
are spaced at regular intervals of approximately 200 base 
pairs*'*?, The average length of the linker DNA varies between 
different cell types so that the nucleosome repeat length ranges 
from about 160 base pairs in fungi and rabbit cortical neurones 
to 241 in sea urchin sperm***”. 

However none of the purified in vitre assembly systems listed 
in Table 1 has reproduced the native spacing. They either space 
nucleosomes randomly or at intervals which are shorter than 
those from the parent native chromatin’’'*’’. In contrast, as 
seen in Fig. 4, the unfractionated cell-free assembly system from 
Xenopus eggs spaces nucleosomes regalarly at about 195 base 
pairs'* and the same has recently been shown for an unfrac- 
tionated assembly system from Drosophila embryos". The 
mechanism which specifies the length of the internucleosome 
linker is unexplained but some models can be firmly eliminated. 
First, the correct spacing does not arise by copying the spacing 
on a parental molecule. It can arise de nove on naked DNA” 
(Fig. 4). Second, it does not require DNA replication or the 
discontinuous synthesis of Okazaki fragments since it can occur 
in the absence of DNA replication’*. Third, it is unlikely to arise 
from a conserved periodic signal in DNA since spacing is 
observed on reconstituted prokaryotic templates (ref. 16 and 
W.C.E. unpublished observation) which are not naturally 
assembled into nucleosomes. On the other hand, it seems 
possible that it may be mediated by transient nucleosome sliding 
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since it Occurs in circumstances where assembly appears to be 
non-cooperative'*, suggesting that a mechanism must exist for 
correctly aligning randomly deposited nucleosomes. So far cor- 
rect inter-nucleosome spacing has only been observed in 
assembly systems which use an endogenous stored histone pool, 
namely egg extracts from Xenopus and Drosophila‘*"*. 
Woodland™ has shown that the stored histones of Xenopus eggs 
have secondary modifications characteristic of newly- 
synthesized histones in somatic cells, which raises the possibility 
that the transient histone modifications may be the missing 
ingredient required to achieve correct spacing in purified 
assembly systems. This hypothesis can be tested, and with the 
emergence of evidence suggesting that nucleosomes have 
specific phase-relationships with some DNA sequences**** 
there is an obvious need to develop purified assembly systems 
which position nucleosomes precisely on DNA. 


Relationship of nucleosome assembly 
to DNA replication 


Nucleosomes persist in the region of replication forks and both 
daughter DNA duplexes are rapidly converted to 
nucleosomes*”*. By labelling nascent histones with dense 
amino acids and *H-lysine, Leffak et al.°' have shown that 
parental histone octamers segregate conservatively to one of the 
daughter duplexes and that groups of parental nucleosomes 
segregate together. There is disagreement, however, over the 
site of assembly of new nucleosomes. Studies in which newly 
replicated chromatin is density-labelled by dense thymidine 
analogues, then fixed in formaldehyde and separated from bulk 
chromatin on the basis of its greater density have repeatedly 
suggested that new histones associate with unreplicated 
DNA***. In contrast, studies which have fractionated nascent 
chromatin from bulk chromatin by sedimentation avoiding the 
use of dense thymidine analogues or formaldehyde fixation have 
suggested that new histones are deposited at or near the repli- 
cation fork****. Additional support for the view that new 
nucleosomes form on newly replicated DNA comes from 
experiments in which protein synthesis is inhibited by cyclo- 
heximide®*. Here putative replication forks can be observed in 


— 


Fig. 4 Assembly of regularly spaced chains of nucleosomes by 
incubating °P DNA in homogenized eggs of Xenopus laevis (as in 
ref. 14). a, The chromatin assembled in vitro was cleaved with 
micrococcal nuclease deproteinized and electrophoresed in a 1.7% 
agarose gel. b, DNA fragments cleaved from rat-liver nuclei by 
micrococcal nuclease and ~“P-labelled by nick translation were 


electrophoresed on the same gel to show nucleosome spacing at 
195 base pairs. 
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Fig. § A model for segregation of nucleosomes at replication 
forks proposed in ref. 67. Parental nucleosomes (stippled) segre- 
gate conservatively to the daughter DNA duplex containing the 
continuously synthesized strand, while new nucleosomes (unstip- 
pled) are assembled on the daughter duplex which is synthesized 
discontinuously in Okazaki fragments. Arrows indicate the direc- 
tion of DNA strand growth. While this model is attractive, it is still 
opposed by some studies (see text), 


which one of the daughter duplexes is fully assembled into 
nucleosomes while the other appears to be naked DNA. This 
suggests that parental nucleosomes pass to one of the daughter 
duplexes leaving the other as the site for new nucleosome 
formation. One of the two newly synthesized strands (the lag- 
ging strand) at a replication fork is synthesized discontinuously 
in Okazaki fragments (reviewed in ref. 66), and Seidman, Levine 
and Weintraub®’ have argued that this strand is probably the site 
of new nucleosome formation (Fig. 5). Although the dis- 
continuous synthesis of DNA is not necessary to specify the 
spacing between adjacent nucleosomes (see above), a more 
attractive possibility is that the repeating nucleosome structure 
of chromatin may specify the periodicity of Okazaki fragments 
with replication proceeding by unfolding one parental 
nucleosome at a time”. 


Assembly of transcriptionally active 
nucleosomes 


Digestion with nucleases indicates that transcriptionally active 
regions of chromatin are organized into nucleosome-like struc- 
tures but that these have a different conformation from bulk 
chromatin (reviewed in refs 2-4). Regions of chromatin which 
code for RNA ina particular cell type are selectively sensitive to 
digestion by DNase I*”’”° or DNase II”. The degree of DNase I 
sensitivity is the same whether the gene is transcribed occasion- 
ally or frequently”? suggesting that this altered conformation is a 
property of all genes which are competent to be transcribed. The 
boundaries of DNase I sensitive regions are precise **”* and the 
active conformation appears to correspond to elevated levels of 
two non-histone proteins HMG 14 and HMG 177*7* of the ‘high 
mobility group’’*®. Furthermore Weisbrod and Weintraub” 
have shown that these two proteins can restore DNase I sensi- 
tivity to salt-washed chromatin or nucleosome cores”, indicat- 
ing that the nucleosomes from which they were eluted contain an 
additional structural peculiarity apart from HMG 14 and 17. 
This could either be the presence of an additional modification 
or factor specifying the sites to which HMG 14 and 17 should 
bind, or alternatively the lack of a normal nucleosome 
component which competes with HMG 14 and 17 for occupa- 
tion of a site within the nucleosome. 

How does such a structure originate? Weintraub has shown 
that the DNase I sensitive structure arises within 3 min of 
replication of that region of DNA, suggesting that the decision 
to assemble potentially active or inactive chromatin occurs at the 
time of DNA replication®’. Therefore our understanding of the 
differentiation of somatic cells would be substantially enhanced 
by a knowledge of the mechanisms which assemble newly 
replicated DNA into transcriptionally competent nucleosomes 
and of the regulatory mechanisms which rigorously select 
specific regions of the genome for assembly into the active 
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conformation. The in vitro nucleosome assembly systems which 
have been reviewed here are ideally suited for investigating 
these questions. 
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SOOM IKV PANT hn crenata mia ynna a AA A OSAA LAA Gaa S AAN AANA mE IASS 


Archaean Noranda-type exhalative massive sulphide ores were formed b y sub-seafloor geothermal activity which leached 
mafic constituents and ore metals from iron-rich bimodal (basalt-rhyolite) tholeiites and converted them toh ydrothermally 
altered greenschist facies ‘intermediate’ rocks of apparent calc-alkaline affinity. 





He natn re 


A MAJOR problem in the study of Archaean and younger 
greenstone belts is the identification of the primary geochemis- 
try of volcanic rocks that have been subjected to extensive 
rock—water interaction. The rocks, mostly fine grained basalts 
exhibiting greenschist facies mineralogy, are normally classified 
on the basis of chemical composition and normative mineralogy 
on the assumption that rock-water interaction was largely an 
isochemical process. This hypothesis apparently succeeds in 
large parts of the greenstone belts where the volcanic rocks were 
only weakly hydrated during halmyrolysis and burial metamor- 
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phism, but, in some areas, sub-seaflocr geothermal activity 
contemporaneous with volcanism produced more intense rock- 
water interaction with higher water-to-rock ratios. It is in these 
areas of intense hydrothermal alteration, seafloor exhalative 
activity and associated massive sulphide mineralization, that the 
primary petrological and chemical identity of the volcanic rocks 
has been radically changed, causing them to be incorrectly 
identified using standard geochemical rock classification 
schemes. 

The nature of this problem became evident during research in 
the Matagami, Quebec Archaean volcani@ centre and mining 
district in the Abitibi greenstone belt, where sulphide ores are 
associated with several thick domal accumulations of rhyolite 
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interbedded with iron-rich pillowed basalt flows. These rocks 
were formerly described as ‘calc-alkaline’’ owing to the pre- 
dominance of rocks of ‘intermediate’ chemical composition 
(andesite—dacite-rhyolite). These show’a large scatter rather 
than a systematic alkali-enrichment on an AFM plot, a feature 
characteristic of many mineralized Archaean volcanic centres*”. 
However, they are now known to constitute a hydrothermally 
altered bimodal basalt-rhyolite suite of clear tholeiitic affinity”. 
Their apparent ‘calc-alkaline’ traits reflect a hydrothermal 
overprint caused by rock—water interaction during sub-sea floor 
geothermal activity as a modified seawater brine intensely spili- 
tized, silicified and leached metals from large volumes of iron- 
rich tholeiitic basalt before discharging through overlying rhyo- 
lite to deposit massive sulphides on the sea floor. 

In this article we examine the petrography and geochemistry 
of the rock—water interaction in the Garon Lake geothermal 
system at Matagami, and compare and contrast the trends 
produced with recognized igneous fractionation trends. 


The Garon Lake geothermal system 


The Garon Lake geothermal system developed within a 500-m 
thick sequence of tholeiitic pillowed basalt (units B,-B,) after 
extrusion of the Garon Lake-rhyolite (Fig. 1). The basalts are 
underlain by the Bell Channel rhyolite, thus the reservoir rocks 
of the system are confined to a narrow, well-defined strati- 
graphic interval in which the individual flow-units have been 
mapped in detail and followed along strike for several 
kilometres. The basalts are intruded by contemporaneous gab- 
bro sills of very similar mineralogical and chemical composition, 
several of which may have been lateral feeders to the pillowed 
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Fig. 1 Volcanic stratigraphy and 
diagrammatic vertical section 
through the Garon Lake geo- - 
thermal system. B,-B,, basalts; 
FP, andesite, GLR, Garon Lake 
rhyolite; BCR, Bell Channel rhy- 

_ olite; NR, Norita rhyolite. The 
pattern with circles denotes 


Garon Lake Mine 
Deposits 





flows. The geological setting, petrology and primary - 
chemistry of the units have been discussed élsewhere®’, where 
they were shown to form part of a bimodal basalt-rhyolite suite 
of -tholeiitic affinity. 

Most of the volcanic rocks have been hydrothermally altered 
to some degree: the basalts are intensely spilitized and silicified, 
whereas the. domal parts of the Garon Lake rhyolite are 
pervasively chloritized and transected by zones of disseminated 
sulphide mineralization. Earlier studies have shown that this 
alteration accompanied sub-seafloor geothermal activity which 
began while the volcanic rocks and contemporaneous intrusions 
were still hot, and terminated before the extrusion of volcanic 
rocks overlying the Garon Lake rhyolite’*. At the time when the 
geothermal system was active, seawater was convected through 
basalt from intake zones at the periphery of the rhyolite and then 
discharged through permeable zones (now alteration pipes) in 
the rhyolite dome. The exhalative massive sulphide lenses at the 
Garon Lake mine formed down slope from the western alter- 
ation pipe”. The geothermal system had a lateral extent >5 km 
(Fig. 4), indicating that > 10 km? of volcanic rock were sub- 
jected to hydrothermal! alteration. 


| Rock-water interaction 


The reservoir rocks are bleached and mottled pillowed basalts 
that would almost invariably be called ‘andesite’ in the field. 
Two main stages of hydrothermal alteration can be recognized 
petrographically: (1) an early and minor stage of dominantly 
destructive (argillic) alteration that accompanied localized con- 
vective fluid movement in water-bearing basalt bordering some 
of the contemporaneous gabbro sills"; and (2) a later and 
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widespread stage of intense spilitization that accompanied 
large-scale convective circulation of fluid after the reservoir 
rocks were sealed from above by the Garon Lake rhyolite (Fig. 
1). 

Spilitization is localized around pervasive quartz—epidote- 
filled veinlets and cylindrical pipes (alteration patches*°) which 
transect the basalt section. These structures form an inter- 
connecting network interpreted as conduits of concentrated 
fluid flow at the time the geothermal system was active. Whereas 
the smaller veinlets have a random orientation, the larger 
veinlets and pipes are invariably orientated parallel to strati- 
graphy, indicating a dominantly horizontal vector of fluid 
movement within the reservoir rocks (Fig. 1). 

The basalt around the quartz—epidote structures has been 
intensely bleached and silicified to light grey and grey-green 
domains up to one or several metres in diameter. Although the 
igneous fabric was almost entirely preserved in these domains 
the mineral assemblages were drastically changed: plagioclase 
phenocrysts and laths were replaced by single crystals of 
inclusion-free albite that commonly retain original twin planes, 
pyroxene was replaced by actinolite (twin planes, exsolution 
lamellae and subophitic textures partly preserved), and ulvo- 
spinel first crystallized ilmenite in trelliswork patterns but was 
then partly replaced by actinolite and sphene. With advanced 
spilitization, epidote, magnetite, ilmenite and sphene were 
replaced by quartz, albite, minor chlorite and rutile, the latter as 
needles preserving the outline of former ilmenite grains. This 
intense spilitization grades outward to a zone of weak but 
pervasive hydration where basalt has a uniformly dark green 
colour and a more or less constant chemical composition. Here, 
the pyroxene is pseecudomorphed by dark green actinolite, 


plagioclase is saussuritized, and the groundmass consists of 
ulvospinel granules and sodic plagioclase crystallites in a chlori- 
tic, devitrified glass matrix. 

Overall, the mineralogical changes in the basalts were 
accompanjed by significant decreases in colour index and 
increases in hardness so that they now frequently resemble 
andesites and dacites in the field. The role of quartz is parti- 
cularly important. While not a primary phase or a product of 
isochemical devitrification of basaltic glass, quartz increases 
significantly with increasing degree of alteration. 

The Garon Lake rhyolite (dacite in some classification 
schemes™!"'!*) is devitrified quartzo-feldspathic and generally 
spherulitic acid glass that contains up to 20% inverted 8- quartz 
and sodic plagioclase phenocrysts and rare granophyre frag- 
ments®*. Zones of intense chloritization that constitute the 
alteration pipes are mineralized with chalcopyrite and pyrite 
(Fig. 1). The direct replacement of rhyolite glass (~75% SiO2) 
by massive chlonte (~35% SiO2) proceeded without obvious 
volume change; B-quartz phenocrysts were corroded and 
plagioclase grains were either partly corroded or entirely 
replaced by granulose quartz plus chlorite or massive chlorite. 


Geochemical changes 


Intense spilitization of the reservoir rocks was accompanied 
by major chemical adjustments, the most important being 
the significantly higher SiO, content of altered samples. 
Unaltered or least altered samples of the chilled rims and cores 
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of pillows lie in the compositional range 48-52% SiO», but 
hydrothermally altered samples show a progressive increase in 
SiO, to 65% in the B, unit and up to 75% in B, (ref. 8). Increases 
in SiO, in B, (Fig. 2) are accompanied by: (1) a linear depletion 
in FeO*, MgO, CaO, TiO», P205, V, Cr, Mn, Co, Ni, Cu, Zn and 
Cd, reflecting their dissolution during breakdown and recon- 
stitution of the mafic minerals and plagioclase; (2) a significant 
increase in Na accompanying the albitization of plagioclase; and 
(3) comparable increases in Zr, Y and REE by factors of up to 
three. K,O, which probably had a very low initial content, 
remains low in the altered rocks. Although scatter is consider- 
able, the ratios of depleted elements (FeO*/MgO, FeO*/TiO,, 
and so on) remained essentially constant and identical to the 
igneous ratios, indicating that their dissolution was a congruent, 
non-selective process. Hydrothermal alteration in the remaining 
basalt flows (units Bz and B4) was very similar, although changes 
in the intensity of silicification, in the Na,O/SiO, enrichment, 
and in the behaviour of PO, and Al,O, did occur with strati- 
graphic height within the geothermal system””. 

Two lines of evidence, the petrographic observation of the 
pseudomorphic replacement of the igneous rock fabric and the 
immobile behaviour of Al,O, (Fig. 2), indicate that rock—water 
interaction was essentially a constant volume process. The 
incremental enrichment in SiO, and Na,O was therefore 
accompanied by the active congruent dissolution and transport 
of FeO*, MgO, CaO, TiO, and the trace elements listed above, 
because only SiO}, CaO and Al,O, (quartz and epidote) were 
later precipitated in the hydrothermal conduits'®. This alter- 
ation accompanied an increase in the temperature of the fluid. 
The precipitation of silica in the central part of the geothermal 
system occurred around the critical point of the brine (T ~ 
400°C; P<0.75 kbar)'*"'*, where SiO, solubility decreases 
rapidly with rising temperatures while that of most other 
components continues to increase. Similarly, as the metal- 
charged brine rose through the rhyolite to the sea floor it cooled, 
leached silica from rhyolite, and precipitated most of the ele- 
ments dissolved from the underlying reservoir rocks as minerals 
in the alteration pipe and massive sulphides on the sea floor 
(Fig. 2). 


Significance of the alteration trends 


Rock-—water interaction during sub-seafloor geothermal activity 
caused the congruent dissolution of many major and trace 
elements from basalt, their transport by fluid, and their later 
precipitation in similar ratios in rhyolite approaching the dis- 
charge points of the system. Cumulatively, this resulted in the 
compositional gap of the bimodal basalt-rhyolite suite being 
spanned by a continuum of altered rock compositions (Fig. 2). 
Using as an example only one basalt flow from the reservoir and 
the overlying Garon Lake rhyolite (Figs 2-6), the geochemistry 
of the hydrothermally altered rocks seems to be indistinguish- 
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Fig. 6 a, Ti-Zr-Y plot'’.@, B, basalt with <54% SiO»; O, 
>54% SiO2; A, Garon Lake rhyolite. Low-K tholeiites occupy 
fields A and B; ocean floor basalts, B; calc-alkaline basalts, B and 
C; within-plate basalts, D. b, Rare-earth element composition of 
B, basalt samples. SiO, contents of altered samples are indicated. 
REE values are normalized to the Leedey chondrite’. Analyses by 
neutron activation at X-ray Assay Laboratories, Toronto, Canada. 


able from the spectrum of intermediate igneous rock composi- 
tions. Hydrothermally altered basalt and rhyolite samples span 
the field through andesite and dacite on a normative colour 
index versus normative plagioclase composition diagram (Fig. 
3a) used to classify volcanic rock types'*, and classification 
systems based on SiO, content**"'® (see Fig. 3b). 

Furthermore, as rock-water interaction involved the net 
substitution of salic (SiO, NaO, and so on) for basic (FeO*, 
MgO, CaO, TiO2, and so on) components, the resulting chem- 
ical alteration patterns resemble igneous fractionation trends. 
For example, most major and trace elements show a variation 
typical of volcanic rock suites when plotted against a frac- 
tionation index (for example, SiO,, Fig. 2; differentiation index 
and solidification index plots show similar patterns). However, 
despite Na metasomatism during spilitization of basalt, altered 
samples remain in the sub-alkaline field on an alkali-silica plot 
(Fig. 36). The resemblance with a fractionation trend is also seen 
on an AFM plot, widely used to distinguish tholeiitic from 
calc-alkaline rocks; the least altered basalt samples lie close to 
the FM join and altered samples extend towards the alkali 
corner (Fig. 4a). The resemblance is maintained in plots not 
involving the alkalis, for example, FeO* versus MgO (Fig. 4b), 
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where, despite the scatter, the alteration parallels the later 
stages of the Thingmuli tholeiitic trend’’. There is no evidence 
of iron enrichment, however, and the resemblance to a tholeiitic 
trend is dictated by the high initial FeO*/MgO of this basalt 
which precludes a calc-alkaline association. This would not have 
been so in most Archaean centres where the basalts generally 
have much lower FeO*/MgoO ratios (see Fig. 4 for plots of 
average Abitibi basalt’). In its essential characteristics (alkali 
enrichment with depletion of mafic oxides) the alteration mimics 
a calc-alkaline fractionation trend, and would easily be confused 
for one in many mineralized volcanic centres. This apparent 
calc-alkaline affinity is indicated on many other major element 
plots except that of Al,O, against normative plagioclase 
composition (Fig. 5) where the low mobility of Al,O, during 
alteration confines the data to the tholeiitic field. 

The whole trace element suite was also mobile during alter- 
ation: V, Cr, Co, Ni, Cu, Zn and Cd decreased, and Zr, Y and 
REE increased with increasing SiO, content (Figs 2—6). A plot 
of the ‘immobile’ elements Ti, Zr and Y (Fig. 6a) shows how 
mobile they have been. The negative correlation of Ti for Zr and 
Y that can be seen in Fig. 2 produces a continuum of points 
between the original basalt and rhyolite on Fig. 6a. This diagram 
has been used successfully to distinguish the tectonic setting of 
modern basalts (<54% SiO)’, and the correlations made 
there have been frequently used to classify older rocks”? ”. 
Most samples from the reservoir rocks of the geothermal system 
with lees than 54% SiO, do plot in a small area of Fig. 6a, but the 
tendency of the altered rocks to move to the calc-alkaline fleld is 
apparent. Plots with Cr, Co and Ni yield similar results. The 
REE are also mobile but retain the flat profile (Fig. 6b) typical of 
fractionated tholelites, lacking the characteristic strong LREE 
enrichment and high La/ Yb ratios of calc-alkaline rocks. Rather 
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than being immobile, these elements actually provide a good 
monitor of progressive alteration in a single flow. 


Conclusions 


Intense rock-water interaction in the Garon Lake sub-seafloor 
geothermal system accompanied spilitization of volcanic rocks 
and contemporaneous high-level gabbro sills. Massive chemical 
exchange occurred in and adjacent to zones of dynamic flow of 
seawater-derived brine; essentially tochemical hydration 
occurred where flow was sluggish or stagnant. Hydrothermal 
alteration preserved volcanic features (pillow selvages, amyg- 
dules, hyaloclastite-filled interstices) and pseudomorphed 
igneous fabric as it converted bimodal basalt—rhyolite tholeiites 
to rocks that are petrographically indjstinguishable from 
metamorphosed andesites and dacites. The major and trace 
clement geochemistry of the altered rocks are ‘intermediate’ in 
character and show calc-alkaline affinity on most discrimination 
diagrams. 

The predominance of these ‘intermediate’ rocks at Matagami 
and in other mineralized volcanic centres in the Archaean of 
Canada, led to the original assumption that exhalative massive 
sulphide ores of the Noranda type were associated with ‘calc- 
alkaline’ volcanic rocks, and, by inference, with active volcanism 
along consuming plate boundaries’***. It is now evident that 
these conclusions may be in error. Rather than denoting a 
tectonic setting, these ‘intermediate’ ‘calc-alkaline’ volcanic 
rocks may in fact reflect the geochemical imprint of sub-seafioor 
geothermal activity that generated important ore deposits. 
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Antigenic drift between the haemagglutinin of 
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A DNA copy of the gene coding for the influenza A/Aichi/2/68 haemagglutinin protein was cloned in the plasmid 
PBR322 and the complete nucleotide sequence determined. Comparison of this primary structure and the deduced amino 
acid sequence with the haemagglutinin gene and protein of strains belonging to the same (H3) subtype and to different 
subtypes, of both human (H2) and avian (Hav1) origin, documents further at the molecular level the two independent modes 
of antigenic variation of the virus—drift and shift. 





THE ability of type A influenza strains to change their antigenic 
properties is a major obstacle to controlling the viral disease by recognized: antigenic ‘drift’ seems to be the result of a certain 
vaccination, and the virus continues to be an important cause of number of local alterations in the viral surface proteins (thought 
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Ulness in the human population. Two types òf change have been 
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to be selected under the pressure of the immune system), 
whereas antigenic ‘shift’ is a radical change of the antigenic 
properties of the surface protein, leading to the emergence of 
new pandemic strains. The origin of these pandemic strains is 
unknown, but it has been speculated that they result from a 
recombination event between a human virus and an influenza 
strain from an animal reservoir’. 

Type A influenza viruses have a negative-stranded RNA 
genome consisting of eight distinct RNA segments* *. The two 
surface antigens, haemagglutinin and neuraminidase, are gly- 
coproteins and have been assigned to viral RNAs 4 and 5 or 6 
(depending on the strain), respectively**. We have recently 
determined the primary structure of the haemagglutinin gene 
from the relatively recent human influenza strain 
A/Victoria/3/75 (H3N2), starting from cloned DNA and 
using fast DNA sequencing techniques. Compared with RNA 
and protein sequencing methods, this approach has the advan- 
tage of much greater speed and accuracy and avoids special 
problems, such as those encountered during the sequencing of 
hydrophobic regions of polypeptides. 

We describe here the cloning and elucidation of the structure 
of the haemagglutinin gene of A/ Aichi/2/68, which formed the 
beginning of the so-called Hong Kong (H3N2) period. The gene 
sequence and deduced amino acid sequence are compared with 
those of our previously reported Victoria strain’, with an 
intermediate H3N2 isolate, A/Memphis/102/72 (this 
haemagglutinin was sequenced as cloned DNA° and except for a 
small hydrophobic region also as protein’), with amino acid 
data from monoclonal variants” and field strains’, with the gene 
sequence of A/Japan/305/57 (H2N2)"’, which occurred at the 
start of the 1957-67 influenza wave, and with the fowl plague 
haemagglutinin gene (Hav1)"’. 


Cloning the A/Aichi/2/68 
haemagglutinin gene 


The high yielder, recombinant strain X31, which carries the 
haemagglutinin and neuraminidase genes of A/ Aichi/2/68, was 
used as the RNA source in our study. Double-stranded (ds) 
DNA copies of the haemagglutinin genetic information were 
synthesized and cloned essentially as described previously for 
the haemagglutinin gene of the A/Victoria/3/75 strain*. The 
major steps of the procedure are briefly summarized as follows: 
the mixture of eight negative-stranded X31 virion RNA seg- 
ments was polyadenylated at the 3’ end'’, converted into 
dsDNA copies, sized on a 1.5% agarose gel and the material 
corresponding to full-length haemagglutinin dsDNA recovered 
form Escherichia coli K12 HB101 (refs 5, 14). Thirty-nine 
dTTP and annealed to oligo(dA)-tailed plasmid pBR322 in the 
PstI restriction site, and the resulting hybrid was used to trans- 
form Escherichia coli K12 HB101 (refs 5, 14). Thirty-nine 
tetracycline-resistant colonies were obtained. When hybri- 
dized** to a **P-labelled gene 4 RNA probe, four of the clones 
showed positive hybridization. One plasmid (pXHA14) 
containing an insert of approximately 1,860 base pairs (includ- 
ing the A-T tails used for cloning) was chosen for further 
characterization. 


Nucleotide sequence of pXHA14 


The insert in plasmid pXHA14 was characterized by restriction 
mapping according to Smith and Birnstiel'®. Subsequently, 
fragments were prepared by digestion with the appropriate 
restriction enzymes, 5'-terminally labelled, and sequenced 
according to the method of Maxam and Gilbert'’. The nucleo- 
tide sequence is shown in Fig. 1 as the coding information or 
complement of the viral RNA. As the structure is highly 
homologous to the previously determined Victoria haemag- 
glutinin gene (Fig. 1), we did not systematically attempt to read 
both strands. Nevertheless, more than half of the sequence was 
confirmed by analysi$ of both strands. 

As expected from the cloning strategy used” (initiating 
second DNA strand synthesis starting from a terminal hairpin of 
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the first DNA strand, followed by S, nuclease treatment), a small 
portion of the haemagglutinin genetic information correspond- 
ing to the 3’ end of the cDNA is missing from the clone. As we 
started from negative-stranded influenza RNA, this region cor- 
responds to the 3' end of the coding information (beyond the 
arrow in Fig. 1). Because two other strains belonging to the same 
subtype have been shown to share exactly the same 3'-non- 
coding sequence*“, we did not attempt to complete this 
sequence for the Aichi strain. Assuming identity in this region, 
27 nucleotides would be missing from the pXHA14 plasmid, 
compared with 24 nucleotides missing from plasmid pVHA14, 
which contains the Victoria haemagglutinin information’. Tak- 
ing into account an additional 27 base pairs at the 3’ end of the 
influenza-specific information in pXHA14, the total length of 
the Aichi haemagglutinin RNA is 1,765 nucleotides: 29 nucleo- 
tides precede the signal for the AUG translation initiation 
codon, the translated region extends over 1,698 nucleotides 
(specifying 566 amino acids), and the (presumed) 3'-terminal 
noncoding stretch comprises 38 nucleotides (including the signal 
for the UGA terminator), 

The detailed organization of the haemagglutinin RNAs 
belonging to the Hong Kong (H3) subtype (Victoria’, 
Memphis” *, Aichi) seems to be identical except for the insertion 
of three nucleotides (specifying an asparagine residue at position 
8’ of the HA1) in the relatively recent Victoria/3/75 strain (Figs 
1, 2). The haemagglutinin RNA from another human subtype 
(H2)'' and from an avian subtype (fowl plague)? are of 
comparable length. 


The protein sequence 


The haemagglutinin is synthesized as a single polypeptide chain 
which is subsequently modified by glycosylation and post-trans- 
lational processing. The latter involves removal of an NH,- 
terminal signal peptide’” and proteolytic cleavage into HA1 and 
HA2 to yield mature haemagglutinin and infective virus*”?’. 
Assuming that the Aichi sequence also starts with the NH3- 
terminal blocking group pyroglutamic acid, as found in the 
Memphis H3 strain” (a blocked amino terminus of the HA1 is a 
general characteristic of H3 human strains and of two putative 
progenitor animal strains***>), the signal sequence would be 16 
amino acids long, as in Victoria’ and Memphis“. Within the 
H3 subtype, the length and hydrophobic character of the signal 
peptide seem to be maintained, but the exact sequence is not 
(Figs 1, 2). There .is no variation between the positions of 
cysteine residues in H3 strains. Also, the sequence of the Japan 
and fowl plague strain can easily be aligned according to the 
cysteines, allowing for a minimum number of 
insertions/deletions between strains’*°. It is therefore to be 
expected that the disulphide bonding pattern is the same 
between these three subtypes and probably in all influenza A 
haemagglutinins, thus giving the haemagglutinin molecules a 
very similar three-dimensional conformation. The disulphide 
bonds have recently been determined for the 
A/Memphis/102/72 strain”. 

As in the other H3 strains Victoria and Memphis and also in 
the H2 Japan strain, the region excised from between HA1 and 
HA2 consists of a single arginine residue; this situation contrasts 
with fowl plague haemagglutinin, where six residues are 
removed'**. A second hydrophobic sequence, at the NH, 
terminus of the HA2, which may have a role in interaction with 
and penetration of the cell membrane during infection, is highly 
conserved in all influenza A strains examined so far, even in a 
single B-type strain, and also in the NH, terminus of the F1 
subunit of Sendai virus**. Near the C terminus of HA2 there is a 
third hydrophobic region (amino acids 185-210 of HA2 in Fig. 
1), which is involved in anchoring the haemagglutinin in the lipid 
viral envelope. The precise functioning of the signal interrupting 
the translocation of membrane proteins (‘stop-transfer’ 
sequence’’) remains to be established. However, in contrast to 
the signal sequence, this stop-transfer sequence seems to be 
constant within the H3 subtype in at least three different field 
strains. 
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Fig. 1 Comparison of the haemagglutinin genes and deduced amino acid sequence of influenza strains A/Aichi/2/68 and A/ Victoria/3/75. The nucleotide 
sequence of the Aichi gene is shown as the complementary viral RNA (coding strand); only the substitutions in the Victoria gene are given. The Aichi nucleotide 
sequence is derived from cloned DNA; however, the sequence shown from the 3’ end up to the vertical arrow was missing from the cloned DNA and is assumed to be 
identical to the same region in Victoria (see text). The initiation and termination codons are shown in heavy boxes. Differences between amino acid sequences are 
shown in light boxes. Potential glycosylation sites are indicated by dotted lines. The wavy line indicates the hydrophobic region of HA2 that is embedded in the lipid 
membrane of the virion. 
e 
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The percentage of homology in the HA1 portion is modest but 
usually in the same range between each two strains belonging to 
a different subtype (between 34 and 37%), whereas the 
homology is higher in HA2 (H3:H2, 50%; H3:Havl, 66%; 
H2:Havi, 52%). The fact that the HA2 is much more similar 
between H3 and Hav1 than between two human strains (H3 and 
H2) whereas the HA1 varies to approximately the same extent 
demonstrates how difficult it is to define the evolutionary rela- 
tionship between different pandemic strains. The fraction 
conserved in all three subtypes (taking Aichi as the H3 proto- 
type) is only 21% in HA1, but 42% in HA2. These values 
illustrate the importance of the HA1 portion to the antigenic 
variability of the influenza haemagglutinin. 


Comparison of H3 strains: 
genetic drift 


The nucleotide sequence of the haemagglutinin gene and the 
deduced amino acid sequence of the protein of the Aichi/68 and 
Victoria/75 strains are compared in Fig. 1. There are 67 
nucleotide differences (3.8%): an insertion in the Victoria gene 
of three nucleotides close to the NH» terminus of the HAI 
(coding for an extra asparagine residue) and 64 nucleotide 
substitutions. Of these latter changes, 63 occur in the coding 
region: 34 are silent nucleotide substitutions and the other 29 
changes cause 28 amino acid differences (there is one case, at 
position 155 of the HA1, of two nucleotide changes resulting in 
a single amino acid change). Thus, in total there are 29 amino 
acid differences (including one insertion) or a 5.1% amino acid 
divergence accumulated over a 7-yr period (1968-75). By 
comparing maps of soluble tryptic peptides and amino acid 
composition data from nine strains isolated between 1968 and 
1977 with the amino acid sequence of the A/Memphis/ 102/72 
strain, Laver and collaborators’° found a minimum (only soluble 
peptides were examined) of 20 amino acid changes occurring 
during that period. Another conclusion was that once a residue 
had changed, it did not change again in the later variants, except 
for a few apparent reversions to the original amino acid 
(apparent because there is a no reason to believe that prototypes 
of successive epidemics as isolated from nature form a direct 
genealogical lineage). The same observations are made when 
the complete amino acid sequence of the three H3 haemag- 
glutinin molecules, Victoria/75 (ref. 5), Memphis/72 (refs 6-8) 
and Aichi/68, are compared (Fig. 2). Again, a likely explanation 
for the apparent reversions is that, for example, the Memphis 
strain is not the parent of the Victoria strain. Also, at the level of 
silent mutation, the same phenomenon of an occasional 
apparent reversion is observed (not shown). 

As expected, most amino acid changes were found in the HA1 
part of the protein (Fig. 2, Table 1); indeed, the antigenic 
character is thought to reside largely, if not entirely, in this 
section?™??, Over the 1968-75 period of antigenic drift, 22 
(6.7%) of the amino acids have changed in HA1 whereas only 4 
(1.8%) have been replaced in HA2. Comparing all three H3 
subtypes (Fig. 2), 27 variable residues are observed in HAI and 
5 in HA2. Note that there is some clustering of the amino acid 
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A/Victoria /3/75 
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A/Aichi /2/68 


Fig. 2 Differences between the amino acid sequence of three H3 haemagg 


Each difference is indicated by its number in the signal sequence (S 


involved. Two small lines at the same position in the Memphis strain indicate 
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changes in the middle third (amino acids 110-226) of the HA1 in 
the three strains examined. A similar differential variability 
between both subchains of the haemagglutinin molecule has 
been observed by Laver and colleagues’. Variants have been 
isolated which are resistant to monoclonal antiserum, and the 
haemagglutinins of these have probably changed at only a single 
amino acid position’. As these variants are still neutralized by 
total antiserum against the parent virus, it seems very likely that 
a more profound change (of at least two amino acids) would be 
required to generate a new field strain capable of overcoming 
the immunity of the population. 

Taking into account the number of different natural variants 
that have been isolated and the number of epidemics reported 
during the period considered**’, it is reasonable to assume that 
a not unimportant fraction of the 22 differences in HA1 ob- 
served between Aichi/68 and Victoria/75 (probably at least 
one-third and possibly up to two-thirds or even more, that is, 
7-15 amino acids or more) have played a part in the antigenic 
variability. Also, if one considers the relative abundance of 
differences between HA1 and HA2 to reflect the antigenic 
variability within HA1 above the background of tolerable 
mutation rates, a value of 16 residues is obtained. However, 
these changes may be clustered in several ‘antigenic sites’ (each 
comprising a limited number of amino acids involved in the 
reaction with the antibody’**) or they may influence the way the 
antigenic sjte is presented to the antibody by conformational 
changes. Thus, the analysis of amino acid sequences in a limited 
number of natural strains is not in itself sufficient for a delinea- 
tion of antigenic sites. 

Another approach is the analysis of variants selected with 
monoclonal antibodies. The Hong Kong variants studied by 
Laver and colleagues’? have amino acid changes at positions 54, 
143, 205 and a fourth one in the region 217-224 of the HA1 (the 
latter two changes were observed in the variants selected with 
the same monoclonal antibody). There are no amino acid 
changes around residue 54 in the three strains compared in Fig. 
2, but a change of both the adjacent residue 53 and amino acid 
54 (but to a different amino acid from that in the monoclonal 
variant) have been described'’. Again, the amino acids next to 
residue 143, residues 144 (Fig. 2) and 145 (ref. 10), have been 
found to change in field strains. Natural changes around the 
third variant (205) are at positions 207 (Fig. 2 and ref. 10) and 
208 (ref. 10). Thus, from all cases where a direct comparison is 
possible, in only one instance was an amino acid change found in 
the same position in a monoclonal antibody-selected variant and 
in a field strain (residue 54), and even then the residue by which 
it was replaced was completely different (to a lysine and a serine, 
respectively), suggesting that the immunological selection in 
nature works differently from that in the laboratory model 
experiments. The reason for this (systematic) discrepancy i$ 
unknown, although it is quite clear that the immunological 
pressure in an infected immune individual is very different from 
the selection pressure working in a murine monoclonal hybri- 
doma to select laboratory variants. 

Most of the amino acid changes in these H3 haemagglutinins 
have been acquired by single base substitutions and are rela- 


HA2 





lutinins derived from the virus strains A/Aichi/2/68 (the present paper), 
A/Memphis/ 102/72 (ref. 6) and A/Victoria/3/75 (ref. 5). The Memphis sequence used here is the complete one obtained by Sleigh eral”, rather than the one 
obtained by Ward and Dopheide”, which lacks the hydrophobic region close to the C-terminus of the HA2. Apart from this, both sequences are essentially the same. 


}, HA1 and HA2 portions of the molecule, respectively, and by a line connecting the strains 


non-identity with either Aichi or Victoria (apparent reversions; see text). 
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Table 1 Variation observed among three H3 haemagglutinins 


Nucleotide changes leading 
to an amino acid change 





No. of % Nucleotide % Amino acid 
Comparison changes changes changes 
Aichi-Memphis _ 16 (4) 1.6 (0.6) 4.6 (1.8) 
Memphis- Victoria 16 (2) 1.6 (0.3) 5.2 (0.9) 
Aichi- Victoria 22 (4) 2.2 (0.6) 6.7 (1.8) 
27 (5) 2.7 (0.8) 8.2 (2.3) 


Total variable sites 





The HA1 and HA2 regions are considered separately; the values for HA2 are given in parentheses. For the HA1 region the total number 
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Silent nucleotide changes Total of nucleotide changes 


pauna anisini 
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No. of % Nucleotide No. of % Nucleotide 
changes changes changes changes 
14 (9) 1.4 (1.4) 30 (13) 3.0 (2.0) 
13 (3) 1.3 (0.4) 32 (5) 3.2 (0.8) 
23 (10) 2.541:5) 48 (14) 4.9 (2.1) 
24 (11) 2.4 (1.7) Sa (16) 5.5 (2.4) 






of nucleotides and amino acids is 


984 and 328, respectively. The AAC insertion (asparagine residue 8) in the Victoria strain has been taken into account only in columns 3 (% amina acid changes) and 6 and 
7 (total of nucleotide changes). The HA2 region comprises 663 nucleotides and 221 amino acids in all strains. 


tively frequently observed interchanges between proteins in 
general’, Apart from this relationship directly determined by 
the genetic code, chemically, the substitutions are often of a 
conservative nature: Gly@ Ala; Ile<> Val; Leue Phe; Leue 
Ile; Glue Asp; Arge*Lys. There is one amino acid change 
(Thr > Tyr) which is both infrequently observed and of a chem- 
ically drastic nature. Whether this latter change (at position 155 
of HA1) is antigenically important is not known. Not surpris- 
ingly, it is the only change caused by two nucleotide substitu- 
tions. 








Glycosylation sites 

All potential glycosylation sites (known to be at Asn-X-Ser or 
Asn-X-Thr sequences) of the Aichi haemagglutinin are identical 
to the sites in A/Memphis/ 102/72, and these glycosylation sites 
have recently been directly confirmed’. Thus, it is probable 
that the glycosylation pattern has remained constant during the 
period 1968-72. However, one site (position 81 in HA1) dis- 
appears and two potential new sites (at positions 63 and 126) are 
created in Victoria relative to the 1968 prototype (and 
Memphis/72). Thus, the pattern of glycosylation in the HA1 is 
not invariable within the H3 subtype. The effect (if any) of this 
variation on the antigenic properties remains to be established. 
Note that the positions of the glycosylation sites are rather 
variable between different subtypes, except at position 154 of 
the HA2 chain, which has been conserved in all influenza A 
strains examined so far? ®t i77, 


Further considerations 


Not only nucleotide substitutions leading to an amino acid 

change but also’ silent mutations occur somewhat more 
frequently in the sequence coding for HA1 (2.3%) than in that 
coding for HA2 (1.5%) (Table 1). This enhanced value is 
statistically significant at the 5% level as tested by y” analysis. If 
this trend is consolidated by more data, the question arises as to 
the meaning of this higher variability in HA1 independent of 
selection pressure at the protein level. It could perhaps be 
interpreted as base changes selected as a function of the preser- 
vation of a defined secondary structure in the viral RNA that has 
been more disturbed by nucleotide changes causing amino acid 
replacements in HA1 than HA2. A well defined secondary (and 
tertiary) structure may be important in the formation of the 
nucleoprotein complex or for packaging the eight RNAs in a 
molar ratio in the particle. Another case where the importance 
of secondary structure in the genome of RNA viruses has been 
well documented involves the RNA phages, where it has been 
shown that the number of base changes between RNA phages is 
2.5 times lower in double-stranded regions than in single- 
stranded regions”. 
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Both C, regions in MPC 11 cells are rearranged into active transcription units, one producing a normal « chain and the other 
an internally deleted x fragment lacking a V region. The gene coding for the x fragment mRNA is aberrantly rearranged 
and lacks a site for V > C, splicing. An alternative splicing event which deletes the V region from the nuclear RNA precursor 


generates the x fragment mRNA. 


IMMUNOGLOBULIN light-chain variable (V) and constant (C) 
regions are rearranged in the formation of active genes (that is, 
transcription units)'*. These somatic rearrangements join a 
specific germ-line V region with a J region while retaining the 
intervening sequence (intron) separating the J and C regions in 
germ-line DNA’. Some myeloma cells also contain C regions 
arranged differently from either the germ-line pattern or the 
pattern in the active transcription unit producing immunoglo- 
bulin light chains’. The detailed structure of such rearranged C 
regions has not been determined. These presumably aberrant 
DNA arrangements have been proposed to be the mechanism 
for allelic exclusion in immunoglobulin-producing cells. 
However, it has not been shown whether or not such aberrantly 
rearranged C regions are transcribed. Indeed, the relationship of 
DNA rearrangements to the activation of immunoglobulin 
genes for transcription remains to be resolved. 

Immunoglobulin messenger RNAs, like virtually every 
eukaryotic mRNA now studied, are processed from larger 
nuclear RNA precursors by RNA splicing". Itseems that RNA 
splicing may be an obligatory step for the generation of stable 
mRNA, One clue to the signals possibly used in RNA 
splicing has emerged from the nucleotide sequencing of cloned 
eukaryotic genes containing introns. All eukaryotic genes now 
studied (including several immunoglobulin light- and heavy- 
chain genes, with one notable exception) have the characteristic 
nucleotides 5’-/GT-intron-AG/-3' at the junctures between 
introns and exons (summarized in ref. 14). Compilation of 
subsequent sequences has shown that the 5’ (upstream) and 3’ 
(downstream) ends of introns approximate to the following 
consensus or ‘optimal’ splice sites ‘*"'° 


intron——— 





These upstream and downstream splice sites flanking an intron 
presumably must be brought together for RNA splicing to occur. 
One of the abundant, small nuclear RNA (snRNA) species 
called U-1 (ref. 17) is exactly complementary to these ‘optimal’ 
sequences at RNA splicing sites. A mechanism for RNA splicing 
has been proposed in which U-1 snRNA is the recognition 
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component of the nuclear RNA splicing enzyme complex and 
hybridizes with both ends of an intron so as to align them in exact 
register for RNA splicing’*’®, However, the significance of 
these presumptive signals and the molecular mechanisms of 
RNA splicing remain to be elucidated. 

We have approached these questions by investigating how 
cloned MPC 11 myeloma cells simultaneously produce both a 
normal « light-chain containing precursor, P, V, J and C, 
regions, and a variant « light-chain fragment containing P and 
C, regions but lacking V and J regions'*"'”, Combining nuclear 
RNA and DNA mapping approaches, we find that the two « 
mRNAs in MPC 11 cells are independently transcribed from 
two separate transcription units with rearranged C, regions. 
Aberrant rearrangement of one C, region in MPC 11 cells 
generates the transcription unit for the « fragment light chain. 
The nuclear RNA transcript of this aberrantly rearranged C, 
region undergoes an unusual RNA splicing step which generates 
the « fragment mRNA. The detailed structure of this variant 
MPC 11 C, gene is presented in the accompanying article”. 


MPC 11 cells contain two rearranged 
C, regions 


The expression of two different « light chains in MPC 11 cells 
suggests that there must be two differently rearranged C, 
regions. This prediction was confirmed by Southern mapping” 
of the C, regions in Bam HI-cleaved DNA from MPC 11 (clone 
45.6) and spleen cells. Hybridization with a cloned cDNA probe 
(pL.21-5, 22) which contains the C, region reveals that 45.6 cells 
contain strongly hybridizing fragments of 3.0 and 7.7 kilobases 
(Fig. 1). Spleen DNA which has non-rearranged C, regions 
contains a single C, band at 14 kilobases. Weakly hybridizing 
fragments of 5.1, 5.5 and 5.7 kilobases, present in all the cell 
lines and spleen DNA, are probably due to a small amount (=50 
nucleotides) of MOPC 21 V-region sequences in the pL21-5 
probe?” which react with MOPC 21 and related V regions in the 
DNA. The MOPC 21 V-region does not cross-hybridize with 
either the MPC 11 or MOPC 321 V regions (E.C., unpublished 
results). 
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To determine which C, restriction fragments correspond to 
the normal and fragment MPC 11 light chains, we examined a 
variant (clone NP.2) which expresses only the x fragment but 
not the normal light chain. In contrast to those of 45.6 cells, the 
BamHI digests of NP.2 cells reveal only a single strongly 
hybridizing fragment of 3.0 kilobases. As this is the only C, 
fragment in NP.2 cells, it must represent the rearranged C, 
region which encodes the « fragment chain. Apparently, the 7.7 
BamHI fragment represents the C. region which encodes the 
normal « light chain in MPC 11 cells, because the loss of normal 
light-chain expression in NP.2 cells is correlated with the loss of 
this fragment. Thus, the loss of normal light-chain expression in 
the NP.2 variant clone, which was isolated from MPC 11 cells by 
nitrosoguanidine mutagenesis, seems to be due to the deletion of 
the rearranged C, region coding for this chain. 


Nuclear RNA species derived from the 
normal and fragment genes 


Previous results from our laboratory™ and from Schibler et al.” 
revealed multiple « light-chain nuclear RNA species in MPC 11 
cells. To distinguish between the nuclear RNA processing 
pathways for normal « and the « fragment mRNAs, we 
compared the « nuclear RNA species in wild-type MPC 11 45.6 
cells making both « chains with those in the NP.2 variant line 
which synthesized only the C, fragment chains. 

Polyadenylated nuclear RNA was fractionated on methyl 
mercury hydroxide gels, transferred onto diazophenylthioether 
(DPT) paper (‘RNA blots’, ref. 24) and hybridized with nick- 
translated C,-gene probe (Fig. 2, panel a). The 45.6 cells 
contain five distinct C, nuclear RNA species: 6.5, 5.6, 3.6, 1.2 
and 0.8 kilobases. The 1.2- and 0.8-kilobase species represent 
the normal « light-chain and « fragment mRNAs, 
respectively”**, These x nuclear RNA species are in approxi- 
mate agreement with those previously reported”** except that 
the largest band is here resolved into 6.5- and 5.6-kilobase 
species. When the C,-gene probe was hybridized to nuclear 
RNA from NP.2 cells, only the 3.6- and 0.8-kilobase species 
were seen (Fig. 2, panel a). 

These findings outline the two different « light-chain RNA 
processing pathways in MPC 11 cells. No larger x nuclear RNA 
species are detected either by RNA blots or in brief pulse- 
labelling experiments (E. C., M. K. and R. W., unpublished 
results). Although it is not formally proven here, we presume 
that the polyadenylated 6.5- and 3.6-kilobase species represent 
the primary transcripts for the « light-chain and « fragment 
mRNAs, respectively. The definition of the sequences in these 
presumptive primary transcripts provides a means of further 
defining the structures of the two active « transcription units in 
MPC 11 cells. 

To characterize these « transcripts further, we isolated two 
specific restriction fragments of the C,-gene clone”? (see Fig. 2, 
inset). One contains a portion of the intron between the J regions 
and C, region (designated IS), the other fragment encompasses 
the entire J-region cluster (designated J; see Fig. 2, inset). The 
intron probe hybridized to the 6.5- and 5.6-kilobase precursors 
in 45.6 cells (Fig. 2, panel 4). It also hybridized to the 3.6- 
kilobase species in both 45.6 and NP.2 cells, indicating that this 
nuclear RNA species contains sequences from the J + C, intron 
in normal « light-chain transcription units. As expected, this 
probe did not hybridize with either the 1.2- or the 0.8-kilobase 
mRNA species. 

We next determined which nuclear RNA species contained 
J-region sequences. As expected, the restriction fragment 
containing all five known x J regions hybridized with the 6.5-, 
5.6- and 1.2-kilobase x RNAs in 45.6 cells (Fig. 2, panel c). In 
contrast, the 3.6- and 0.8-kilobase x species in 45.6 or NP.2 cells 
did not hybridize with the J probe (Fig. 2, panel c), suggesting 
that the transcription unit for the « fragment does not contain J 
regions. 

It has previously been shown that the MPC 11 « fragment 
mRNA contains a MOPC 321-like hydrophobic precursor (P) 
region linked to the C, region'’. To determine if the nuclear 
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Fig. 1 Southern hybridization analysis of the « constant region specific 
BamHI DNA fragments of spleen and MPC 11 wild-type and variant 
plasmacytomas. Fragments generated by BamHI digestion of BALB/c 
spleen, MPC 11 clone 456, and MPC 11 clone NP.2 DNAs were fractionated 
by electrophoresis in 0.75% gels, alkali denatured, neutralized and trans 
ferred to nitrocellulose filters”. The filters were hybridized to 0.2 ug of 
nick-translated **P-labelled pL21-5 plasmid DNA (1.5 x 10" c.p.m. per pg) 
and subjected to autoradiography. The pLzl-5 cDNA plasmid probe 
contains approximately 550 nucleotides of MOPC 21 x mRNA sequence, 
including all the 3'-untranslated, constant region and J-region sequences as 
well as 50 nucleotides of MOPC 21 V-region sequences**. Fragment lengths 
were determined by comparison with ethidium bromide-stained EcoRI and 
HindIll fragments of phage A phage DNA. Lane a, spleen DNA; lane b, 
MPC 11 clone 45.6; lane c, MPC 11 clone NP.2 DNA 


RNA precursor to the C, fragment mRNA also contains the 
MOPC 321 V region, we hybridized a nick-translated restriction 
fragment containing the V region of MOPC 321 tonuclear RNA 
from 45.6 and NP.2 cells. Only the 3.6-kilobase species in both 
cell lines contains a V region which hybridizes with the MOPC 
321 variable region (Fig. 2, panel d). This probe did not hybri- 
dize to the 6.5- or 5.6-kilobase RNA precursors in 45.6 cells, 
establishing that there are no MOPC 321 V-region sequences on 
the precursors to the normal « light chain of MPC 11 cells. 

The two independent « nuclear RNA processing pathways 
are clearly defined by these results. Those RNA precursors in 
the normal « light-chain processing pathway are identified by 
the presence of J-region sequences, and those in the « fragment 
pathway are distinguished by the presence of MOPC 321 V- 
region sequences. 

The processing pathway for the fultlength x mRNA is 


V-C, 


splice 
6.5 kilobases — 5.6 kilobases ———> — 1.2-kilobase mRNA 


In the transcription unit for the normal MPC 11 « light chain, 
the V region is joined to J, and contains a 3.5-kilobase intron 
separating the joined V+ J from the C, region™*. This intron is 
removed in the processing step from the 5.6-kilobase nuclear 
RNA to the 1.2-kilobase mRNA, apparently with another 
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Fig. 2 Analysis of nuclear RNA 

species in 45.6 and NP.2 cells. Nuclear 

RNA was prepared from detergent- 

washed nuclei*’, Poly(A)” nuclear 

RNA was fractionated on 1% agarose 

gels containing 5.0 mM methyl mercury 

hydroxide”. Nuclear RNA was loaded KBP 

at 20 ug per lane. All operations involv- 

ing methyl mercury hydroxide were car- 65> 
ried out using appropriate safety 5.5- 
measures. The RNA transfer was carried 
out as described by Wahl er al.™ except 
that DPT paper was used instead of 
diazobenzyloxymethyl paper. Follow- 
ing transfer, the DPT paper was hybri- 
dized with nick-translated probes and 
washed in conditions described by Wahl 
et al”. The restriction fragments used 
for nick translation were isolated from 
agarose gels*’. The specific activities of 
the **P-labelled probes ranged from 7 x 
10’ to 2x10" c.p.m. per ug; 2-3 x 10° 
c.p.m. were hybridized to each lane. The 
following probes were each hybridized 
to a pair of lanes containing the nuclear 
RNA from 45.6 and NP.2 cells. Panel a, 
C, embryo genome clone. The 6.5- 
kilobase Xbhal-Hindlll restriction 
fragment’ from the C, clone is outlined 
in the inset below the RNA lanes. Panel 
b, intervening sequence probe. A 1.1- 
kilobase Xbal-Hindlll restriction 
fragment designated IS in the C, 
embryo gene was used. Panel c, J-region 
probe. A 1.7-kilobase HindIlIl/Xbal 
restriction fragment designated J in the 
diagram was used. panel d, 321 variable 
region probe. An Aval restriction 
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fragment containing the 321 variable region was isolated from a recombinant cDNA clone. Filters in panels b, c and d rehybridized with the C, embryonic probe used 
in lane a showed that all the « nuclear species were present on these filters (data not shown). The following mouse rRNAs were used to calculate the sizes of hybridized 
nuclear RNA bands 45s(14.1 kilobases), 32s (6.6 kilobases), 28s (5.2 kilobases) and 18s (2.1 kilobases)”™*. 
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Fig.3 The transcription unit and nuclear RNA processing pathway for the 

MPC 11 C, fragment mRNA. Polyadenylation of the 3.6-kilobase nuclear 

RNA precedes RNA splicing. Other details of the model are discussed in 
the text. 


undefined intron amounting to approximately 1 kilobase. This 
V >C, splicing event may proceed throught a rapidly labelled 
intermediate of approximately 2.1 kilobases which is readily 
detected in pulse-labelling experiments” but not in RNA blots, 
as the latter technique primarily detects stable species of nuclear 
RNA. 

The processing pathway for the x fragment mRNA seems to 
be 


PC, 
splice 


3.6 kilobases ———> — 0..8-kilobase mRNA 


Because the 3.6-kilobase nuclear RNA precursor lacks a J 
region and the germ-line MOPC 321 V region lacks an upstream 
splice site, this V region cannot be spliced to the C, region. The « 
fragment chain lacks¢he last three carboxy-terminal amino acids 
of the MOPC 321 P region’*’®. This suggests that the normal 
splicing site at the 3’ end of the P region is spliced to the site at 


the 5’ side of the C, region, thereby generating the fragment 
light-chain MRNA (Fig. 3). It is not Known if the P region is 
alternatively spliced to the 5' end of the 321 V-region gene. The 
RNA product of such a splice, removing only approximately 0.2 
kilobases, would probably not be distinguished in RNA blots. 
Moreover, the product RNA might be rapidly degraded in the 
nucleus. The efficiency of P>C, splicing is not known. 
However, it is likely that this unusual splice occurs at a 
comparatively high frequency, because the 3.6-kilobase RNA 
species and the x-fragment mRNA comprise, respectively, some 
20% of the « RNA in the nucleus and cytoplasm of 45.6 cells. 
The P > C, splice removes approximately 2 kilobases. An addi- 
tional splice removing approximately 0.8 kilobases also 
apparently occurs in the generation of the « fragment mRNA. 
This splice presumably involves 5’-untranslated leader 
sequences (Fig. 3). 


Structure of the « fragment transcription unit 


The fragment transcription unit apparently contains P, V and C 
regions, but lacks J regions. Moreover, it contains the interven- 
ing sequence up to 1.1 kilobases from the 5' side of the C, region 
(that is, sequences homologous to the XbalHindIII fragment; 
Fig. 2, inset). A model consistent with these results would 
predict that the embryonic MOPC 321 V region is joined to a 
point in the intervening sequence preceding the embryonic C, 
gene (including the HindIII site 1.1 kilobases from the C, 
region), such that the J regions are deleted. The presence of the 
fragment x gene on a 3.0-kilobase BamHI restriction fragment 
allows us to localize the rearrangement further. A BamHI 
restriction site is located 1.2 kilobases 3’ to the embryonic C, 
gene’. The sequences flanking the 3’ end of the C. gene are 
conserved during the somatic rearrangement of the DNA to 
form the active immunoglobulin gene™*®. Assuming that the C, 
gene amounts to 0.5 kilobases (including the contiguous 3'- 
untranslated region), the BamHI site 5' to the C, gene is 
approximately 1.4 kilobases away. No BamHI site exists in this 
region in the embryonic C, gene**. Therefore, this BamHI site 
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must have originated on the 3’ end of the rearranged MOPC 321 
V region’. A likely BamHI site ts found at amino acid 96 in the 
germ-line MOPC 321 variable region’. This would place the 
rearranged 321 V region approximately 1.4 kilobases away from 
the C, region (Fig. 3). This predicted arrangement of the MPC 
11 x fragment transcription unit has been confirmed by direct 
nucleotide sequence by Seidman and Leder”. 


Discussion 


These results clearly show that both C, alleles can be rearranged 
into concomitantly active transcription units. However, with 
regard to allelic exclusion, it should be noted that these MPC 11 
cells produce only a single functional secreted x chain. Because 
the aberrant rearrangement which generates the x fragment 
occurs by recombination between homologous germ-line DNA 
sequences”, it is likely that other immunoglobulin-producing 
cells will also express V regions joined at this intervening 
sequence site. Certainly, the demonstration that such rear- 
ranged C, genes are transcribed suggests that the activation of 
immunoglobulin C, genes for transcription does not necessarily 
result from the normal V >J joining event. Recent findings 
indicate that in certain myeloma cell lines, an unrearranged C, 
gene is apparently transcribed concomitantly with the rear- 
ranged C, gene which generates mRNA”. This suggests that 
DNA rearrangement may not initiate the transcription of an 
immunoglobulin gene but may rather generate a complete 
transcription unit bounded by an initiation site for transcription 
(contributed by the V-region segment) and a poly(A) addition 
site (contributed by the C-region segment). These two elements 
may be sufficient to delineate a transcription unit capable of 
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producing a stable, polyadenylated primary transcript which can 
be processed to immunoglobulin mRNA. 

The MPC 11 « fragment mRNA contains two exons (P, Ca 
which are not normally spliced together in immunoglobulin 
mRNA. Such shuffling of exons presumably does not occur very 
frequently in normal mRNA splicing. However, RNA splicing 
can apparently bypass a mutant splicing site provided that the 
RNA precursor contains other introns with functional splicing 
sites. In such precursors, as in the MPC 11 x fragment, such an 
event could result in the deletion of a complete exon. 

This seems to be the most likely explanation for the large 
number of immunoglobulin heavy-chain deletion variants which 
have lost internal domains or the hinge region”? A partic- 
ularly striking example of such a heavy chain deletion variant is 
the IF2, y; chain, which lacks the Cy! domain and has the Vu 
region joined directly to the hinge”. A y, heavy-chain gene 
which may resemble the IF2 variant gene has been cloned from 
MOPC 21 myeloma tumour DNA”. This MOPC 21 y, clone is 
identical in nucleotide sequence to another y, gene clone from 
embryo DNA” except that the trinucleotide, GTG, which 
directly follows the Cy1 domain, is deleted*”’. Presumably, 
RNA transcripts of this MOPC 21 y, gene lack a functional 
splice site at the C,1/intron juncture and would be expected to 
splice the Vy region to the hinge, producing an internally 
deleted variant chain like IF2. Future studies on immunogio- 
bulin deletion variants should serve to-define further the signals 
and steps in RNA splicing. 
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A mutant immunoglobulin light chain is formed 
by aberrant DNA- and RNA-splicing events 


J. G. Seidman & Philip Leder 
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A mutant immunoglobulin gene has been formed by an abnormal (non V/J ) recombination event such that abnormal RNA 
splicing is required to form a mutant light chain. The structure of the gene suggests that the small palindrome thought to be 
involved in V/J joining also provides the basis for this abnormal DNA recombination and that the absence of a J segment 
and RNA splice signal allows an abnormal RNA splicing reaction to occur. 





THE generation of antibody diversity depends on a specialized 
form of genetic recombination that operates in somatic cells 
during lymphocyte differentiation’. The combinational power 
of joining one of several hundred variable region genes to one of 
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the four J-region segments encoded close to the constant- 
region gene creates literally thousands of unique genetic possi- 
bilities”. Recent DNA cloning and nucleotide sequences 
analyses have revealed many of the molecular details of this 
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process, including a plausible molecular basis for the special 
recombination event””. They also provide an accurate picture of 
an active x immunoglobulin gene’. In its final form, the « 
light-chain gene consists of three separate coding elements 
separated by two intervening sequences of DNA. Obviously, the 
formation of a light chain requires both DNA- and RNA- 
splicing reactions. 

Kuehl and Scharff’? have described an immunoglobulin- 
producing cell that is relevant to both these processes. They 
showed that the cell line MPC-11 produced two light chains, one 
apparently normal and the other, a lower molecular-weight 
fragment, at first thought to contain only constant region 
sequences. Further studies showed that a derivative of this cell 
line had lost its ability to produce normal light chains, but that it 
continued to produce the fragment. In addition, the fragment 
was encoded in a shorter-than-normal mRNA species''. These 
studies led to the conclusion that there must be two indepen- 
dently active x genes in MPC-11 cells and that (at least in this 
instance) the process of allelic exclusion that affects most anti- 
body-producing cells had been circumvented'’. Subsequent 
amino acid sequence determinations'*’* on an in vitro 
synthesized fragment precursor showed that it consisted of a 
hydrophobic leader sequence joined directly to the « constant 
region and that the sequence corresponding to the variable 
region (the joined V and J segments) was completely lacking 
(Fig. 1). Moreover, the hydrophobic leader sequence of the 
fragment was different from that of the intact light chain 
produced by MPC-11. Instead, it corresponded to a sequence 
associated with the VK21 subgroup of «x light chains'*'*, an 
observation that strengthened the notion that each MPC-11 
light chain corresponded to a separately expressed allele. 

While the simplest explanation for these observations might 
have been that both chromosomal genes underwent V/J 
recombination in MPC-11 and that one, the fragment gene, 
suffered a subsequent deletion of the separately encoded V/J 
segment, this is not the case. While it might also seem possible 
that the rearranged gene arose from the normally rearranged 
gene by a subsequent deletion, this is ruled out by our finding 
that the normally rearranged chromosome has lost (by deletion 
associated with V/J recombination) the V-region genes cor- 
responding to those used to form the fragment gene (J.S. and 
P.L., unpublished data). Since we also found that the fragment 
gene lacks all J regions, neither gene could serve as precursor for 
the other and both, therefore, appear to have been derived from 
independent, allelic germ-line chromosomes. Using DNA clon- 
ing, direct sequence analysis and in situ hybridization, we show 
that both alleles have indeed undergone rearrangement in the 
MPC-11 cell line, but that the fragment gene has undergone a 
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Fig.1 The structure of the MPC-11 light 
chains and their genes. The MPC-11 cell 
synthesizes two x light chains—a normal x 
light chain and the MPC-11 fragment. We 
presume that the normal « light chain is 
encoded by a normal « gene, while the 
MPC-11 fragment is encoded by the 
MPC-11 fragment gene. The leader of the 
MPC-11 normal « light chain (L,,) and 
the leader of the MPC-11 fragment (Lp) 
do not have the same amino acid 
sequence '“"'*. The amino acid sequence 
of Le is identical to the leader of the 
MOPC-321 light chain'*''*. Scale bar, 0.1 
kilobase pairs. 
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recombination event that has joined its V region to a site close to 
the « constant region, but not associated with any J segment. 
This joining has apparently been guided by the same palin- 
dromic sequence (CACAGTG) that occurs adjacent to all V and 
J segments thus far sequenced, for the recombination has 
occurred at the only instance of this palindrome between the J 
regions and the « constant-region gene (E. Max, unpublished). 
Since the J region normally provides the RNA splice site at the 5' 
end of the intervening sequence between the variable and 
constant regions, its absence in the fragment gene must prevent 
the normal RNA splice from occurring. Thus the fragment 
mRNA must be formed by an aberrant RNA splice involving the 
hydrophobic leader segment skipping its normal splicing part- 
ner, the V segment, and being joined directly to the C region. 
The nucleotide sequence suggests a mechanism for the aberrant 
DNA splicing event that involves homologous rather than 
normal V/J recombination. 

In an accompanying study, Choi, Kuehl and Wall’? show how 
this mutant gene generates mRNA precursors that follow the 
required aberrant RNA splicing pathway and that their struc- 
ture can be reconciled with the structure of the mutant gene 
described here. 


1:5 


Restriction fragments containing the constant 
region gene in MPC-11 DNA 


Confirmation of the prediction’? that MPC-11 cells encode two 
separate and active « constant-region genes was obtained from 
in situ hybridization experiments in which all the restriction 
fragments that encode « constant regions could be identified 
(Fig. 2). If two constant region genes are present in MPC-11 
DNA and have undergone somatic rearrangement, one would 
expect to find two new restriction fragments each containing a 
constant region, neither of which should be identical to the 
fragments observed in embryonic DNA. Cleavage of MPC-11 
DNA with the restriction enzyme BamHI produces two such 
fragments, one 7.7 and the other 3.0 kilobase pairs in length 
(Fig. 2). The presence of two non-germ-line genes in MPC-11 
DNA does not, however, prove that both of these genes are 
involved in the synthesis of the two light chains expressed in 
MPC-11 cells. Nor does it allow us to identify the fragment 
responsible for mutant light-chain production. Other plas- 
macytoma cells have been shown to contain several non-germ- 
line genes other than the one which is expressed as a light-chain 
polypeptide (ref. 7 and E. Max, S. P. Kwan, J. G. S. and P. L., 
unpublished results), The assignment of the two BamHI restric- 
tion fragments to the normal and fragment light-chain genes can 
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be made by taking advantage of several cell lines derived by 
Scharff and co-workers from MPC-11 that continue to produce 
the fragment peptide but no longer produce the normal MPC-11 
light chain. 

One of these cell lines, NP2, yields DNA containing only the 
3-kilobase pair BamHI constant-region containing fragment 
(Fig. 2). Presumably the 7.7-kilobase pair fragment missing in 
NP2 but present in the parental line encodes the normal MPC- 
11 light chain, while the 3.0-kilobase pair BamHI fragment 
must encode the fragment polypeptide. Apparently the NP2 
cells have suffered a deletion of the normal MPC-11 light-chain 
gene and this deletion accounts for their inability to synthesize 
this light chain. Interestingly, another cell line, B47L3NP, has 
also lost the ability to produce the normal MPC-11 light chain, 
but has retained the 7.7-kilobase pair BamHI fragment (Fig. 2). 
Obviously the mechanism by which this gene is inactivated is not 
accounted for by a major deletion, making it a fruitful subject for 
further investigation. 


The MPC-11 fragment gene consists of a 
variable region and constant region without a 
J segment 


To determine the genetic mechanism that led to the formation of 
the fragment peptide, we isolated the MPC-11 EcoRI DNA 
fragment that encodes the rearranged fragment gene using 
preparative agarose gel electrophoresis’’. The proper fragment, 
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Fig.2 The constant region containing fragments in DNA derived 
from embryonic light chain producing and non-producing cells. 
The DNA from 14-day-old BALB/c embryos (E), MPC-11 and 
NP2 myeloma tumours, and the 45.6 and B47L3NP (47L3NP) cell 
lines was restricted with BamHI nuclease, and fractionated on an 
agarose gel, blotted onto nitrocellulose filters and hybridized to 
2P-jabelled constant region probes as described previously” 7 
The B47L3NP cell line was derived from 45.6 and no longer 
secretes a normal « light chain. NP2 was originally derived from 
MPC-11 cells as a cell that does not secrete normal MPC-11 light 
chain, and has since been carried as a myeloma. The constant 
region probe hybridizes to one fragment of embryonic DNA (14.0 
kilobase pairs) but two fragments of MPC-11 DNA (7.7 and 3.0 
kilobase pairs). The arrow indicates the absence of the 7.7-kilobase 
pair fragment in NP2 DNA; we presume that this fragment 
encodes the MPC-11 normal « light chain. The 3.0-kilobase pair 
BamHI fragment derives from the MPC-11 fragment gene. 
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Fig.3 The restriction fragments used to determine the nucleotide 
sequence of the MPC-11 fragment gene. A 20-kilobase pair 
constant region containing EcoRI fragment was cloned from MPC- 
11 DNA into Charon 4A (CH4A MPC-11 fragments) using the 
procedures described previously”. This phage contained a 5-kilo- 
base pair HindIII fragment that hybridized to the 2.8-kilobase pair 
HindIII fragment derived from embryonic DNA that contained all 
of the x J-region segments and 1.0 kilobase pairs of intervening 
sequence’. The 5-kilobase pair HindIII fragment was subcloned 
into pBR322 (pBR322-MPC-11 fragment) as previously 
described®. Three BamHI fragments (1.8, 0.6 and 0.1 kilobase 
pairs) were excised from this plasmid and subjected to the nucleo- 
tide sequencing procedures described by Maxam and Gilbert”. 
The arrows indicate the orientation of the sequences determined 
and the approximate length of the sequence obtained from each 
restriction fragment. Scale bar: 0 1 kilobase pairs. 


about 20 kilobase pairs long, could be identified because it 
yielded the expected 3.0-kilobase pair BamHI fragment (Fig. 2). 
The fragment was cloned in A vector CH4A, identified and 
further purified using standard recombinant DNA techniques". 

Preliminary restriction mapping and hybridization experi- 
ments indicated that the fragment gene did not contain any of 
the x J-region segments (data not shown). That is, the cloned 
MPC-11 fragment gene did not hybridize to restriction frag- 
ments containing several x J regions, and it did not contain the 
Xbal, SacI or Bglll restriction sites that are about 1,000 base 
pairs to the 3’ side of the x J regions (refs 8, 9, and our 
unpublished results). Thus, it seemed that the MPC-11 fragment 
gene was formed by a recombination event that occurred about 
1,400 base pairs from the « constant region at a position that 
contained no J-region genes. 

These conclusions could be confirmed and further details 
revealed by direct sequence determination. Accordingly, an 
appropriate HindIII fragment was sub-cloned from the hybrid 
phage into pBR322 and the sequence of the relevant region 
determined using the chemical degradation procedure of 
Maxam and Gilbert’? according to the strategy outlined in Fig. 
3. The complete sequence of the segment, translated in accor- 
dance with the genetic code is shown im Fig. 4. 

The fact that the hydrophobic leader segment identified by 
our sequence was in agreement with the amino acid sequence 
determined on the fragment peptide'* *, confirmed that we had 
cloned the correct gene. But the sequence also revealed that the 
aberrant recombination event that formed the fragment gene 
had brought in an unexpected, cryptic W-region coding sequence 
that was not expressed in the fragment polypeptide. In contrast 
to the situation in normal light-chain genes, the V-region 
sequence was not adjacent to a J segment. 


The MPC-11 fragment gene was formed by 
an unusual recombination event 


Normally a «x light-chain gene is formed by a recombination 
event that joins one of many «x variable-region genes to one of 
four J regions to create a gene with the structure indicated in Fig. 
1 (normal x gene). The structure of the MPC-11 fragment gene 
(Figs 1, 4) is unusual. As noted above, this gene has no J region 
and lacks part of its intervening sequence. It is, therefore, 
unlikely that this gene was formed by the site-specific recom- 
bination events that normally join V and J segments. Clearly 
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g ACATGTGATGTICTAGTAAATTTTCTGCTAACACCAACTICCTCTGGGTGGGTGAAACAGGGGCAGGTGCACATGGAGAAACAGTACATATACTCTOCTG 
100 ATTTGCATATGAAATAATTITATAACAGCCTGGCXXXXXCTGCGAT GGAGACAGACACACTCCTGCTATGGGTIGCTXCTGCTICIGGGIICCAGGIGAGGG 
INIGluThrAspThrleuleuleuTrpValValLeuLeuTroValPro 
200 CGOTCAGAAGT GCCGAGAGAAACCTCTGIGGACATCATGATTTTIGCATGCCTATGGGTICATAAACACTATAATTAATGCACTGTAATIGGITATIGHITC 
399 CTGGAGACCCCTICATITACCTGGATGTICTAATAGTGATGTCCGCAAGTATTICTIGATATTTTTIGT TGAAAGGTIXXXCTCTGCTGGGAAGGCTITTTATAC 
400 ATAAATAACAATAGTCTGIGIGITTATCATTCCAGGT TCCACAGGTGACATIGIGCTGACCCAATCTCCGGCTICTTIGGCIGIGTICICTAGGGCAGAGG 
GlySerthrGlyAsplleValleuThrGinSerProdAlaSerlLeuvAlaValSerlouGlyGlnArg 
500 GCCACCATATCCTGCAGAGCCAGTGAAAGTGTIGATAGT FATGGCAATAGTTITTATGCACTGGTACCAGCAGAAACCAGGACAGCCACCCAAACTCCICA 
AlaThrileSerCysérgAlaSerGluSerValAspSertyrGlyAsnSerPhoMetHisIrptyrGlnGlinlysProGlyGlnProProlyslLouLeul 
690 TCTATCGTGCATCCAACCTAGAATCTGGGATCCCTGCCAGGT TCAGTGGCAGIGGGTCTAGGACAGXXXXXXCCCTCACCATTAATCCTGIGGAGGCIGA 
letyrArgAlaSerAsnleuGluSerGlylleProAlaArgPheSerGlySerGlySerArgilhrAspPhetThrleulThrileAsnPravalGluAlaAs 
708 TGATGTTGCAACCTATTACTGTCAGCAAAGTAATGAGGATCCGCACAGTGATAGGAACAGAGCCACTAATCTGAAGAGAACAGAGATGTGACAGACTACA 
pAspValAlathrfyrTyrCysGinGlnSerAsnGluasp 
800 CTAATGTGTGAAAAACAAGGAAAGGGGTIGACTT 


--———1.4 kilobase pairs ————— 
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Fig.4 The nucleotide sequence of the MPC-11 fragment gene. The nucleotide sequence was determined as described in Fig. 3. The portion of 

the gene that has been sequenced is indicated in the diagram. The leader corresponds to the first amino acid coding block and the variable region 

to the second coding block. The line over the sequence at the 3’ end of the variable region corresponds to the homologous segment found in 
several x variable regions and the « intervening sequence. Scale bar, 0.1 kilobase pairs. 


one of the germ-line precursors of this gene must have been the 
germ-line « constant-region gene. The fragment containing this 
gene has been cloned and much of its nucleotide sequence has 
been determined (refs 8, 9 and E. Max, unpublished data). The 
3' end of the MPC-11 fragment gene is identical in sequence toa 
region about 1.4 kilobase pairs 5' from the K constant-region 
coding sequence. The other germ-line precursor of MPC-11 
fragment gene must be the «x variable-region gene we see here in 
rearranged form (Fig. 4). From the amino acid translation of its 
nucleotide sequence, it is clear that this variable region gene is a 
member of the BALB/c V,21 subgroup”. In fact, one of the 
proteins that falls into this subgroup but is derived from NZB 
mice (V,21(C) has an amino acid sequence identical to the 
variable-region gene found in the MPC-11 fragment gene”’. It 
seems that the MPC-11 fragment gene derived its variable 
region from one member of the BALB/c V,.21 subgroup. 
How was this V,,21 variable region gene brought to within 1.4 
kilobase pairs of the « constant-region gene into a region that 
lacks J segments? We and others*” have suggested that normal 
V/J gene recombination involves the recognition of a palin- 
dromic sequence (CAC*/,;GTG) that is found immediately to 
the 5’ side of all J regions and to the 3’ side of all V regions thus 
far sequenced”? This V/J joining event does not take place 
by homologous recombination because these palindromic 
sequences are removed from both the variable and the J region 
during recombination. Homologous recombination would have 
preserved one copy of the homologous sequence. The sequence 
CACAGTG occurs only once between the J- and C-region 
genes and this is exactly at the site of the recombination event 
that formed the fragment gene (see below); the palindrome has 
been preserved in the MPC-11 fragment gene (Fig. 5). 
Homology between the germ-line V- and C-region segments, 
in fact, extends beyond the V/J palindrome. As noted above, the 
2.5-kilobase pair intervening sequence that separates the germ- 
line « constant-region gene from the J-region segments contains 
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the palindromic CACAGTG only once at a position about 
1.4 kilobase pairs from the C-region gene. By aligning the 
recombined fragment gene sequence and the germline J/C 
segment, the point of divergence between the two sequences 
identifies the point of recombination. When the two sequences 
were aligned we realized that the recombination event must 
have taken place within 15 base pairs of the 3’ end of the V,.21C 
variable region gene at a point 1.4 kilobase pairs from the 
C-region gene. The sequence 5’-CACAGTGATA-3’ (or a 
sequence that differs by only a single nucleotide) has been found 
at the 3’ side of the three x variable-region genes that have thus 
far been characterized’’*. This sequence is also found at the 3’ 
side of the variable-region gene found in the MPC-11 fragment 
gene and has also been located at the recombination site in the 
germ-line J/C fragment. Thus it seems that this fragment gene 
was formed by homologous recombination taking advantage of 
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Fig. 5 A model for the homologous recombination event that 

formed the MPC-11 fragment gene. The data that suggest that this 

recombination is intrachromosomal and occurs on the non-rear- 
ranged chromosome will be presented elsewhere”. 
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Fig. 6 The two possible splicing modes 
for RNA transcripts of the MPC-11 
fragment gene. By analogy to a normal 
light-chain gene, the MPC-11 fragment 
gene must have three of the four normal 
splice signals (+); the missing splice signal 
(—) is due to the lack of a J-region gene. a 
These three splice signals could be used in 
two different modes, to generate two 
different mRNAs, 


Splice signals: 


Splicing modes: 


sequences that are found on both the germ-line variable-region 
and « constant-region/J-region intervening sequences. The 
event is shown diagrammatically in Fig. 5. This finding further 
suggests that this position might behave as a hot spot for 
aberrant light-chain gene formation. Indeed, similar genes may 
account for short mRNA species seen in a number of plas- 
macytoma cell lines**. 


Forbidden splicing of the precursor RNA is 
required to form the fragment peptide 

A comparison of the structures of the fragment peptide and its 
corresponding gene presents something of a paradox in that the 
V-region sequence is present in the gene, but absent in the 
fragment polypeptide (Fig. 1). Normally, the V-region coding 
sequence is joined to a J segment that must contribute, in 
addition to a 13-codon long segment of DNA, a signal for RNA 
splicing so that the V/J segment can be joined to the constant- 
region sequence in the mature mRNA. In the case of the 
fragment gene, there is no J segment and therefore apparently 
no signal for joining V and C regions into a continuous mRNA. 
The theoretical splicing alternatives for the fragment gene tran- 
script are shown diagrammatically in Fig. 6. A normal splice pair 
exists between the leader and V-region segments (Fig. 6a), but 
this splice would lead to the formation of leader-variable region 
peptides coupled to the translation product derived from the 
intervening sequence. No such peptides have been sought or 
found. The only way the mRNA corresponding to the fragment 
peptide could be formed is by joining the leader sequence 
directly to the constant-region sequence (Fig. 65), skipping the 
normal leader/V splice. Formation of the fragment peptide 
must, therefore, involve not only an abnormal DNA recom- 
bination event but also an abnormal RNA splice. 

Ordinarily an RNA splice that produces a mutant protein 
would be expected to be quite rare. Errors in splicing occurring 
in even a small proportion of splice segments would seem 
disadvantageous in a large gene containing many splice 
junctions since they would seriously reduce the yield of normal 
mRNA. Evidently some feature of the transcript must specify 
the splicing order, assuring that proper donors and acceptors are 
matched and joined. The fragment light chain gene evidently 
lacks this control. The simple notion that processing can only 
occur by splicing next to adjacent donors and acceptors is ruled 
out by this mutant gene, because the existence of the MPC-11 
fragment proves that the constant region competes successfully 
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with the variable region for joining to the leader sequence 
(fragment mRNAs constitute roughly 20% of normal mRNA 
levels''). On the other hand, it is possible to imagine that 
forbidden splices occur only when there is an imbalance between 
donors and acceptors. That is, perhaps a preference for adjacent 
donor/acceptor joining normally reduces the availability of 
unmatched partners and provides sufficient specificity to guide 
normal splicing. The difficulty with this notion, while accounting 
quite well for the events that occur in this mutant light-chain 
gene, is that it does not satisfactorily account for the variation in 
splicing observed in several viral mRNA precursors in which 
alternative splice pathways are frequently used*°**, 


Violation of allelic exclusion: activation of 
light-chain promoters 


Kuehl and Scharff and their co-workers’? concluded that, in 
contrast to the usual situation in antibody~-producing cells, two 
genes must be active in the MPC-11 cell. The basis by which 
allelic exclusion is avoided in MPC-11 can be discerned by 
taking into account the structure of these genes and the recent 
observation by Perry et al.” that both constant-region genes, 
germ line and rearranged, are actively transcribed in many 
plasmacytomas. Most antibody-producing cells contain only one 
gene that has undergone V/J recombination so as to produce a 
normal light chain, Notwithstanding the fact that both genes are 
transcribed, only the properly rearranged one will produce a 
light-chain product. In the case of MPC-11, one normal 
light-chain gene has presumably beer formed (Fig. 2), but the 
fragment gene, though abnormally formed, is actively tran- 
scribed and has sufficient elements of structure so as to produce a 
mutant light chain. This observation, taken together with those 
of Perry et al., suggest to us that 2 higher order of control 
activates regions of a chromosome and that promoters that 
happen to fall within this region will be actively transcribed. For 
example, all V-region sequences might carry their own 
promoters which remain inactive until moved into an open 
region of a B-cell chromosome. Such a region obviously sur- 
rounds the C-region locus. The availability of many cloned 
V-region segments suggests that the existence of multiple, 
independent V-region promoters can be tested experimentally. 
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Since the discovery of the intense bursts of y rays by Klebesadel 
et al. in 1973, little progress has been made in the identification 
of the sources of the bursts. The initial observations provided 
directions to several sources with sufficient accuracy to establish 
the approximate isotropic distribution of the sources’, but not to 
provide a basis for association with any known objects. y-ray 
burst astronomy entered a new phase in 1976 with the launch of 
Helios 2 and Solrad 11 containing the first experiments designed 
expressly for that purpose’. It then became possible to derive 
several error boxes that were very narrow in one dimension*”. 
Using these data it was determined that the bursts are not 
associated with any type of object that has previously been 
recognized as a high energy astrophysical source-—for example, 
X-ray sources. In 1978 a true interplanetary network of burst 
detectors was established with the launch of instruments on 
Pioneer Venus Orbiter®, ISEE 37° and Venera 11 and 12%". 
With baseline separations that can exceed 1 AU, this network 
provides a basis for the location of the y burst sources with an 
accuracy sufficient for optical identifications. We briefly describe 
here one of these instruments, a joint Berkeley/Los Alamos 
experiment on the ISEE 3 spacecraft, and present some initial 
results from that experiment. These results are currently being 
combined with those from the other experiments to obtain 
accurate burst locations to be reported elsewhere. 

The University of California X-Ray Spectrometer’ was ori- 
ginally designed to monitor solar emission continuously over the 
energy range 4.8--14 keV (1.2 cm? Xe/CO; proportional coun- 
ter) and 12-1,264 keV (22 cm? Nal(TI) scintillation detector). 
Additional electronic instrumentation, provided by the Los 
Alamos Scientific Laboratory (LASL), was later incorporated 
into the experiment to record the data from the intense, short 
lived y-bursts at a very high rate and with good timing accuracy. 
This addition consisted of a data handling system that accepts 
photon counts from the higher energy PHA channels of the 
scintillation detector and monitors the counting rate for rapid 
increases that indicate either a y burst or a solar flare. When a 
transient event of either origin occurs, high time resolution data 
are accumulated in a 36 kbit solid state memory for later trans- 
mission at a much reduced rate. During a y burst the summed 
counting rate from six PHA channels covering the energy range 
136-1,264 keV is recorded at the highest time resolution. For 
counting rates below 1,365 s~’ the accumulations are made over 
fixed intervals of 11.72 ms. At higher rates the operation 
automatically changes to a ‘time-to-spill’ mode wherein the 
resolution improves linearly with counting rate to an ultimate 
0.24 ms, while the statistical significance of each accumulation 
remains constant. Six-channel energy spectra covering the same 
136-1,264 keV range are accumulated simultaneously at a 
factor of 12 coarser time resolution. None of the bursts observed 
to date have challenged the counting rate capacity or ultimate 
time resolution of the instrument. (The extremely intense 
5 March 1979 event was largely blocked by the spacecraft.) 
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The ISEE 3 spacecraft was launched in August 1978 and was 
placed into a heliocentric orbit so that it remains approximately 
on the Earth-Sun line (at the inner Lagrangian point) at a 
geocentric distance of 0.01 Av (5 light s). Between launch and 
19 April 1979, 12 y bursts, each confirmed by other instru- 
ments, have been detected and recorded by the UCB/LASL 
experiment. Bursts known to have occurred on 24 November 
1978 and 13 January 1979 were missed due to incomplete 
(~90%o ) satellite tracking coverage. Virtually all spurious events 
that we have seen here were caused by statistical fluctuations in 
the background counting rate, as opposed to cosmic ray-induced 
noise or other non-statistical sources. These spurious events can 
occur as frequently as ~1 per day, depending on the trigger 
criteria in effect. As the criteria are selectable by command, we 
have sacrificed some sensitivity to eliminate the spurious events 
during most of the mission. Table 1 lists the dates and times of 
the confirmed y burst events and their approximate peak 
intensities (defined as the highest 0.14 s wide time-history bin) 
and total integrated fluxes. The latter two quantities have not 
been corrected for detector efficiency or spacecraft shielding and 
scattering. Thus, the intensity entries in Table 1 are useful only 
as a very rough guide and as an indication of the sensitivity and 
dynamic range of the instrument. For example, it can be inferred 


missed because of their spectra, directions, or time histories, 

Figure 1 shows samples of the temporal and spectral data 
obtained so far. We do not discuss the singular event of 5 March 
1979 as it has been treated extensively elsewhere (see, for 
example, refs 12-14). The 4 November 1978 event (Fig. 1), 
though unusually intense, exhibits most of the classical y-burst 
characteristics such as fast rise and fall times, multiple peaked 
structure, and near background rates between peaks. As can be 
seen qualitatively in Fig. 1Ab, a y” analysis of the spectral 
information showed no evidence for spectral variability, to 
within the statistical uncertainties. In view of the complex time 
history, this spectral constancy above 130 keV seems surprising, 
and must bear critically on the emission mechanism for this 
burst. The Apollo 16 y burst’™ t" and others* also featured 
complex structures combined with no detectable spectral vari- 
ability. Finally, an intriguing pattern can be seen in the time 
history of this event. Namely, the bulk of the emission is 
concentrated in three double peaks, with ~9 s between doublets 
and with the components of the doublets separated in time by 
amounts proportional to their intensities. While we make no 
claims regarding the significance of this possible pattern, we 
point it out as the type of information that-can be extracted from 
continuous, high time resolution y-burst data records. Clearly, 
the short-lived nature of the bursts means that a collection of 











Intensity Flux : 
Date Time (UT) (photonsem “s ') (photons em~*) 
14 September 1978 16.42.08 id b 
18 September 1978 19.49.33 7 7.5 
21 September 1978 03.55.56 9.2 7,5 
19 October 1978 18.26.46 2.8 7.4 
4 November 1978 16.17.49 29 80 
15 November 1978 21.07.25 2 3 
19 November 1978 09.26.58 28 65 
5 March 1979 15.52.05 74 16 
7 March 1979 22.18.51 6.5 re | 
31 March 1979 21.09.36 3 2.8 
18 April 1979 07.41.02 8.8 9.3 
19 April 1979 16.13.43 3.8 7.8 





* Data were lost during the intense part of the burst. 
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such information is needed before the significance of this or 
other possible patterns can be assessed. 

The 19 November 1978 burst (Fig. 1B) was also one of the 
most intense ever recorded. As pointed out by Evans et al.°, its 
time history is atypical in that after the initial sharp rise the 
counting rate remained at a very high level for an unusually long 
time. Alternatively, the initial 3 s of the burst might appear to 
consist of a blend of several sharp peaks that are atypically close 
together. Also, the average spectrum of the burst is unusually 
hard, as can be seen by comparing Fig. 1B with Fig. 1A and C. 
Finally, there is clear evidence for spectral variability correlated 
with the burst structure. Although the counting statistics do not 
allow a precise correlation, there is no doubt that the sharp 
spikes seen in Fig. 1Aa at ~5 and at ~7 s have softer spectra 
than the early part of the burst, and this is probably true also for 
the spikes at 11 and 14 s. Of course, the spectral hardness may 
simply be decreasing monotonically. 

The 7 March 1979 burst (Fig. 1C), though not particularly 
intense at any given instant, had a fairly large total flux and an 
unusual time history. It is possible to discern in Fig. 1Ca several 
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Fig.1 Temporal and spectral data for: A, the 4 November 1978 y 
burst; B, the 19 November 1978 burst; C.the 7 March 1979 burst, 
a, The burst time history at 0.14-s time resolution with a few 
representative lo error bars; 6, the concurrent spectral informa- 
tion, expressed as a background-corrected hardness ratio, That 
quantity is defined as the ratio of the 232~1,264 keV flux to the 
136-232 keV flux. Corrections have not been made for detector 
efficiency or for absorption and scattering by the spacecraft. 


rather broad major peaks separated by 3-4 s. On the other hand, 
the broad peaks are not easy to see at the 0.145 time resolution 
of the figure, due to the short-term behaviour which seems to be 
more chaotic than would be expected from statistical fluctua- 
tions alone. To our knowledge, no other y burst has a similar 
time history. Because the spacecraft spin period is 3.0s, we 
examined the possibility that the slower structure was due to 
spin-modulation. We found this not to de the case, as the dips in 
the emission are not equally spaced and are generally not 
accompanied by a hardening of the spectrum. The spectral 
hardness approximated that of the 4 November burst. There is 
marginal evidence for spectral variability, but the possible spec- 
tral variations do not seem to be correlated with the burst 
structure. 

To obtain a more quantitative comparison of the burst time 
histories, a Fourier analysis program was carried out. The 
methods used were not entirely the standard techniques, but 
have been used or discussed previously'*'*’”. Each time series 
consisted of 35.86 of data in 3,060 time bins each 11.72 ms 
wide. The data were subjected only to linear detrending; no 
grouping or smoothing was used. The spectra were examined up 
to the Nyquist frequency of 42.67 Hz, but only te region below 
8 Hz is shown in Fig. 2, since there is little significant higher 
frequency information. The results generally confirm our pre- 
vious qualitative statements on the burst time histories, and also 
point out some less obvious features. The power spectra of the 
two November 1978 events both show significant peaks in the 
0.1-1 Hz region, indicating a degree of regularity in their time 
histories. One curious pattern that was pointed out above in the 
4 November 1978 burst, probably procuced the spectral peak at 
0.1 Hz. The 0.3 Hz spectral peak is mest likely due to the ~3 s 
separation of the spikes seen in Fig. 1A at 2, 5, 8, 11, and 14s. 
Also, further examination of the 19 November time history 
shows that the several count rate peaks areseparated by ~1.15 
or a multiple thereof, giving rise to the 0.9 Hz spectral peak. The 
very broad peak below 0.3 Hz reflects the duration of the main 
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part of the y burst, but may also be due in part to the widely 
separated counting spikes near the end of the burst. On the other 
hand, the power spectrum of the 7 March 1979 event approxi- 
mates that of white noise due to counting fluctuations, except for 
the low-frequency power below ~0.5 Hz. Thus, the chaotic 
appearance of the 7 March time history (Fig. 1Ca) is either not 
statistically significant, or contributes only a small amount of 
power spread approximately uniformly over a broad frequency 
band. The spiky appearance of this spectrum is due mainly to the 
greatly magnified vertical scale relative to the other power 
spectra shown. Of the three bursts, only the 19 November event 


Variance 
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Fig. 2 Power spectra for the three y-ray bursts shown in Fig. 1. 
A, 4 November 1978, B, 19 November 1978; C, 7 March 1979, 
The ordinate is variance per Fourier harmonic. Each time series 
consisted of 3,060 accumulations at time intervals of 11.72 ms for a 
total time of 35.86 s. The data have been detrended before analysis 
in each case. No grouping or smoothing has been used. Only the 
lower portion of the frequency spectrum, up to 8 Hz, is shown (the 
Nyquist frequency is 42.67 Hz). 


clearly shows excess power at higher frequencies, even beyond 
8 Hz. This high frequency power undoubtedly results from the 
sharp counting rate transitions evident, though not optimally 
displayed, in Fig. 1B. 

This temporal and spectral information from the UCB/LASL 
y burst experiment on ISEE 3 indicates that the three bursts 
studied had comparable integrated fluxes, but showed 
significant differences in their power spectra as well as in the 
qualitative appearances of their time histories. There are also 
important differences in their average energy spectra, and in 
their degree of spectral variability. Thus, the present examples 
show that the y-burst phenomenon is diverse, and that the 
sources of the bursts constitute either a very loose class or 
possibly more than one class of objects. This fact must be taken 
into account in analyses, for example, the interpretation of log 
N/log S curves, which assume a ‘standard’ y burst object. 

We thank Earl Tech and other members of the data analysis 
section of the LASL high altitude physics group for assistance, 
and Bill Aiello and Henry Primbsch for their work on the 
experiment hardware. This research was supported by NASA 
under contract NASS-22307 and by the US Department of 
Energy. 
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of the hard X-ray spectrum of Sco X-1 
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The results of hard X-ray observations of Sco X-1 by HEAO 1 
and OSO 7 are reported here. We have found that the X-ray 
spectrum between 20 and 70 keV is consistent with thermal 
bremsstrahlung from a hot plasma’ at a temperature of 
5.15+0.05 keV. Observations with the instruments of HEAO 1 
on 6-7 September 1978, and with those of OSO 7 during 1972, 
have not confirmed reports’ that the bremsstrahlung spectrum is 
accompanied by an extra component at energies greater than 
40 ke V—indeed, our observations yield a two-standard devia- 
tion upper limit to the flux in this region of 6.4x 107° 
photons cm? s~* keV™*. 
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Fig.1 The aspect-corrected counting rates for the two low energy 
detectors (LED) aboard HEAO 1 during one 17-min exposure to 
Sco X-1 on 7 September 1978 covering the energy range 20- 
220 keV. Also shown is the mean of the two sets of rates and the 
collimator response to Sco X-1 for each detector. Time 0.000 
corresponds to 1h 8 min 22 s UT. c.p.s., counts per second. 


The UCSD/MIT high energy X-ray and low energy y-ray 
instrument? aboard HEAO 1 consisted of seven Nal(T1)/ 
CsI(Na) phoswich scintillation detectors covering various 
energy ranges from 10 keV to 10 MeV that were actively shiel- 
ded by 4-10cm of CsI. Two of these detectors, of ~100 cm? 
each, sensitive over the range 20-220 keV, were collimated by 
Sn/Cu slats to 1.5°x 20° FWHM. An observation of Sco X-1 
was conducted on 6-7 September 1978 by alternating between 
source and background regions separated by 2° with 17-min 
segments for each. This length of time was chosen to sample 
uniformly, on the average, regions of different particle-induced 
background due to varying cosmic-ray cutoff throughout the 
orbit. In this way an important systematic uncertainty in back- 
ground subtraction could be minimized. 

The HEAO 1 observation provided 17 separate exposures to 
Sco X-1; of these, one displayed pronounced variability, that is 
an X-ray flare which is shown in Fig. 1. In addition to the 2-min 
flaring by a factor of ~2, this exposure differs from the others by 
having about twice the average intensity off the flare of the 
others. As spectral shape may vary with intensity’, the exposure 
containing the flare was not included in the accumulation of the 
mean spectrum. It was, instead, studied in detail for spectral 
changes during this period of both enhanced intensity and 
activity. 

The net counts spectrum was fitted by folding various analy- 
tical models through the instrumental response, which included 
photopeak efficiency, non-linear pulse height to energy con- 
version, resolution, and K-escape effects, to form a mode! 
counts spectrum. This was then compared with the net counts 
spectrum, and best-fit parameters were determined by minimiz- 
ing x”. Spectrum dependent efficiencies were calculated and 
divided into the net counts spectrum to form the inferred mean 
incident photon spectrum, which is shown in Fig. 2. 

The mean spectrum was fit by both a thermal bremsstrahlung 
model, including a Gaunt factor, and the same model modified 
to account for Compton interactions in a hot, fully ionized cloud 
surrounding the X-ray source*. The resultant best-fit tempera- 
tures were 5.15+0.05 keV and 3.24+0.05 keV, respectively, 
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and the latter fit was insensitive to optical depth to electron 
scattering in the range 7 = 5-20. The best-fit temperatures are in 
agreement with earlier results at lower energies'*. The inferred 
mean incident flux and the best-fit {4T =5.15 keV) thermal 
bremsstrahlung model are shown in Fig. 2 together with the 
inferred flux from the flare alone. An attempt was then made to 
test for the presence of a high energy excess in the mean 
spectrum with respect to either thermal model. Assuming a 
power law form for the excess (dN/dE x E 3, none was detec- 
ted at 95% confidence and the 2e upper limit to any excess is 
6.4x 107° photonscm™’s"' keV™', or 0.56 pJy, in the range 
72-222 keV. 3 
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Fig. 2 The inferred incident spectrum of Sco X-1 from 20 to 
220 keV from the observations by the HEAO 1 satellite beginning 
on 6 September 1978. @, The flux averaged over the entire 12h 
observation with the exception of cne 17-min interval that 
contained a flare of 2-min duration (see Fig. 1). O, The flux from 
the flare alone with the remainder of the 17-min exposure used as 
background. All error bars are lo unless otherwise noted. 
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The study of the flare exposure was divided into the flare alone 
(from 655 to 778 s in Fig. 1) and the remainder of the exposure 
(from 256 to 655 s and 778 to 1,331 sin Fig. 1). The spectrum of 
the flare alone, which is also shown in Fig. 2, is the net flux above 
the remainder of this exposure, and can be compared to the 
mean spectrum of the other exposures to determine if the same 
process could have caused both spectra. Acceptable fits to the 
fiare alone are possible with best-fit values for kT of 6.1+ 
0.5 keV and 3.5+0.5 keV for the two thermal models, respec- 
tively, or with a power law index of 6.6+ 0.2. The narrow energy 
range over which the flare was observed, however, precludes the 
selection of one model over another, but the data are consistent 
with a thermal origin for the flare. No evidence for a high energy 
excess above the thermal model was seen in the flare, with the 20 
upper limit being 1.4 x 10°* photons cm ° s~ keV™', or 11 wy, 
from 52 to 222 keV. 

For the remainder of the flare exposure, the best-fit values for 
kT of this enhanced activity were 4.9+0.2 and 3.1+0.1 keV, 
respectively, for the two thermal models mentioned above and 
the 20 upper limit to any excess flux was 3.4x10™ 
photons em~? s~’ keV’, or 3.1 pJy, from 72 to 222 keV. 

The UCSD OSO 7 SKYMAP? contains 280 s of live time to 
Sco X-1 from scanning in mid (May-June) and late (November- 
December) 1972. These data come from a 64cm’ Nal(T1) 
detector sensitive from 5 to 500 keV, that was actively shielded 
by CsI(Na) and had a field of view of 6.5° FWHM. This obser- 
vation differs from that of HEAO 1 in that data were accumu- 
lated over two 18-day periods separated by six months, and thus 
represents more of a long-term average compared with the brief 
observation by HEAO 1. 

The OSO7 observation of Sco X-1 was fitted in a similar 
manner. The fitting process yielded a best-fit temperature of 
6.5+0.5 keV for the thermal bremsstrahlung model and 3.2+ 
0.2keV for the Compton modified thermal model. The 
1.5 keV higher temperature as compared to the HEAO 1 
result is consistent with the range of temperatures reported over 
the past several years for Sco X-1 (ref. 1). As in the HEAO 1 
measurements, no excess above the thermal spectrum was 
observed, and the 2e upper limit to the flux from 60 to 208 keV 
was 6.2 x 107° photons cm~? s"' keV™’, or 5.4 wy. 

Over the past decade and a half, only four observations claim 
30 or greater excesses above a thermal model with fluxes of a 
few 1074 photons cm? s~ keV™' in the 50-100 keV range®”. 
All four of these have systematic uncertainties, such as possible 
source confusion, varying background counting rates, and broad 
instrumental resolution, that reduce the significance of their 
results. If, indeed, this excess is time variable, however, the 
magnitude of the change must be more than an order of magni- 
tude at 100 keV. 

Models of the Sco X-1 binary system generally include mass 
flow onto a compact object surrounded by an accretion disk. 
Both thermal bremsstrahlung‘? and power law’' spectral shapes 
have been predicted for the X-ray data. The observed tempera- 
ture for thermal models will not be a true measure of the plasma 
temperature as various proposed processes might alter the 
spectral shape. A high-temperature plasma (kT ~75 keV) 
could be degraded by Compton interactions to form a spectrum 
with a lower measured temperature'*. On the other hand, an 
intense soft X-ray flux (AT ~3 keV) impinging on the plasma 
material could undergo Compton scattering to higher energies 
with either a resultant higher measured temperature’ or possibly 
the appearance of a high energy excess’ or both. The absence of 
an observed high energy excess indicates that the mean free path 
for inverse Compton scattering must be either so low that the 
scattered flux is below instrument sensitivity, or so high that the 
reprocessed spectrum resembles an exponential of higher 
measured temperature. A third possibility is that kT is not high 
enough to scatter photons to greater than 40 keV. 

The nature of the collapsed object powering the X-ray emis- 
sion in Sco X-1 is uncertain. The minimum mean luminosity of 
this observation is 1.3 x 10%% ergs” ', using 270 pc as a minimum 
distance’*. This places it near the limiting luminosity for spheri- 


cal accretion onto a white dwarf'*. Add to this the factor of 5 
overall increase in the flare, and it seems quite unlikely that 
spherical accretion onto a white dwarf could be responsible. On 
the other hand, accretion onto a neutron star could easily 
generate such luminosity. Non-spherical accretion onto white 
dwarfs, however, can also generate luminosities in the 
10°’ ergs’ range that may be observable’ (N. D. Kylafis, 
personal communication), and, therefore, allow the white dwarf 
hypothesis. 

We thank R. M. Pelling, J. L. Matteson, W. A. Baity, H. 
Hudson, B. Dennis, M. Coe and N. Kylafis for their discussions, 
and R. Pegg and G. Huszar for computer support. This work was 
supported by NASA contract NAS-8-27974. 
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Solar-flare produced *He 
in lunar samples 


M. N. Rao & T. R. Venkatesan 
Physical Research Laboratory, Ahmedabad 380 009, India 


Lunar rocks and soils undergo long-term irradiation by solar and 
galactic cosmic rays (SCR and GCR) leading to composition- 
ally-distinct spallation spectra for noble gases’* and leaving 
behind fossil records characteristic of different irradiation fea- 
tures. Because the SCR effects are restricted to the first few 
millimetres of rocks and soils in contrast to GCR, various studies 
based on solar flare tracks’*, thermoluminescence*, and 
radionuclides”® over the past decade have aimed to decipher 
these fossil records bearing the imprints of the low (SCR) and 
high (GCR) energy irradiation phenomena. These studies have 
greatly helped our understanding of the energy spectra and 
fluxes of charged particles streaming out of the Sun. We have 
already reported quantitative studies, aimed at isolating the 
SCR and GCR produced Ne and Ar isotopes in several lunar 
soils and rocks'* and have calculated their solar flare exposure 
ages which agree with the ‘surface’ exposure ages based on **Al 
and particle track studies’. We describe here, for the first time, 
using *He in samples from three different depths of lunar rocks, 
a method for deducing the absolute SCR (flare) proton fluxes in 
the past few million years which compare favourably with those 
derived from *°Al and **Mn studies’* of other lunar samples. 

When a large crater is formed on the surface of the Moon, 
deeply buried rocks are excavated to the surface. During such 
shock events, rocks could be either completely or partially 
degassed of their noble gas, The helium in a heavily shocked 
rock is considered to have completely degassed. As the earlier 
‘He history in this rock was completely erased out at the time it 
was brought to the lunar surface by the shock event, its 
subsequent irradiation on the lunar surface results in equal 
exposure times to SCR and GCR. If m(*He) is the measured 
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spallogenic *He content per g of the rock with a simple history, 
we have 


m(CHe) =(P,+P,)T 


where P, and P, are the GCR and SCR *He production rates 
respectively. Choosing a deep interior sample (R3) from a rock, 
such that P,=0, means that m(*He) = P,T. As P, is known, T 
for R3 can be calculated. Samples close to the top surface (R1) 
will contain a mixture of SCR, GCR, SW (solar wind) 
components of *He and intermediate samples (R2) deeper than 
3-4 mm from the top surface will contain only GCR and SCR 
produced *He. The *He in R1 sample i is corrected for solar wind 
contribution using. the measured “He content and a "He/*He 
ratio of 3.6x10™* as found in several bulk lunar soils’. The 
corrected *He in R1 represents the SCR + GCR production. 

In the case of rocks with a simple history, the SCR proton flux 
is deduced as follows. Assuming (1) T (GCR) = T (SCR) and (2) 
the diffusion losses, if any, are same for both GCR and SCR 
produced *He, we can calculate T (GCR) from R3 which iS 
equal to m(*He)/P, as shown above. T will decrease if there is 
any gas loss and irrespective of such losses, m(*He)/T will give 
the true production rate. Using the calculated T, we compute the 
total SCR+GCR production rates, (P,+ P,=m(CHe)/T) for 
other samples (Ri and R2) and plot these values against depth as 
shown in Fig. 1. Then, using assumed SCR fluxes and the known 
GCR flux, we calculate the combined production profiles for 
various depths in the rock and match the production profiles 
with the data points. The SCR parameters that fit best to the data 
points describe quantitatively the SCR flux to which this rock 
was exposed. 

We measured He, Ne, Ar contents in six samples from known 
depths of two well documented rocks 61016 and 64435. Using 
the analytical methods described elsewhere” we could resolve 
quantitatively the SW, SCR and GCR components for the 7’Ne 
and **Ar in these. samples. Using the production rates of 
Hohenberg et al, we calculated their SCR and GCR ages 
(Table 1) and the results obtained by both “Ne and **Ar 
methods show agreement within experimental errors. The 
measured “°Ar contents are much less compared with the 
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Fig. 1 Production profiles of (SCR + GCR) *He as a function of 
depth in lunar rocks 64435 (©, O) and 61016 (W, @). The deepest 
points (R3) of 64435 (at 2.7 gcm~ *) and of 61016 (at 5.1 g cm >) 
are normalized to fall on curves a or b. The other R1 and R2 points 
are scaled accordingly. The normalizing points are shown without 
error bars. The solid curve a is generated from the SCR proton flux 
given by Kohl et al.° and the dashed curve b is generated from the 
SCR flux given by Bhandari et al.°. Curve c represents the depth 
profile’? for GCR production of *He usi ng the particle flux 
mentioned for proton energies above 1 GeV. “He in R2 sample of 
61016 could not be measured due to power failure. 
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Table 1 GCR and SCR ages of lunar rocks 
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*1Ne age (Myr) 38 Ar age (Myr) 
GCR 


Rock SCR GCR SCR 
61016* =1.3+0.2 4.0+0.3 1.70.2 3.7403 
64435 0.6+0.1 1240.2 0.8202 | 1.4240.2 





Ri, R2 and R3 samples of 61016 are taken from- 0.3-2 mm, 4-7 mm 
and 16-18 mm depths whereas another set of R1, RZ and R3 samples of 
64435 are taken from 0.2-1.5 mm; 4.5-7.5 mmand 7.5~9.0 mm depths, 
respectively. 

* See ref. 2. 
expected “°Ar from “K decay during, 3,100-3,400 Myr after 
solidification’. We attribute the loss of ° “Ar (about 90%) to the 
shock event at the time of South Ray. crater formation that 
excavated the rocks from lunar interior. During the same event 
more than 99% of the radiogenic “He was also lost. Thus the 
assumption that T (GCR=T (SCR) ca canbe applied to the rock 
samples from 61016 and 64435. - 

As pointed out earlier, the T (GCR) obtained from 

m(He)/P, represents the apparent age of the rock and it will be 
lower than the true value if there are "He losses. Helium may 
sometimes be lost by diffusion and this source of gas loss 18 
discussed below. To study the depth dependence of “He 
diffusion, we consider the R2 and R3 results of rock 64435. The 
observed *He contents are (0.44+9.02)x10°° and (0.434 
0.03) x 10 ® cm? STP g` respectively and they do not show 
much variation as a function of depth. Further, a study of 
*He/?'Ne and “He/**Ar ratios in these samples may throw light 
on the diffusion pattern of *He relative to other cosmogenic 
isotopes of Ne and Ar. The ratio of the “He (SCR + GCR)/*'Ne 
(SCR+GCR) in different samples of rocks 61016 and 64435 
range from 3.5 to 4.0. The near-constancy of the observed 
*He/*'Ne ratios suggest that the depth-dependent diffusion 
effects are not significant i in these samples. Similar observations 
are made by studying "He/**Ar ratios in these samples from 
rocks 61016 and 64435. In this context, note that “He losses 
were observed in some feldspar-bearing lunar’? rocks and 
meteorites''. It is not clear whether these losses are due to 
diffusion or to shock effects. For example, Heymann et al” 
showed that in meteorites such as Shergotty and Zagami, even 
though feldspar-rich, the "He was almost quantitatively 
retained. In Sera de Mage also, no less of “He in big feldspar 
grains was observed. This suggests that shock effects have an 
important role in affecting *He losses in some of these samples. 
However, even if there are minor diffusion losses, this method 
holds good as long as the losses are not depth-dependent. 

As we do not have the deepest samples where P, is almost 
zero, we adopt the following procedure to deduce the SCR 
proton fluxes from our studies. We calculate the theoretical "He 
production profile as a function of depth for combined SCR + 
GCR production per Myr, using the Reedy-Arnold model" and 
a SCR proton flux of J (E > 10 MeV. = 70 p cm” 2 s7 and Ry= 
100 MV (ref. 6) and a GCR flux of 1.7 pcem™*s"'. The produc- 
tion cross-sections are taken from ref. 13. Figure la represents 
this theoretical profile. Using the SCR+GCR combined 
production rate for the 61016-R3 sample at a depth of 
S.i gcm”, we calculate T (GCR) for 61016 to be (1.64 
0.1) Myr. This agrees with the SCR ages based on “Ne and “Ar 
(see Table 1) and the surface age of 1.5 Myr based on particle 
track studies*. Then we use this T (GCR) to find the mCHe)/T 
for the R1 sample of 61016. The observed R3 value is normal- 
ized so as to fall on curves a or 6 in Fig. 1 and the other data 
points are scaled accordingly. These values are plotted in Fig. 1. 
Similarly in case of 64435-R3 sample, using the (SCR + GCR) 
*He production rate at the corresponding depth, we calculate 
the T (GCR) for rock 64435 which turns out to be (0.545 
0.10) Myr. This agrees with the SCR ages based on “Ne and 
38 Ar within the error limits (see Table 1). We plot the mCHe)/T 
values for the R2 and R1 samples in Fig. b as a function of depth 
as described above. Within the error limits, all the points of 
rocks 61016 and 64435 seem to fit curve Fig. la. 
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We can then check how these data points, using the same 
procedure, fit to a different SCR proton flux of J (E> 
10MeV)=125pcem™’s"' and Ro=150MV, deduced by 
Bhandari et al. for the same rocks based on *°Al studies. The 
combined (SCR+GCR) *He production profile calculated for 
this SCR flux is shown by Fig. 1b. The T (SCR) calculated for 
this flux for 61016 turns out to be 1.0 Myr and for 64435, 
0.3 Myr which are smaller than the surface exposure ages of 
1.5 Myr and 0.5 Myr respectively, deduced by track studies*. 
Using the normalization procedure, for R3 points of rocks 
61016 and 64435, we calculate the other R1 and R2 points with 
the new (SCR + GCR) *He production rates and plot the points 
as a function of depth in Fig. 1. 

The fit of the data points to curve b is clearly less satisfactory 
than to curve a. This shows that the *He production profile 
generated using a SCR proton flux of J (E>10MeV)= 
70 pcem? s~ and Ro=100 MV (ref. 6) seems to fit the data 
points better. The erosion, solid angle and so on, corrections for 
these samples are expected to be minor. Further experiments 
are in progress using well-documented samples to understand 
this discrepancy in the fluxes as well as to find the suitability of 
this method to determine the solar flare exposure ages of lunar 
samples in time scales > 10 Myr where the radioactivity methods 
using “Al and *’Mn are inapplicable because of saturation 
effects. 

We thank Professors D. Lal and N. Bhandari for valuable 
discussions during this work which is carried out under Lunar 
Science Proposal Nos. SL-9191 and SL-9095, and J. T. Padia for 
assistance. 
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Excitation of the 
Na D-doublet of the nightglow 


D. R. Bates & P. C. Ojha 
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We infer from the absolute intensity of the nocturnal D-doublet 
emission, the abundance of free Na and other relevant informa- 
tion that there is very little possibility of an alternative to 
Chapman’s theory’ that the excited Na atoms involved are 
released by NaO-O collisions. The nature of the collision 
process is discussed here. We point out that a remarkably high 
branching ratio for the reaction path leading to excited (rather 
than normal) sodium js necessary. A high branching ratio is 
explained by considering the symmetry properties of the cor- 
related electronic states. 
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In 1939 Chapman’ proposed the oxidation-reduction cycle: 


ky 
Na +0, —— NaO +0, (1) 
fka 2 
Na(“P) +O, (2a) 
NaQ+O 
2 
(pike NaS) +02 (2b) 


Thermochemical studies* have removed doubts over whether 
process (2a) is exothermic. 

The case against the possibility of invoking another chemi- 
luminescent cycle may be seen to be virtually conclusive: thus 
rocket measurements’ show that the emission comes from near 
the 90-km level and lidar measurements‘ show that the number 
density n(Na) in this region is around 4 x 10° cm’, so that even 
with a rate coefficient as fast as 2.5 x 107'° em’ s7! and a 10-km 
thick layer, the typical nightglow intensity’ of 100 R would 
necessitate the number density of the reactant being some 
1x10°cm™°*; ozone is almost certainly the only atmospheric 
constituent which readily reacts with or excites atomic sodium 
and which may have such a high nocturnal abundance near 
90 km; and, if it is accepted that process (1) must be involved, 
then so almost certainly must process (2) because of the lack of 
another reducing process which meets the double requirement 
of being at least as effective in the atmospheric region concerned 
and of being sufficiently exothermic. Furthermore, inter- 
ferometric measurements on D-line profiles’ reveal that the 
Na(’P) atoms have a kinetic energy of 0.046 eV which suggests 
that they arise from a chemical process like process (2a) rather 
than from dissociative recombination involving NaO* or NaO} 
produced from incoming Na” ions as has been conjectured’. 

An understanding of the nature of processes (1) and (2) came 
when Kolb and Elgin® suggested that both are of the electron- 
jump type. From the ionization potentials of Na and NaO and 
the electron affinities of O, and O they calculated the crossing 
distances rx for the {Na-O3} : {Na*-O3} and (NaO-O} : (NaO*~ 
O`} covalent-ionic potential pairs. Assuming the cross-sections 
to be rx, they deduced the rate coefficients. The values of rx are 
4.5A and 2.3A respectively (the latter being smaller than 
originally? obtained due to the use of what should be a better?’ 
estimate of the ionization potential of NaO); the corresponding 
rate coefficients at 200 K are 

k,=3.4x107' cm? s, ka=1.0x10 "° cm°s™ (3) 
Note, however, that processes (1) and (2) are not of the class 
typified by 


K+I,>KI+I (4) 


to which the electron-jump model is commonly applied'®'’, A 
key feature of process (4) is that the I; formed in a vertical 
transition at the crossing is so highly excited vibrationally that it 
dissociates readily leaving the I” and K“ ions bound together by 
their Coulomb attraction and leaving the I atom free. In the case 
of processes (1) and (2), there is little vibrational excitation in a 
vertical transition and, moreover, the product molecules are not 
produced directly from oppositely charged fragments. The 
mechanism is that, while the reactants are on the ionic potential 
surface, they make a hard collision which excites internal energy 
and thereby makes an exothermic channel more likely to be 
followed than reversal through the entrance channel. For 
process (1), the fission of the collision complex occurs along 
{NaO*-O3}: {NaO-O.} and for process (2), along {Na*- 
O;}:{Na-O,}, where the {NaO*-O3} and {Na*-O;} potential 
surfaces are for the same electronic states as the {Na”-O3} and 
{NaO*-O’} potential surfaces, respectively. 

Oxidation and reduction proceeds rapidly enough to maintain 
chemical equilibrium between Na and NaO and it is convenient 
to express the D-doublet photon emission rate as 


F (5,893) = fkın(Na)n (O3) (5) 
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Table 1 Symmetry properties of the Na-O correlated molecular states 
l ae 


Correlated molecular states” 
2 A'(3), *A'(3), 7A"(3), *A"(G3) 
2 A'(1), *A’(1), 7A" (2), *A"(2) 


Row Fragments 


(a) NaO(X’IN+ OCP) 
(b) NaO*(X*E7)+O0°(P) 


(c) Na*('S)+O7(X'"Tl,) 7A'(1),7A"(1) 
(dìt Nat('S)+O3(C%7,°A,)  “A‘(2),“A"(1) 
(e) Na(?S)+02(X°2,) 7A"(1),2A(1) 
(f) Na(?8)+O2(a" Ag) 7A'(1),7A"(1) 


(g) Na(2S)+O2(b'23) SA) 

(h) Na(?P)+02(X°E,) 2A'(1), *A'(1), 7A(2), “A"(2) 

* Following the standard . notation’, A’ indicates a state whose 
eigenfunction is symmetrical with respect to the plane and A” one whose 
eigenfunction is anti-symmetrical while the numeral in brackets is the 
number of such states. 

+ Only the two lowest’? suitable states of O2 are displayed. 


the number densities on the right being better determined than 
the other number densities concerned. Kolb and Elgin® did not 
discuss the factors which control the branching ratio f but 
commented that a value between 10° and 107? would 
apparently be required to account for the nightglow. Recent 
data requires that f be not greatly below unity. 

Stellar occultation measurements by Reigler and others 
show that near the Equator n (O3) is some 1 x 10° cm? or less 
between 85 and 90 km rising to ~2 x 10° cm at 95 km. Real 
variations occur and considerable uncertainty remains. 
Measurements'* (31 °N, February) on the 110.8 GHz O; rota- 
tional line give 5x10%cm™* at 80km falling to about 1x 
10®°cm™? at 85km; indirect deduction’ from satellite data 
(20°N, June) on the intensity of the (9, 3) hydroxyl band give 
6 x 108 cm™ between 80 and 85 km and 3 x 10° cm™ at 90 km. 
Atmospheric model calculations'” give a nocturnal distribution 
with a broad maximum of around 2 x 10° cm™ in the 85-95 km 
region. Simultaneous lidar measurements on n(Na) and pho- 
tometer measurements on the intensity 7(5,893) of the D- 
doublet have been carried out at Sâo José dos Campos (23 sy '®, 
The inference was drawn that the peak photon emission rate was 
at 88km, where n(Na) was 3x10°cm™’, and had the value 
1X10? cm~?s~!. To reproduce this, it may be seen from process 
(5) that, with k, as in process (3), f would have to be about 0.3 
even if n(O;) were as great as 3 x10°cm™. Later lidar and 
photometer measurements" lead to compatible values. We 
need to examine whether f for process (2) can indeed be as high 
as required for the nightglow. 

Parting along {Na*-O3} : {Na—O>} may yield either 


Na(?P) + O2(X°2,) (6) 


12,13 


or 
Na(?S)+O2(X?E;, b’ E} or a'A,) (7) 


the asterisk indicating possible vibrational excitation. The 
crossings giving rise to reaction products (6) are at a greater 
separation than the numerous crossings giving rise to reaction 
products (7) and these latter are not readily traversed as is 
evident from the large’® cross-section (34-38 A’) for the 
quenching process 


Na(P) +O,- Na(?S)+O7(X°E;, b’ E; or a's) (8) 


Furthermore, compared with the channels yielding products (6), 
the many relatively exothermic channels yielding products (7) 
are very strongly favoured statistically. Thus, it might seem that f 
must be minute. 

However, consider the symmetry properties of the correlated 
molecular states concerned. Referring to Table 1, species “A! 
appears in reactant row (a), the product row (h) and the 
intermediate ionic rows (b) and (d) the last of which involves 
excited Oj, but does not appear in the product rows (e) to (g). 
Because the species does not change during an encounter, it 
follows that the simple electron-jump model gives the statistical 
weight ratio of 1/3 for f the branching ratio. Although the 





closeness of the fragments at the crossings may affect the 
quantitative predictions of the model regarding k, (which is not 
of critical importance) and f, there is certainly no reason to doubt 
that the branching ratio is as high as Chapman's theory 


demands. | . 
D.R.B. thanks Professors T. M. Donahue and M. Nicolet for 
correspondence on the nocturnal ozone abundance. 
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of lead in drinking water 
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Recent studies have highlighted the importance of drinking 
water as a route of human exposure to lead**. Whilst there are 
ample data on lead concentrations in drinking water’, little is 
known of its physical and chemical forms (physicochemical 
speciation)“. Such information is important as the speciation of 
ingested lead influences the efficiency of absorption from the 
gastrointestinal tract". Knowledge of speciation should also 
provide a fuller understanding of the factors controlling the 
solubility of lead in potable waters“ and hence assist in devising 
the most cost-effective means of plumbosolvency control. We 
have determined experimentally the speciation of lead in three 
different tapwaters and report here diverse forms of dissolved 
and particle-associated lead, dependent primarily on the chem- 
ical matrix of the raw water. 

Based on calculations of equilibrium solubilities, the Water 
Research Centre has predicted that basic lead carbonate, 
2PbCO;.Pb(OH); is the most stable insoluble lead compound to 
be formed in the conditions pertaining to most potable waters in 
Britain®. We have analysed the off-white surface deposit from 
inside a lead water pipe using X-ray powder diffraction and 
confirm this to be basic lead carbonate. However, as the Water 
Research Centre indicated®, higher concentrations of lead can 
occur in potable waters than would be predicted by equilibrium 
of free lead ions with basic lead carbonate. The formation of ion 
pairs, or organic complexes of lead, or the presence of lead in 
insoluble particulate form in the water were all suggested as 
possible means by which these enhanced concentrations might 
occur, although no experimental measurements were made. 

A range of techniques suitable for metal speciation exist, all of 
which essentially classify the species according to some opera- 
tionally defined association’. We have recently developed a 
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Table 1 Analysis of tapwater samples 


anann hamahi naana anA 
areira ERE AAAA ALAL a A A ime EAA ATARA A i 


Alkalinity Organic Specific 
(ug mi“! carbon conductance 
Sample asCaCO3) pH (pgm) (uS) 
Lancaster University 21 Ta 9.4 130 
Bentham 20 6.8 1.6 92 
Glasgow 4 6.7 8.0 42 





speciation scheme for freshwaters, which combines several 
established techniques’. It is based principally on a size frac- 
tionation of the metal species. Briefly, samples were collected in 
polythene bottles and filtered as soon as possible (in parallel, not 
in series) through Nuclepore filters under pressure in Amicon 
stirred cells. In two cases filtration was started within 2h of 
collection, whilst with the Glasgow sample filtration was 
unavoidably delayed for 24 h. Nuclepore filters were selected as 
they have inherently better size discrimination properties than 
membrane filters and suffer lesser contamination and adsorption 
problems. Both filter and filtration apparatus were pretreated 
with a Ca(NOQ3), solution to minimize adsorption losses’. They 
were rinsed with deionized double-distilled water to remove 
excess Ca(NQO;), and then with a portion of sample before 
filtration. Recovery tests with pre-filtered samples of tapwater 
and riverwater, as well as with a synthetic river water, using 
filters of 0.015-12 um pore size showed recovery to be 
independent of filter pore size. Mean recoveries were as follows: 
Pb, 86% ; Cu, 94% ; Fe, 101% ; Mn, 100%. A fuller discussion of 
the significance of these adsorption tests is given elsewhere’. 
Note, however, that if, as is likely, adsorption is independent of 
filter pore size then adsorption losses will only affect the 
quantification of the smallest size fraction, as the others are 
calculated by difference and are hence independent of adsorp- 
tion losses. Contamination during filtration was very low: Pb, 
<O.ingml"'; Cu, <0.1 ngm; Fe, <0.5ngml'; Mn, 
<0.05 ng ml. 

The total metal concentrations in each filtrate were deter- 
mined by flameless atomic absorption-for Fe and Mn, and by 
anodic stripping voltammetry (ASV) for Pb and Cu following 
UV-ray acid digestion. A standard additions calibration was 
applied in all cases. As a measure of the ASV-labile concen- 
tration at the natural pH of the sample, ASV analyses were 
performed on the l-um filtrate at a hanging mercury drop 
electrode, using CO), in nitrogen as a buffer. A titration pro- 
cedure was used to indicate the extent and strength of any 
complexation and the slope of the titration curve after saturation 
of the complexation capacity was used to quantify the labile 
response. 

Labile metals were also defined by their uptake on Chelex 100 
exchange resin. A 48-h batch technique was employed, using 
2ml of resin in the calcium form per 60 ml of sample in a 
polythene bottle. This provided a measure of metal complexes 
with slower dissociation kinetics. Finally, UV-ray irradiation 
(1 kW Hanovia lamp) was used to destroy organic matter and so 
release metals previously associated with the organics in a 
non-ASV-labile form. The increase in labile metal following 
UV-ray irradiation is a measure of the metals strongly bound 
with organic matter’. This procedure has, however, proved to be 
inapplicable for most freshwaters, there being a loss rather than 
gain of ASV-labile metal, due probably to uptake onto hydrous 
ferric oxide precipitated during the irradiation’. It still, never- 
theless, provides qualitative information on the nature of the 
ASV-labile metal. 

Particular care has been exercised in the evaluation of the 
ASV-labile results, due to recently recognized limitations of the 
method'™''. However, interpretation of the data is strengthened 
by a consistency between the results derived from each of the 
techniques. Finally, note that in common with all speciation 
studies, the results might to some unknown extent reflect arte- 
facts of the various handling operations, starting with the samp- 
ling itself. 
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Three tapwater samples were analysed. These included two 
morning first draw waters, from Glasgow (Scotland) and 
Bentham (North Yorkshire). The former came from a house 
with lead-lined tank and lead piping, the latter from a house with 
copper piping internally, but a lead service pipe. Both waters 
were of rather low alkalinity and pH (Table 1) and could be 
described as aggressive in respect of plumbosolvency. The other 
sample was from the University of Lancaster (copper piping with 
high-lead soldered capillary joints) and was taken after a 
thorough flushing of the pipes. 

The results are presented in Table 2. Copper has been 
included, as its speciation behaviour usually differs from that of 
lead, the latter forming predominantly inorganic species, the 
former organic’. As a substantial proportion of the lead 
appeared in the colloidal size fractions, the elements iron and 
manganese were also analysed, as these elements can exist in 
waters as colloidal hydrous oxide particles or coatings, as well as 
in association with organic macromolecules'*. The colloidal 
hydrous oxides are effective at adsorbing metals from waters and 
show a particularly strong affinity for lead'*. The University 
tapwater sample had a total lead concentration of only 
3.3 ng mI`', the major proportion of which, 76%, was filterable 
(<0.015 um). This filterable lead was however not ASV-labile, 
and hence cannot exist as Pb**. The water supply is a mixture of 
moorland surface water and River Lune water and has a 
substantial organic content (Table 1). Titration of the tapwater 
sample with lead showed further ability to complex lead as 
indicated by the ASV signal until the complexation capacity had 
been exceeded. This complexation capacity was lost following 
UV-ray irradiation of the sample, which destroys organic 
matter. The major portion of the lead is, therefore, probably 
present as non-labile low molecular weight organic complexes, 
although some may also exist as non-labile inorganic species. 

In the Bentham tapwater, which is derived from spring waters 
and is of low organic content, 53% of the lead and 33% of the 
copper were associated with colloidal particles of 0.015—1.0 ym. 
A significant fraction of the lead (19%) was in the particulate 
size range 1-12 wm. This may have been due to basic lead 
carbonate which precipitates as rather large particles (unpub- 
lished results). The size distribution of the lead in the colloidal 
size range parallels that of iron rather closely. The mole ratio 
Pb/Fe is ~0.2 in all three fractions between 0.015 and 1.0 um. 
This is consistent with the lead occurring in association with 
hydrous oxides of iron, either by ion-exchange, by specific 
adsorption or by co-precipitation. The Chelex-labile copper 
corresponds closely to the ASV-labile metal, whilst for lead 
more metal is Chelex-labile. This additional labile metal must, 
furthermore, be due in some way to release from the colloidal 
metal fraction. It is either a result of weak lead complexation 
with organic macromolecules or a slow release from the hydrous 
oxides due to the disturbed equilibrium in the presence of the 
Chelex resin. There was no apparent complexation capacity for 
additional lead during titration of the sample, and UV-ray 
irradiation did not cause a change in the peak potential of the 
ASV lead signal, adding weight to the suggestion that inorganic 
species of lead predominate in this water. 

The Glasgow sample, abstracted originally from Loch 
Katrine, contained the highest concentration of total lead, 
372 ng ml"', and the highest percentage of ASV-labile lead, 
63%. Again a high proportion (71% ) of lead was associated with 
the colloidal size fractions, although in contrast to the Bentham 
water most of this colloidal lead (75%) was in the small size 
range 0.015-0.08 um. Note that a significant proportion of this 
colloidal lead must contribute to the ASV and Chelex-labile 
lead. During titration of the sample with additional lead a 
separate lead signal at a more anodic potential developed after 
~800 ng ml of lead had been added. This is indicative of 
complexation of the ASV-labile metal in the original sample’. 
After UV-ray irradiation of the sample the original ASV signal 
disappeared to be replaced by a more anodic peak. It seems that 
a large proportion of the lead in this sample (63%) existed as 
ASV-labile organic complexes, a major portion being of high 
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molecular weight (0.015 jm is equivalent to a molecular weight 
of ~300,000). In the case of copper in the raw sample, ASV- 
labile metal could not be distinguished. Copper forms stronger 
complexes with organics than lead and its complexation is often 
non-ASV-labile’’, as seems to be the case with this sample. 

In the three waters examined there is apparently little or no 
free ionic lead. A significant portion of the lead exists in the 
colloidal size fractions, associated with hydrous iron oxides or 
organic macromolecules depending on the composition of the 
water. There is some particulate lead in the 1-12 um size range, 
which may be metal precipitate, or may be associated with clay 
minerals, but little or no lead in larger particles, >12 jm. This 
would suggest. that the lead in the samples examined is not a 
result of particles flaking off the basic lead carbonate lining of 
the lead water pipes. 

Plumbosolvency is clearly not a simple equilibrium between 
solid basic lead carbonate and dissolved Pb** ions and ion pairs. 
It depends rather on the adsorption and complexation capacity 
of the hydrous oxides and organic complexing agents such as 
humic acids. Techniques of plumbosolvency control de ae on 
an increase in the sample pH and hardness/alkalinity ‘© The 
lead concentration is, however, not always reduced to the extent 
predicted by theoretical calculations of equilibrium solubility” * 
and the complex lead speciation in real tapwaters, as indicated 
by our results, may account for this result. The reduction in 


4 Tabie 2 Results of speciation study 


a, Lancaster University tapwater, well flushed 


Size fraction. Metal concentration (ng mi”! {%)) 
(um) Pb Cu Fe Mn 
>12 — 2 (8) 17 (9) 1.4 (16) 
1.0~—12 | — — — — 
0.4-1.0 m — _— —_ 
0.08-0.4 | 173 (87) 2.7 (30) 
HOA 9.8 (24)} 3 (12) 2 E 
<0.015 2.5 (76) 19 (79) 8 (4) 4.8 (54) 
Total 3.3 24 198 8.9 
ASV-labile* <0.2 (<6) 1 (4) NA NA 


b, Bentham tapwater, first flush 


Size fraction Metal concentration (ng ml (%)) 





* i-um filtrate. 


t Unfiltered sample 0.5% HNOs3. 


NA, Not available. 


G028-0836/80/340793-—03$01.00 


Pb Cu Fe Mn 
>12 oes ae 51(30)  11.1(53) 
1.0-12 16 (19) 12 (3) §1 (30) — 
0.4-1.0 14{17) 40 (11) 16 (10) — 
0.08-0.4 22 (26) 42 (12) 34 (20) 0.8 (4) 
0.015-0.08 8 (10) 36 (10) 10 (6) 1.8 (9) 
<0.015 24 (29) 228 (64) 6 (4) 7.1 (34) 
Total 84 358 168 20.8 
ASV-labile* 20 (24) 231 (65) NA NA 
Chelex-labile* 39 (46) 224 (63) 20 (12) 7.3 (36) 
Acid ASV-labile? 87 (104) 360(101) NA NA 
c, Glasgow tapwater, first flush 

Size fraction Metal concentration (ng ml? (%}} 
(uum) Pb Cu Fe Mn 
 >12 3 (1) O.1{(<1) 1.83) 0.3 (7) 
1.0—12 49 (13) 1.7 (8) 20.1 {35} 2.1 (47) 
0.4~1.0 7 (2) 0.9 (4) 2.4 (4) 0.2 (4) 
0.08-0.4 59 (16) 1.9 (8) 6.1611) 0.49) 
0.015-0.08 198 (53) 9.5(42) 18.0(31) 03 
<0,015 $6 (15) 8.3 (37) 9.0(16} 1.2(27) 
Total 372 22.4 57.4 4.5 
ASV-labile* 236 (63) NA NA NA 
Chelex-labile* 207 (56) 9.8 (44) 5.9 (10) 1.1 (24) 
Acid ASV-labilet 382 (103) 22.4 (100) NA NA 
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plumbosolvency achieved by pH and hardness/alkalinity 
control may be a function of a decrease in the rate of lead 
dissolution and/or the effect of competing cations such as Ca’ 
for adsorption, ion-exchange and complexation sites, m addition 
to the anticipated decrease in equilibrium solubility. 

One option that has been considered for reduction of lead 
levels in drinking water is the use cf chelating resin at the 
consumer's tap”. Our results demonstrate that this measure is 
likely to have a limited effectiveness, as a substantial fraction of 
the lead will probably be in a non-ion-exchangeable form. 

The health implications of our findings are uncertain. 
However, at pH 1-2 in the acidified samples, all lead is ASV-~- 
labile (Table 2) and is probably present as free metal ions. Hence 
at the pH of the stomach, tapwater lead will also take this form 
and hence may well be more available for absorption than the 
lead bound in foodstuffs. This may explain the high effectiveness 
of removal of lead piping in reducing blood lead levels in the 
study previously cited’. 

We thank Dr M. R. Moore and Mr A. Britten for assistance in 
providing the Glasgow tapwater sampe. 
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The likely impact of fluorocarbons on the Earth's ozone layer 
has recently been reviewed in two major reports’’ which, 
although showing difference of emphasis, both concluded that 
uncontrolled emissions of F11 (CFCI) and F12 (CF.,CL,) would 
lead to a substantial reduction in the level of ozone in the Earth's 
ozone shield (13-16%). The effect of F11 and F12 on ozone 
would be considerably reduced if they were removed on a large 
scale by some mechanism which operated in the troposphere. 
Such a mechanism has been proposed for FLI, which involves 
conversion to F21 (CHFCL) on the surface of aerosols suspen- 
ded in the atmosphere’. Crescentini and Bruner* have recently 
reported measurements of the F21 concentration that were of 
sufficient magnitude to suggest that tropospheric removal of F11 
was occurring on a scale greater than stratospheric removal. We 
report here data which refute this suggestion by showing that the 
level of F21 in the clean backgrourd treposphere is virtually 
unmeasurable. 

Several attempts have been made to measure the concen- 
tration of F21 in the atmosphere. It was first detected by 
Rasmussen” using a gas chromatograpfi/mass spectrometer 
(GC/MS) combination, and he quoted a value of ~10 p.p.tv. 
(1 p.p.t.v. = 1 part in 10'* by volume} Singh et al, reported F21 
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background concentrations of 14.9+ 4.9 p.p.t.v. as preliminary 
data for a clean site in Yosemite National Park, California. 
Subsequently, their more extensive global measurements’ in the 
Northern and Southern Hemispheres concluded a tropospheric 
average of 5+3 p.p.t.v. However, they felt that the lack of a 
significant interhemispheric gradient for an anthropogenic 
compound with such a short atmospheric lifetime implied that it 
was probably an artefact of analysis, although they were unable 
to determine its source. Measurements in their studies were 
made using a gas chromatograph equipped with an electron 
capture detector (GC/ECD). F21 is a difficult species to 
measure and measurements made with the electron capture 
detector are not the most reliable as the detector is nonspecific. 
Glasgow et al." reviewed the artefact problems associated with 
these early F21 measurements. Crescentini and Bruner* have 
shown that a species is present in air which has a mass spectrum 
identical to that of F21, and they estimate its concentration to be 
as high as 20 p.p.t.v. in air collected in central Italy. If this were 
the case for the well-mixed troposphere, then decomposition of 
F11 to F21 could represent a very substantial sink for F11. The 
present measurements using a GC/MS combination suggest that 
the level of F21 in the background troposphere is probably well 
below I p.p.t. 

A Hewlett-Packard 5710 gas chromatograph and a VG 
micromass 16F mass spectrometer combination were used to 
make the measurements on concentrated air samples. Two 
concentration techniques were used, both based on collection of 
liquid air and subsequent removal of the major permanent gases 
at liquid nitrogen temperature. In one method the oxygen and 
nitrogen were removed by a stream of pure helium and carbonyl 
sulphide was used as an internal standard to estimate the 
effective volume injected (see ref. 9 where xenon was used for a 
similar purpose). The other method relied on carefully trapping 
a known volume of liquid air (~3 ml), then pumping away the 
oxygen/nitrogen excess. Alternatively, a small volume of 
gaseous air was injected into the cryotrap. Tests with a standard 
showed that a 95% recovery of material could be achieved by 
this method. The concentrated samples were then injected into a 
3-m OV 101 column held at 30 °C, using helium as a carrier gas. 
COS was measured using mass 60 and F21 was measured using 
masses 67, 69 and 102. Because of the extremely low concen- 
trations of F21 that were present, this was generally done using 
the single ion mode. Attempts to measure all three ions simul- 
taneously resulted in rather poor signal-to-noise ratios. A typi- 
cal chromatogram that resulted for mass 67 in the single ion 
mode is shown in Fig. 1. Chromatograms for masses 69 and 102 
showed similar peak separation and signal-to-noise ratios. The 
peak ascribed to F21 in Fig. 1 had an identical retention time as 
an F21 standard, also a linear response to F21 concentrations 
between 100 p.p.t.v.and 10 p.p.b.v. (1 p.p.b.v. = 1 part in 10° by 
volume) was shown by the instrument. These latter standards 
were injected in 10-ml syringes so that the mass of F21 entering 
the detector at the 100 p.p.t. level was actually lower than that 
injected in the concentrated air samples, which typically 
contained the equivalent of 2 litres of air. 

All of the data collected in this programme of F21 measure- 
ments are shown in Table 1. The first 14 results are values of the 
F21 concentration in the ambient air at Harwell, five of which 
used one technique for quantitative estimation and nine used 
another. The average value of the 14 estimations is 1.6 p.p.t.v. 
with o = 0.7 p.p.t.v. There is no significant difference in the two 
groups of data obtained by the two techniques (1.8+ 0.5 p.p.t.v. 
and 1.5+0.7p.p.t.v.), and this gives us confidence that our 
average of 1.6 p.p.t.v. is correct. The possibility that some 
compound other than F21 is being measured is not very high, as 
the results obtained using masses 69 and 102 are almost iden- 
tical to those obtained using mass 67. Chloroethane, which 
contains a peak at m/e 67 in its mass spectrum, was observed to 
co-elute with F21 in this study; however, chloroethane does not 
have m/e peaks at 69 and 102. 

Estimates of the F21 concentration in air samples from other 
locations are also shown in Table 1. Samples 16-19 represent 
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particularly clean air samples, and there the average falls to 
0.08 p.p.t. Whether this number is significantly different from 
the noise level (~0.05 p.p.t.v.) is not possible to tell with the 
present experimental system. The numbers can be taken to 
indicate that the F21 concentration in the background tro- 
posphere is well below 1 p.p.t.v. 

Tests have been made for contamination and decay in the 
containers used to bring the air to Harwell. Samples 15-18 were 
contained in aluminium cans with metal-bellows valves. There 
was no evidence for any decay in a similar can filled with Harwell 
air on 21 March 1979 and analysed on 21 May 1979 and 13 June 
1979. Sample 19 was contained in a stainless steel can, but there 
is no reason to suspect decay in this system. Previous tests by one 
of us (R.A.R.) also showed that no growth of F21 occurred over 
a two-week period. 

Our value for F21 in rural air in Southern England 
(1.6 p.p.t.v.) is substantially lower than previously reported 
estimates at other locations’’’. Rasmussen’® has since revised 
his estimate of F21 concentrations originally reported 
(~10 p.p.t.v.) and now considers a value of 1.5 p.p.t.v. to be 
more likely. The data of Singh et al.°’ were all obtained by 
GC/ECD and the chances of overestimation are quite large. A 
major problem in the analysis of F21 is to devise a column that 
will give complete separation of F21 from other neighbouring 
compounds. Rasmussen in his early work observed that chloro- 
ethane (C,H;Cl, boiling point, 12.7°C) had a retention time 
similar to F21 (boiling point, 8.9 °C) in the conditions of analysis 
used with an SP 2100 column and temperature programming. 
Singh et al.’s'' elution of F21 (boiling point, 8.9°C) before 
CH;Br (boiling point, 3.5 °C) on a DC 200 column substrate is 
inconsistent with the elution sequence of materials with increas- 
ing boiling points on that type of column. Additionally, the 
separation of F21 from CH! (boiling point, 43 °C) on 0.5% 
SP 1000 Carbopack B column has presented difficulties'*. This 
leaves only Crescentini and Bruner’s* high value to be accoun- 
ted for. Assuming that they may have been sampling polluted 
air, we collected air samples in the area between Liverpool and 
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Fig. 1 F21 ambient air stored between 21 March and 21 May 
1979; 2.6 p.p.t.v. at m/e 67. The sample size was 730 ml. 
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Table 1 Results of F21 measurement programme at Harwell 
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No. Date Sampie Vol. (md F21 (p.p.t.v.) Mass no. Comments 
1 7 November 1978 OA.1 1.9 67 
2 OA.2 2.6 67 
3 OA,3 2.2 67 COS used as internal standard 
4 8 November 1978 OA.4 1.7 67 
5 OA.5 1.0 67 
6 13 March 1979 OA.6 3 miLA 1.1 67 
7 OA.7 3mILA 1.1 69 
8 14 March 1979 OA.8 3mi LA 1.9 102 
9 OA.9 3ml LA 2.3 102 
10 í OA.10 3 miLA 1.9 67 
11 21 May 1979 OA.11 1.1 67 
12 OA.12 0.5 67 
13 OA.13 0.6 67 | 
14 13 June 1979 OA.14 2.8 67 Known volume of liquid air 
15 14 March 1979 Longview Al Plant (PNW) 3mi LA 1.9 67 
16 Tasmania 3 mi LA — 102 
17 Tasmania 3mI LA 0.2 102 
18 Background PNW 3 mi LA -0.07 67 
19 15 March 1979 South Pole 3 mi LA 0.1 67 
20 f 21 May 1979- OA stored 3 mi LA 2.6 67 
21 21 March 1979 imi LA 2.6 67 
22 13 June- 1979 i mi LA 2.0 67 
23 12 June 1979 Northwich 100 ml A 4,2 67 
E Nan e h A pH 100 ml of gaseous air injected into 
26 Runcorn 100 ml A 34 67 cryotrep 
27 OA 100 ml A oe 67 





OA, Outside air; LA, liquid air; A, air; PNW, Pacific North West; Al, aluminium. 


Manchester. When measured using mass 67, samples 23-26 
showed elevated levels of F21 with values between 4 and 
37 p.p.t.v. Unfortunately these values were not confirmed by 
measuring masses 69 and 102, and samples collected more 
recently in this area show only very low F21 levels 
(~1.5 p.p.t.v.). Whilst it is thus quite feasible that Crescentini 
and Bruner were sampling F21 in polluted air, there still remains 
some doubt that concentrations as high as 20 p.p.t.v. occur. 

If the only sink for F11 in the troposphere involved F21 
production, then a lifetime for F11 could be derived from a 
knowledge of the relative F11/F21 concentrations and the rate 
of decay of F21. In the troposphere, the most likely sink for F21 
is reaction with OH radicals, so: 


[OH 
CCLF (F11) > CHCLF (F21) —> products 
and 


[F11] 
[F21] 


This simplified equation yields a 7(F11) of 200-300 yr. The 
concentrations of F11 and F21 were taken to be 165 p.p.t.v. and 
1.6 p.p.t.v., respectively. r(F21)~{K[OH]}"' is between 2 and 
3 yr based on the reaction rate constant of F21 with OH of 
1.5 x 107"? exp (—1,184/T) cm? molecule”! s7! (ref. 13) at the 
average temperature of 260 K with mean OH densities in the 
range 0.6-1 x 10° molecules cm™? (ref. 14). This equation for 
7(F11) is approximately valid when F11 and F21 are in a steady 
state. We calculated the lifetime of F11 using more complex 
expressions without the steady-state assumption, but the results 
were not significantly different. Furthermore, we used the 
average of the highest observed concentrations of F21 
(1.6 p.p.t.v.). Our other measurements imply that, in fact, the 
global concentration of F21 is probably well below this value 
(~0.1 p.p.t.v.), which would in turn imply that such a conversion 
of Fl1+F21 is much less significant than calculated above. 
Therefore, our measurements show that the lifetime of F11 due 
to its possible conversion to F21i is much longer than that derived 
from stratospheric photolysis’, which is ~50 yr. For this tro- 
pospheric removal process of F11 to be equivalent to stratos- 
pheric photolysis, a background F21 concentration of 6 p.p.tv. 


HEID ~ ———— r(F21) 
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would be required; a dominant tropospheric removal process 
would need a level exceeding 10 p.p.t.v. 

In the discussion above, we have considered the extreme case 
where all the observed atmospheric burden of F21 results from 
destruction of F11. In fact, all or part of the atmospheric burden 
may be due to other sources which include direct industrial 
emissions? and volcanic emissions '® 

Definite statements can be made only if more data are collec- 
ted on the atmospheric concentrations of F21 in the background 
atmosphere, which would also justify more detailed theoretical 
treatments than discussed in this study. Our present experimen- 
tal results show that non-urban F21 concentrations range from 
~Q.1 to 2.5 p.p.t.v., indicating that even if there are environ- 
mental processes which destroy F11, converting it to F21, they 
would not be a significant global, tropospheric sink for F11. 

We thank Dr R. G. Derwent for helpful discussions and Steve 
Crawford and Bob Dalluge for laboratory assistance. This work 
was funded by the Chemical Manufacturers Association and the 
UK Department of the Environment. The samples 23-26 were 
obtained with help from ICI Ltd. Support from the NSF, grants 
ATM 7806628 and DPP 77-23468, is gratefully acknowledged. 
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The use of dated tree-ring series to reconstruct past climate has 
received much attention in recent years™?. The development of 
long and climatically responsive chronologies in many areas of 
the Southern Hemisphere is an important step towards better 
understanding past environments in these areas’, but little 
dendrochronologically related work of any sort has been done 
on the African continent*"', and most of this has consisted 
primarily of ring counts to estimate ages. We report here on the 
development and climatic interpretation of the first dated 
annual ring-width index chronology from Africa south of the 
Sahara. 

Tree-ring samples were collected from a large number of sites 
in South Africa’* as part of a broader-scale effort to reconstruct 
climatic variability in the Southern Hemisphere. The results of 
reconnaissance sampling, combined with previous experience 
elsewhere, led us to concentrate on conifers in the genera 
Podocarpus (Podocarpaceae) and Wéiddringtonia (Cupres- 
saceae) in western and southern Cape Province. One species, W. 
cedarbergensis, seemed to offer particular promise by virtue of 
its apparent great age, its tree-ring properties, and its occurrence 
in marginal habitats of the Cedarberg Mountains. 

The Die Bos site, which provided the tree-ring samples on 
which this analysis is based, is located in the rocky Cedarberg 
Mountains about 200 km north of Cape Town. It is one of the 
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Fig.1 Detail of growth rings in W. cedarbergensis. a, Frost ring in 

earlywood of 1787;°b, resin band in centre of 1786 ring; c, 

intra-annual band in latewood of 1783 ring. Rings following 1787 
have clearer latewood terminations than do earlier ones. 
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Fig.2 Portions of ring-width plots for six trees from the Die Bos 
site illustrating crossdating in the period 1750-1850. 


largest remaining stands of W. cedarbergensis, whose numbers 
have been greatly reduced by woodcutting and wild fires. Scat- 
tered Protea (sp.) trees and shrubs are the main associates on this 
sparsely vegetated site. The climate in the Cedarberg is 
moderately warm in summer and cold in winter, and the area 
receives between 300 and 900 mm of precipitation per year, 
mainly in winter. 

Our sample includes 58 increment cores from 28 living trees 
up to 12 m tall and 150 cm in diameter. These are supplemented 
by cross-sectional disks from 19 dead trees and stumps. Lobate 
growth is uncommon in this material, as is the wedging out of 
individual rings. Circuit uniformity is generally good, with ring- 
width patterns being similar on various radii of the same tree. 
However, several growth features make cross-dating unlike that 
in most other species (Fig. 1). Many rings lack an abrupt 
termination of latewood growth, and may have several false 
bands within the latewood, making determination of the precise 
ring boundary difficult. Resin-filled bands of cells occur in some 
rings that may appear as sharper, more distinct lines than the 
true boundary. The ‘signature’ rings commonly used by 
dendrochronologists to crossdate specimens (rings that are 
relatively narrow On many trees in a site) are not common. 
Rather, unusually wide rings (Fig. 2), which in some cases (1787, 
1816) exhibit characteristic frost damage in the earlywood are 
more reliable dating checks. These frost rings (Fig. 1) are 
unusual because trees of most species are not susceptible to such 
damage after they reach several centimetres in diameter. At Die 
Bos, mature trees are found with frost rings that date consis- 
tently between trees. It is not known why these rings are often 
relatively wide as well. Figure 2 also illustrates the wide varia- 
tion in growth rates and sensitivities found in trees at this site. 
Some, like trees c and e, are relatively slow-growing, but have 
several extremely wide rings. Others, such as a and 6, have many 
relatively wide rings, some of which crossdate with other trees. 
There is little doubt that the rings dated in this chronology are 
annual, for several reasons. First, the extreme seasonality of the 
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Mediterranean-type climate is likely to limit growth to a single : 
growing season each year. Second, locally absent (‘missing’ } 


rings are infrequent, and relatively few rings in any specimen are 
ambiguous; false bands can usually be clearly differentiated 
from the annual rings. by careful inspection and crossdating. 

The site chronology. beginning in AD 1564 (Fig. 3) was 
developed by standard methods’ after all suitable samples were 
dated. It represents the average of ring-width index series from 
52 radii on a total of 32 trees, an unusually large sample size. An 
analysis of variance’ based on data for the 1892-1976 subperiod 
showed that 29% of the total sample variance is retained by the 
site chronology, indicating a fairly high degree of ring-width 
variation in common between different radii and different trees. 
Presumably, this reflects a fair degree of common response to 
year-to-year variations in the local environment, including cli- 
mate. 

A climatic response function’ was computed to evaluate the 
nature of the climatic ‘signal’ contained in the site chronology 
(Fig. 4). It is based on comparison, using multivariate analytical 
methods, of morithly climatological data from a nearby station 
with the annual ring-width index during the period 1931-60. 
The climatic variables used are the monthly average daily 
maximum temperature and the total monthly precipitation dur- 
ing each month in an 18-month climatic interval beginning in 
spring (October) of the year preceding initiation of ring growth, 
and ending in autumn (March) of the calendar year following the 
year in which growth begins. That is, this interval includes the 
past and present growing seasons. The growing season for this 
species probably includes the period October through March. 
Previous ring-width index was not used in generating the 
response function shown here, but incorporating previous 
growth in the analysis produces very similar results. 

The response function results show a high degree of cor- 
relation of tree growth with climatic factors; 73% of the year-to- 
year variability in ring-width index can be explained by depar- 
tures from normal temperature and precipitation during the 
18-month interval preceding and concurrent with the growing 
season. However, the response is complex, with opposite 
responses to the same variables occurring in different seasons of 
the year. A dominant feature is the positive response to pre- 
cipitation of the previous and current spring and early summer 
(September or October to December). Coupled with a negative 
response to higher than normal temperatures in the previous 
and current early summer (November~December), this suggests 
that one component of the relationship is a negative response of 
tree growth to spring and early summer drought. However, in 
some months, a negative response to precipitation and positive 
response to temperature also occur. We can tentatively interpret 
the long tree-ring chronology (Fig. 3) as a record of spring and 
early summer moisture availability, but other chronologies from 
a greater diversity of habitats and a broader geographic area 
must be developed, studied, and compared to understand better 
the climatic history of southwestern South Africa over the past 
several hundred years. For example, the occurrence of frost 
"rings in most trees following the extremely large volcanic erup- 
tion of Tambora at 8 °S in 1815 may suggest a dust veil effect on 
temperatures of interest to climatologists. 

Dendrochronological study of W. cedarbergensis can also 
provide a fire frequency record. Several charred disks from the 
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Fig. 3 Site chronology of average ring-width indices, Die Bos, 
Cape Province. 
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Fig. 4 Climatic response function for the Die Bos Widdringtonia 

cedarbergensis chronology. Based on. cor ad climatological data 

from Clanwilliam, Calvinia, and Langgevens, Cape Province, 
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Die Bos site have an outer ring dated 1872, and some living trees 
exhibit a marked growth surge beginning the next year, sugges- 
ting a release effect following fire. A marked re in band in the 
ring for 1771, along which many speciinens split, may be the 
result of an earlier fire. Fire-scarred living trees are unusual in 
this resinous, flammable species; trees are generally either killed 
or left unscarred by fire. 

There is potential for development of much longer tree-ring 
chronologies than that presented here. Dead wood decays 
slowly in this semi-arid environment, especially in rock crevices 
or overhanging rock shelters, and wood from stumps, logs, and 
remnants can be cross-dated with living material. Ring-width 
plots for trees a and d (Fig. 2) illustrate the matching of such 
‘floating’ series with growth records of living trees at the site. 

This analysis illustrates the potential for development and 
climatic interpretation of long tree-ring records from southern 
Africa. In addition to study of ring-width variability, other 
approaches such as analysis of stable isotopic composition may 
yield further information. Some of this material has already 
been supplied for isotopic analysis. 

We thank F. Kruger, A. Lamb, and F. Hanekome for support 
and field assistance, E. Ashton for selected climatological data 
from copies of the South African Weather Bureau’s magnetic 
tapes. This research was supported by the Climate Dynamics 
Program, Division of Atmospheric Sciences, NSF. 
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The vertical flux of particulate organic matter to the ocean floor 
is controlled by complex remineralization and transport pro- 
cesses. Rapidly sinking, large (>32 pm) particles may account 
for most of the vertical mass flux’*. Experiments involving 
collection of sedimenting particles in traps deployed at varying 
depths in the water column provide a way of assessing these 
processes directly ™. Measurement of organic carbon content 
of trap material may lead to a general understanding of the flux 
of particulate organic matter to the sea floor™™™, However, 
details of the transport and transformation phenomena involv- 
ing sinking particulate organic material can be elucidated only 
by determining distributions of specific organic compounds 
associated with the particles''’?. We report here direct flux 
measurements and composition of lipids obtained by organic 
geochemical studies of particulate material collected in a deep- 
sea moored sediment trap experiment in the equatorial Atlantic 
Ocean. 

The PARFLUX E station was located on the Demerara 
abyssal plain (5,288 m) ~750 km from the Guyana coast at 
13°30.2' N, 54°00.1' W. Four sediment traps were placed along 
a fixed mooring at depths of 389, 988, 3,755 and 5,068 m, and 
recovered after 98 days (November 1977-February 1978). The 
water column had a weak oxygen minimum between 200 and 
400 m, and the main thermocline was located at 300m. No 
significant nepheloid layer was reported’. Sodium azide was 
added to each trap before emplacement and diffused into the 
collection cup’* during the experiment to retard bacterial 
spoilage of the trapped material. 

Particulate samples were wet sieved and split with a rotary 
splitter’. Aliquots were taken for geological’, elemental and 
isotopic’, and organic geochemical (present) studies. About 
one-sixteenth of each sample (0.03-—0.4 g sediment depending 
on availability) was extracted with toluene/methanol (1:1). 
Amino acids present in this extract were partitioned into 
saturated salt solution, while the remaining lipids were parti- 
tioned into hexane. The hydrolysed amino acids were analysed 
by a modification of the fluorescence technique of Hill et ai. 
An aliquot of the hexane-soluble lipids (0.5-5 mg of lipid) was 
hydrolysed for total fatty acid analysis. A second aliquot (0.4— 
4 mg) was separated into constituent organic compound classes 
by adsorption chromatography (Merck silica gel 60, 5% de- 
activated with water) by elution with a series of solvents of 
increasing polarity (ranging from hexane, toluene in hexane, 
increasing proportions of ethyl acetate in hexane, ethyl acetate, 
to methanol). 

The molecular composition of compound classes collected 
(given in Table 1) was determined by glass capillary gas 
chromatography (GC) (Carlo Erba 2150 and 4160, and Hewlett 
Packard 5710 and 5840 chromatographs; 15-25 m x 0.3 mm 
i.d. columns, deactivated by persilylation and coated with SE- 
52'*) and capillary gas chromatography/mass spectrometry 
(GC/MS) (Finnigan 3200 and 1015 SL). Electron impact and 
isobutane- or methane-chemical ionization spectra were 
obtained, depending on the compound class. Fatty acids were 
analysed as methyl esfers’®, and fatty alcohols and sterols as 
acetate derivatives. Wax esters, steryl esters, and tri- 
acylglycerols were analysed intact by capillary GC and GC/MS. 
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Compounds were identified where possible by comparison with 
GC retention times and mass spectra of authentic standards. 
Concentrations of hexane-soluble lipids were estimated by 
weighing an aliquot on an electrobalance; concentrations for 
compound classes are sums of individual compounds deter- 
mined by gas chromatography. Laboratory blanks were carried 
through the entire workup and were generally significantly 
lower than samples. We cannot estimate sampling variability as 
single samples were collected, but analytical precision for each 
compound class is better than +20%. 

Organic geochemical results for PARFLUX E sediment trap 
samples are given in Table 1 as total amounts of material in each 
trap and as mass fluxes at the depths sampled. The major 
compositional features of the lipid classes analysed are sum- 
marized in Table 2. Further details of compound distributions 
will be given elsewhere. 

Particles <1 mm in size accounted for most of the particulate 
flux at all depths sampled. The amount of material <1 mm varies 
little with depth in the water column. Honjo* found these 
particles to be amorphous aggregates of organic matter 
composed of foraminiferal tests, radiolarian skeletons, small 
pteropod shells, and faecal pellets. Only in the 389 m trap were 
particles > 1 mm important, these including larger faecal pellets 
and some intact zooplankton’. 

Bulk organic matter flux decreased rapidly with increasing 
depth in the mesopelagic zone (389 and 988 m traps), stabilizing 
in the bathypelagic layer (3,755 and 5,068 m samples). Organic 
carbon comprised ~50% of the organic matter in the meso- 
pelagic samples and ~35% at the two deeper depths. Of the 
organic carbon fixed in the euphotic zone at this location? 
(200 mg m`? day™'), ~4-6% reached the mesopelagic traps. 
Only ~1% arrived in the deep traps. These observations are 
consistent with a rapid turnover of bulk organic matter in the 
upper portion of the water column, with a small and highly 
fractionated amount reaching the sea floor. 

Lipids were rapidly depleted in the upper 1,000 m of the 
water column. Unlike bulk organic matter and organic carbon, 
lipid fluxes decreased throughout the water column. Lipids 
became a proportionally smaller fraction of the organic flux 
(15% at 389 m and 2% at 5,068 m), indicating that they were 
consumed preferentially compared with other components of 
the overall organic pool. 

Fluxes for specific organic compound classes followed three 
trends (Table 1): (1) a rapid decrease with depth (hydrocarbons, 
fatty acids, wax esters, steroid ketones, and lipid-associated 
amino acids); (2) a rapid decrease between 389 and 988m 
followed by a slight flux increase in the 3,755 m trap (free fatty 
alcohols); (3) a maximum flux at 988m (free sterols, stery! 
esters, triacylglycerols). Major aspects of our observations are 
outlined below and in the tables. 

Hydrocarbons of planktonic origin (n-C,,, Cig, and a lesser 
amount of pristane) dominated all four traps. Long-chain (C2<- 
C3,) hydrocarbons were also present at lower abundances at all 
depths, indicating long-range transport of continentally derived 
material. Sterenes were detected, primarily in the 389 and 
988 m samples, where they were more abundant than alkanes in 
the same carbon range. This suggests active microbial trans- 
formations of organic matter in or on sinking particles and a 
relatively fast biogeochemical formation for sterenes'®. We 
cannot, however, rule out a planktonic source for these cyclic 
hydrocarbons. 

The flux of total fatty acids (free + esterified) decreased 60- 
fold with increasing depth. Free fatty acids, a minor fraction of 
the total acid pool, showed a smaller decrease. The fatty acid 
composition of the particulates reflects a planktonic source. 
Recycling and sinking of particles resulted in rapid degradation 
of all fatty acid moieties, unsaturated compounds being lost 
more rapidly than saturated ones (for example, 
saturated/unsaturated acids=5 and 60 at 389 and 5,068m 
respectively). Branched-chain fatty acids, potential markers of 
microbial contribution’”*’, were minor constituents, and their 
relative abundance did not increase with depth. 
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Table 1 Organic geochemical results for PARFLUX E sediment traps 
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El >Imm 05 01 0.04 20 170 5,100 s 20 20 3,2 ggi 3,360 200 110 
) : | "7 
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* Weight calculated from weighing replicate aliquots of splits’. 
+Datafromref.3. © | 

¢ Gravimetric determination. 

§ Determined by GC or HPLC (amino acids). 

|| Not detectable relative to blank. 


Unsaturated wax esters (for example, Cy4.;/C34.0 = 40 at 
389 m) dominated the wax ester flux. The composition was 
indicative of a zooplankton origin®***. Degradation of 
unsaturated wax esters appeared faster than loss of saturated 
analogues. However, even at 5,068m depth, unsaturated 
compounds dominated the wax ester distribution (C34.;/C34.0 = 
15). 

Steroid ketones (stanones + stenones) exhibited a gradual flux 
decrease with increasing depth. The major ketone in each 
sample was cholest-4-en-3-one, representing 60% of the ketone 
flux into the mesopelagic traps and about 35% into the deeper 
traps. In situ production of steroid ketones, possibly through 
microbial transformations of sterols, may have occurred as the 
particles sank. The gradual flux decrease of ketones compared to 
sterols (see below) could be due to differing degradation rates. 

Amino acids associated with the lipid fraction in the meso- 
pelagic traps were similar in composition to the protein amino 
acid composition of plankton. Such distributions were also 
found in suspended particulate matter filtered from seawater in 
the Pacific’. In contrast, only glutamic acid, aspartic acid, 
alanine, serine and glycine were detected in the deeper traps. 
These are the major amino acids in bacterial cell walls”° and may 
reflect bacterial input. 

Free fatty alcohols of 14, 16 and 18 carbon atoms were 
associated with particles in all four traps. Only about 10% of the 
alcohols in the 389 m trap were found in the 988 m trap. On the 
other hand, we observed a significant enrichment of fatty alco- 
hols at 3,755 m. The several compounds responsible for this 
increase remain unidentified at present, but they are neither 
straight-chained molecules nor phytol. 

The free sterol flux maximized at 988 m, where cholest-5-en- 
38-ol accounted for 95% of the sterol composition. In contrast, 
at 389, 3,755 and 5,068 m, a wide range of planktonic sterols 
were present. 

Steryl ester fluxes and molecular distributions correlate well 
with free sterols, although the relative flux increase at 988 m 
over 389 m was about an order of magnitude greater for the 
esters. In the 389 m sample, steryl esters were composed of a 


range of sterols (Table 2) and primarily Cisco and Ciso fatty 
acids. However, esters of cholest-5-en-38-ol predominated at 
988 m. 

Triacylglycerols in the 389 m trap were composed primarily of 
Ciao, Cis: and Ciso fatty acids, resulting in a Cas-Cs; carbon 
range. Polyunsaturated fatty acid moieties (C22.¢ and Cag.s) were 
more abundant in the 988 m sample than saturated or monoun- 
saturated acids. 

Our results suggest that significant alteration of organic 
compounds produced by phytoplankton and zoo- 
plankton*'**:**’*? in the upper water column takes place even 
before the particles reached the shallowest trap. For example, 
n-C17, Cy, and pristane were depleted relative to other alkanes 
in the 389 m trap compared with freshly sampled indigenous 
zooplankton collected at 300 m at the PARFLUX E site (our 
analyses). Unsaturated fatty acids and wax esters in this trap 
were apparently degraded more rapidly than saturated acids and 
esters. On the other hand, sterenes and steroid ketones were 
generally absent from the plankton lipid but were abundant in 
the trap samples. 

Details of food web dynamics, microbial transformations and 
biochemical reactions in the open ocean are poorly understood. 
However, it is apparent that many of the organic compounds we 
analysed are consumed (recycled and/or remineralized) in the 
mesopelagic layer in this part of the ocean. Only a few per cent of 
these compounds are associated with particles reaching the 
bathypelagic zone. Nevertheless, alterations of the composition 
of extractable organic matter on the sinking particles occur 
throughout the water column and significant amounts of labile 
organic material reach the sea floor. Many of the compositional 
changes we observed take place below the ~300 m depth below 
which Menzel”? thought most organic compounds were refrac- 
tory. 

We cannot preclude that vertically migrating zooplankton 
were not entrapped in the mesopelagic sediment traps. 
However, it is unlikely that the flux maxima at 988 m for sterols, 
steryl esters, and triacylglycerals are due to such entrapment. 
Only in the 389m trap did particles >i mm contribute 
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Tabie 2 Composition of pid classes in PARFLUX E sediment traps 


Compound chess 
Hydrocarbons 





Fatty scxds Cis e”, Cini, Cis e dominate all depthst 


mesopelagic traps, 1-2% in bathypelagk 
traps 

Iso, anteo Ci, Ciy minor (<2%) at all 
depths 
total wax ester at 389 m; ~50% at 988 


and 5,026 m, 25% at 3,755 m depth) 
e a Cis œ Cn œ Cis: 


Patty aleshols Cirus; Cig œ Cis i Crs i 


Wax ceters 


(extractable) 


Froo fatty alcohols C rC 
Free sterols — 


Cis œ Cis 1 Cis œ Cig ı dommate 
Cholest-5-en-38-ol dominant sterol at all 
depths (95% of sterol distribution at 

988 m; 20-50% in other depths) 
Cholesta-5,22(E)}-den-3 8-ol, 24-methyl- 
cholesta-5,22(E)-dien-39-al, 4,23,24- 

tromethy|~5a-cholest-22-on-3 8-ol abun- 


dant 
389 m Cig œ Cie o major 
988 m Cis oœ Cis œ Cis œ 


Ci, ; Mayor 
Sterals: 389 m cholest-5-an-3f-01 


Story! esters > — 


988 m holon 5 e901 
| ol, cholesta- 5,208) 
Triecyighycerols Cys- Cost 





* Shorthand notation denotes number of carbon atoms: number of double 
bonda. i 

t For oach category, compounds are listed in arder of decreasing relative 
abuncences. i ; 


t Total carbon number (acyl cerbons + glycerol ations). 


significantly to the flux of organic compounds (Table 1). 
Furthermore, at 988 m the individual molecular constituents of 
the sterol, steryl ester, and triacylglycerol fractions were vastly 
different compared with both shallower and deeper samples 
(Table 2). Two hypotheses may be proposed to account for these 
maxima. First, differences in biological communities populating 
this region of the water column may be responsible for the 
different inputs of these organic compound classes at depth 
compared to shallower than 389m. Alternatively, organic 
matter produced in the euphotic zone’ may be compart- 
mentalized and transported through 389 m, followed by the 
release of these compounds below the 389 m trap 

Our interpretations are constrained by the limited data set—a 
single set of samples from one location in the World’s ocean. In 
addition, our lipid dnalyses account for only ~15—20% of the 
total organic flux. However, we are pursuing a better’ under- 
standing of the cycling of organic matter in the oceans by 
continuing detailed organic analyses of particulate matter 
collected in sediment traps in both open ocean (North central 
Pacific) and coastal (Peru upwelling, Panama Basin, and coastal 
California) areas. In tation of all sediment trap results are 
complicated by questions of differential settling rates, resus- 
pension of bottom sediments and horizontal transport proces- 


Nature Vol. 286 21 August 1980 


ses, trapping efficiencies, and the potential for chemical and 
biochemical reactions after particles have been intercepted. 

Drai authors have focused on the measurement of total 

ganic carbon associated with particles caught in sediment 
traps? 55-10, 1°, Our results, however, show for the first time that 
while total organic carbon fluxes in the deep ocean decrease only 
slightly throughout the water column, the composition of 
portions of this material changes dramatically. These changes 
reflect processes acting on the particles during transport through 
the water column, and they are important to the composition of 
the organic matter being deposited at the sediment—water inter- 
face. 

This research was supported by contract NOOO14-79C- 
0071 from the Office of Naval Research and grants OCE 
78-26084, OCE 78-26180, and OCE 77-27004 from the 
National Science Foundation. We thank Susumu Honjo, Peter 
G. Brewer and Derek W. Spencer for sediment trap samples, 
and Carl O. Erba for analytical assistance and S. Henrichs, D. 
Repeta, J. Hunt and S. Honjo for valuable comments. Woods 
Hole Oceanographic Institution contribution No. 4569. 


Rocerved 19 blarch, accepted 9 Jons 1980 


McCarve, I N, Deep-Sea Res 21, 491-502 (1975) 
Honjo, $ J mar Res 3, 469-492 (1978) 
Honjo, 8 J mar Rex 38, 53-97 (1980) 
. Berger, ae H & Sonar, A Scrence 156, 1495-1497 (1967) 
PH, — H & Woga, C J mar Res M, 341-354 (1976) 
D.W eal J mar Res 36, 493-523 (1978) 
PG » Nowak, Y, Spencer, D W & Flow, A P J mar Res (m the press) 
GA Ee MN AR a A A 


me OO o d OA ta m® ld &) 


ha et 


,W.G & Rom, E H Natare 283, 364-365 (1980). 

Cop, P T, Breaner, S , Venketesan, M I, Ruth, E & Kaplan, I R Geochem commecksm. 
Acta 43, 1791-1801 (1979) 

i2 Prahi, F, G & Carpeuter, R Geochim commachim Acta 43, 1959-1972 (1979) 

13 Honjo, 8 & Connell, ] F Teck Rept, 79-80 (Woods Hole Ocoanograpec 

1979 


} 
14 Hall, D W, Wien, F H, Whon, T D & Stunt, D Anai Chem 51, 1338-1341 
(1979) 
15. Grob, K , Grob, G & Grob, K Jr HRC &AC C 131-35 (1979), 2, 677-678 (1979) 
16 híiotcaH, L D & Schout, A A Amat Chem 33, 363-364 (1963) 
17 Galh, G & Paoletn,E G Lipids 2, 72-75 (1967) 
18 pe eee ee fe ee 
Oe E ar T 
W J & Bumer, M Deep-Sea Res 15, 535-5340 (1968) 
JD & Cowal, R R Int J Sya. Bact 13, 442-458 (1973) 
Zz Pary, G J . Volkmen, J K , Johns, R B. & Bager, J H Jr Geechun cosmectum Acta 43, 
715-1728 (1979) 
23. Nevecrl 3 C Lands 5, 308-319 (1970) 
24 Te Loo, R F & Noversei,J C m Chemistry and Doochemutry of Narwal Waxes 
ee ee New York, 1976) _ 
a Cie a a 


Acta 42, 1091-1101 (1978) 


Phephysical Parrpecitors in Marma Deelogy (ods Mait, D 
C & Sargeot, J R.) 149-212 (Academic, London, 1976) 
Schmitz, F J m Natural Products Chemical and Baologecal Perspectees Vol 1 (od 
me .) 241-297 (Academic, New York, 1973) 
W in The Sen, Vol 5 (od Goldberg, E D ) 659-678 (Wiley, Now York, 1974). 


i 





First age-diagnostic fossils from 
the central part 
of the North Greenland foldbelt 


Finn Surlyk*, John Malcolm Hurstt 
& Merete Bjerreskovt l 

*Geologisk Museum, Øster Voldgade 5, 1350 København K, Denmark 
+Grinlands Geologiske Underadgelse, Øster Voldgade 10, 1350 
København K, Denmark 
Institut for Historisk Geologi og Palesontologi, Oster Voldgade 10, 
1350 København K, Denmark 


The discovery of Lower Llandovery (Siluriam) graptolites in 
Peary Land, near the top of the sequence in the central part of 
the North Greenland foldbelt, shows that the rocks in this 
sequence are mostly pre-Silurian. It also permits correlation of 
the Hthostratigraphic units in the central foldbeit' with those on 
the margin’ amd on the unfolded to the south**. This 
places constraints on the timing of the Innuitian orogeny in 
North Greenland. 
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A 600 km long east-west trending Palaeozoic foldbelt forms 
the Arctic coastal area of North Greenland? (Fig. 1). The 
foldbelt continues to the west as the Innuitian mobile belt of the 
Canadian Arctic islands*. In Greenland the belt is up to 100 km 
wide and the degree of deformation and metamorphism 
increases from south to north’. The folded sequence includes 
Upper Precambrian to Lower Palaeozoic rocks of a northern 
clastic trough and the adjacent part of a southern carbonate 
platform. 

The evolution of the platform-trough system started in the 
late Precambrian with the development of an incipient east-west 
trending trough. Faulting and subsidence continued through 
Cambrian, Ordovician and Silurian times. The trough was 
formed by rifting and the southern margin was controlled by 
major faults. The northern margin is not known in Greenland as 
it was probably situated under the present Arctic Ocean. The 
trough expanded in several episodes by southwards shift of the 
southern margin to new fault systems. During this process, the 
older fault systems became intrabasinal and largely inactive 
(Fig. 2). 

The first Precambrian?—Cambrian phase of trough fill mainly 
comprised turbidites, dark mudstones, light lime mudstones and 
resedimented conglomerates (quartzite and Paradisfjeld 
Groups; Fig. 3) reflecting the incipient nature of the rift. 
Subsequently, Cambrian turbidite sedimentation reflects deeper 
water and a greater differentiation of shelf and trough. Trans- 
port was both lateral from south and north and longitudinal from 
the east. At the end of this phase turbidite sedimentation was 
punctuated by several episodes of conglomeratic gravity flows 
initiated on the platform margin and upper slope. The turbidites 
and conglomerates represent the Polkorridoren Group’ and 
formation A (ref. 2) (Fig. 3). 

The supply of coarser clastics dramatically decreased in the 
latest Cambrian, and the Ordovician was characterized by slow 
deposition of black mudstones and cherts, (bulk of the Sydglet- 
scher Group’ and formation B (ref. 2)) probably in a deeply 
submerged narrow rift. Thick resedimented conglomerates 
derived from the margin of the carbonate platform and the 
upper slope were deposited along the southern margins of the 
trough. 

The transition from Ordovician to Silurian was marked by a 
new phase of turbidite sedimentation and a sequence several 
kilometres thick was deposited in the trough during the Silurian 
(formation C (ref. 2) and ‘Un-named Silurian flysch forma- 
tion”). Silurian turbidites from eastern Peary Land to Hall Land 
(Fig. 1) were transported longitudinally from the east. 

Contemporaneously, a variety of shallow marine lime- 
stones and dolomites with minor intercalations of terrigenous 
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clastics were deposited on the platform to the south (Figs 2 
and 3). 

During the Llandovery-Wenlock transition the platform 
margin collapsed. The position of the new border fault is not 
precisely known, but in the Peary Land area the onlapping 
turbidite sequence can be followed several hundred kilometres 
to the south’. 

Silurian turbidite sedimentation was periodically interrupted 
by deposition of resedimented conglomerates derived from the 
upper slope and platform margin. The youngest preserved 
deposits of the North Greenland trough are turbidites and chert 
conglomerates. 

Subsequently, orogenic deformation of the sequence is 
assumed to be of Devonian-early Carboniferous age’. Foldbelt 
strike is east-west parallel to the strike of the platform trough 
boundary. The southern margin of the foldbelt (Fig. 1) roughly 
coincides with this boundary and three major tectonic zones are 
recognizable in the Peary Land region. The platform carbonates 
are mainly undeformed whilst the trough clastics adjacent to the 
platform are folded. Northwards deformation increases and in 
Johannes V. Jensen Land the trough sediments are metamor- 
phosed to amphibolite facies along the northern coast’. 

In the past, three independent stratigraphies have been put 
forward for each of these zones. To the south a comprehensive 
scheme covers the generally richly fossiliferous carbonates**””. 
The overlying Silurian turbidite sequence is lithologically 
monotonous and poorly fossiliferous and has not received the 
same detailed study. However, three formations can be recog- 
nized, comprising a basal mainly shaly unit of Llandovery to 
Wenlock age, a middle sandy turbidite unit of Wenlock age and 
an upper conglomerate unit of Wenlack age (Fig. 3). 

The sequence of the foldbelt margin was subdivided into three 
formations’. These include formation A, a sandy turbidite 
sequence capped by a major resedimented conglomerate unit. 
This is overlain by formation B, mainly a mudstone and chert 
sequence with wedges of resedimented conglomerate. Finally, 
formation C is the basal part of a major sandy turbidite unit. 
There are a few sporadic biostratigraphic dates from these 
sequences but there is no comprehensive zonation. Formation A 
is bioturbated in several horizons and it is underlain by units 
containing abundant trace fossils. The base of formation B 
contains graptolites of earliest Ordovician (early Canadian) 
age’. Consequently, formation A is probably Cambrian age 
throughout. Formation B has yielded graptolite faunas from the 
lower half indicating an early to middle Ordovician age. The 
graptolites Climacograptus miserabilis Elles & Wood and 
Orthograptus sp., resembling O. quadrimucronatus (Hall) 
indicating a late Ordovician (Cincinnatian) age, have been 
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Fig. 1 Simplified geological map of North Greenland. Based on refs 3, 8 and unpublished observations. The southern limit of the central 
foldbelt corresponds to the Harder Fjord fault. The southern limit of the marginal foldbelt roughly corresponds to the Navarana Fjord fault. 
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Fig. 2 Tectonic sedimentological setting of the early Palaeozoic rift in Peary Land, in late Silurian time. 


obtained from the top of formation B. Formation boundaries are 
diachronous particularly between formations B and C, which fall 
within the Upper Ordovician to Lower Silurian range. 

Until now, no age-diagnostic fossils have been obtained from 
the central part of the foldbelt, but unidentifiable graptolite 
fragments were reported from the upper part of the sequence’. 
The first lithostratigraphic scheme for this area’? was 
subsequently revised’ and comprises three groups subdivided 
into informal formations (Fig. 3). A fourth group was recog- 
nized’? in 1979. These comprise from below: an un-named 
quartzite group, and the Paradisfjeld, Polkorridoren and 
Sydgletscher Groups'’. Previously, correlation between the 
three independent stratigraphic schemes of the central foldbelt, 
foldbelt margin and unfolded carbonates and clastics to the 
south was speculative. This was due to lack of faunas and to 
lateral facies changes. 

Two formations were recognized in the Polkorridoren 
Group’, of which the upper characteristic turbidite unit was 
tentatively correlated with formation C of the foldbelt margin 
and the Silurian turbidites of the unfolded areas to the south’. 
This correlation was based primarily on lithological resem- 
blance. By implication the overlying Sydgletscher Group was 
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assumed to be of late Silurian to Devonian age’. This group 
which is more than 1 km thick is divided into five formations ™’*. 
An assemblage of graptolites was found 142 m above the base of 
the penultimate formation, termed upper Sydgletscher shales 
(3d). These graptolites, the first age-diagnostic fossils derived 
from the central part of the foldbelt (Fig. 4), provide a cor- 
relation link with areas to the south, considerably revising 
earlier schemes. 

The graptolites appear as flattened carbon films with 
inconspicuous thecal structures and some are tectonically 
compressed. The material comprises about 10 incomplete 
biserial and 15 monoserial fragments. Three specimens can be 
referred to Climacograptus rectangularis (M’Coy)? and four 
monoserial fragments to Atavograptus aff. atavus Jones (Fig. 4). 
C. rectangularis has generally been reported from the atavus to 
cyphus Zones of the Lower Llandovery’’ and recently at least 
up to the triangulatus Zone". A. atavus sensu lato has been 
reported from the atavus to magnus Zones'*, However, A. aff. 
atavus is very similar to specimens described from the atavus 
Zone of Bornholm’’ and the sample is probably referable to a 
stratigraphical level around the atavus-cyphus Zones in the 
Lower Llandovery. 
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Fig. 3 Stratigraphy and facies distribution of a 
north-south transect through the Lower 
Palaeozoic carbonate platform-—clastic trough 
system of Peary land. Based on refs 1, 4, 22 and 
unpublished observations. 
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Fig. 4 First age diagnostic fossils from the central North Green- 

land foldbelt. a, Atavograptus aff. atavus (Jones). Two proximal 

fragments. b, Atavograptus aff. atavus. One distal fragment. Both 

specimens are from the upper Sydgletscher shales. MGUH 15077 
and MGUH 15078. GGU sample 230273. 


This indicates the bulk of the Sydgletscher Group is of pre~ 
Lower Llandovery, atavus Zone age, and thus mainly of Ordo- 
vician age and that it is broadly contemporaneous with forma- 
tion B'of the foldbelt margin (Fig. 3). The correlation between 
the Sydgletscher. Group and formation B is strongly supported 

lithological evidence as both units are characterized by black 
and mudstones. The graptolite-bearing formation is 
overlain by a several hundred metres thick formation consisting 
of extremely thick turbidite beds. Individual beds are structure- 
less and reach thicknesses of 30m suggesting a rapid de- 
positional rate for the formation. 

This formation is the youngest rock unit of the central foldbelt 
and it is unlikely to be much younger than early Llandovery. 

The three stratigraphic schemes used to describe the trough 
sediments of the central foldbelt, foldbelt margin and unfolded 
area can now be combined into a single stratigraphic scheme 
(Fig. 3). The scheme which is informal, shows the main facies 
types and their spatial distribution. A formal comprehensive 
stratigraphy will be published elsewhere. 

In spite of the new biostratigraphic data, it is still difficult to 
date precisely the orogenesis. The youngest folded rocks within 
the central foldbelt are of Llandovery or only slightly younger 
age. Towards the south and west in the marginal parts of the 
foldbelt, the top part of the Silurian turbidite sequence yields 
graptolites of. Ludlow (late Silurian) age (our unpublished 
observations). The presence of earliest Devonian has been 
suggested for a single locality in western Hall Land on the basis 
of one specimen of the graptolite Monograptus cf. aequabilis*®. 
It was recently reidentified by Jaeger (personal communication) 
as Monograptus cf. transgrediens Perner and probably of Pridoli 
(latest Silurian) age. The graptolite bed was overlain by strata 
containing alleged Devonian vertebrates" assigned a Devonian 
age partly on the basis of the underlying graptolites. There is 
thus no evidence of Devonian rocks in North Greenland. 


In eastern Peary Land the folded sequences are overlain with 
angular unconformity by Upper Pennsylvanian and younger 
rocks’. Reliable isotopic ages have not yet been obtained. 
Therefore, the diastrophism can only be loosely dated as 
Devonian to early Pennsylvanian. Comparison with Arctic 
Canada fails to yield more definitive evidence regarding time of 
diastrophism. In Ellesmere Island the most extensive and 
intensive deformation in the history of the Innuitian mobile belt 
commences not later than middle Devonian and was completed 
before the late early Pennsylvanian”’. 

We thank P. R. Dawes, J. D. Friderichsen, N. Henriksen, A. 
K. Higgins and J. S. Peel for criticisms. This work is published 
with the permission of the director of the Geological Survey of 
Greenland. 
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Structure of supernumerary limbs 
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The generation of supernumerary limbs by rotation of amphi- 
bian limb buds or regeneration blastemas is a phenomenon well 
knowa to embryologists’”. The recent revival of Interest in this 
aspect of limb morphogenesis has been largely due to the 
stimulus provided by tke polar coordinate model for control of 
Ihnb outgrowth and pattern’ and subsequent efforts to test its 
validity. The geometrical rales postulated in the polar coor- 
dinate model make precise predictions about the handedness of 
supernumerary limbe., Following antero-posterior (AP) or 
dorso-ventral (DY) inversions, they should be of the same 
handedness as the stump, whether single or in pairs, but after 
inversion of both axes (APDV) pairs should be of opposite 
handedness’. It is surprising, therefore, that the structure of 
supernumerary limbs has never been studied in sufficient detail 
to report whether they really are normal limbe, for only the 
skeletal elements are examined in cleared whole mounts (see 
Fig. 1). This only allows an assessment of the AP axis, and to 
determine the dorsal amd ventral surfaces (and hence the 
handedness), the curvature of the digits ts noted. I therefore 
decided to study the muscle patterns of all types of super- 
sumeraries, and report here that, contrary to expectation, the 
majority of APD VY supernnmeraries are not normal Hmbs bat 
are mirror-image duplications in the dorso-ventral axis, that is, 
either double-dorsal or double-ventral. This presents problems 
for contemporary models of pattern formation in the Hmb, and 
issues a warning to those who use supernumerary mbes as an 
experimental tool to investigate other areas of developmental 
biology. 
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Fig. 1 a, Supernumerary limb generated by grafting a left blastema to a 
right stump. On the left is the right graft, on the right the perfect right-hand 
supernumerary limb which appeared at the posterior pole of the stump and 
bifurcates in the stylopodium. 4, Supernumerary limb generated by rotating 
a right biastema 180° and replacing it on the same stump. On the right is the 
graft, on the left the supernumerary which appeared at the dorsal pole of the 
stump and bifurcated in the stylopodiam. The similarity between this 
supernumerary and that in a is striking and it would normally have been 
identified as a left limb. In fact, on sectioning it was discovered to be 
double-ventral in structure (see Figs 2c, 3e). Victoria blue staining. 


The experiments were carried out on young Ambystoma 
mexicanum, 80-140 mm long, whose limbs had been amputated 
through the mid-stylopodium level. At the late cone/early 
palette stage, blastemas were cut off and either placed on the 
contralateral stump (AP or DV inversions) or replaced upside 
down on the same stump (APDV rotations). Such grafted 
blastemas continue their own development into normal limbs as 
well as participating in the generation of supernumerary limbs at 
the graft~stump boundary. When they had fully developed, the 
muscle patterns of 20 of these grafts were examined and they 
revealed a completely normal anatomy’. The most characteristic 
features of normal limbs are to be found at the carpal and digit 
level, where the dorsal extensors have separated into four 
crescent-shaped muscles, the extensores digitorum breves (Fig. 
2a). The flexors, comprised of about 16 separate muscles’, form 
a large mass of tissue on the ventral surface of the hand which in 
the digits, splits into four semi-circles of muscle (Fig. 2a). A 
three-dimensional reconstruction of the normal muscle pattern 
(Fig. 3a) shows that the sparser dorsal muscles terminate in the 
metacarpals (tendons travel distally to the tips of the digits) 
whereas the ventral muscles themselves extend right to the last 
phalanx. | 

The first series consisted of 11 limbs whose AP axis had been 
reversed, yielding a total of 12 supernumeraries. Ten limbs 
developed single supernumeraries, all at the posterior side of the 
host limb (Fig. 1a), and one a double supernumerary (Table 1). 
It is interesting that this striking bias towards the production of 


Nature Vol. 286 21 August 1980 


Supernumeraries at the posterior pole after upper arm 
inversions is also apparent from other studies**, but it disap- 
pears when blastemas from the lower arm are inverted. All the 
supernumeraries produced in this series were perfect limbs 
whose digits curved ventrally and from an examination of the 
skeletal structure (Fig. 1a) would be considered normal limbs. 
Analysis of the muscle patterns of each of these 12 super- 
numeraries confirmed that they were indeed completely normal 
(Fig. 35, Table 1) and that all were of stump handedness. 

The second series comprised seven limbs whose DV axis had 
been reversed. This yielded a total of 10 supernumeraries, 4 
single and 3 double (Table 1). These were more equally dis- 
tributed between the two poles than in the previous series—55% 
dorsal, 45% ventral. One was slightly displaced in the antero- 
dorsal quadrant. Apart from their position, these super- 
numeraries were in every respect identical to those in the first 
series and an analysis of the muscle pattern confirmed that they 
were completely normal limbs (Fig. 3c, Table 1). Again, they 
were all of stump handedness. 

The third series comprised 12 blastemas rotated 180° 
(APDV). These were a group of limbs from a previous series’ 
and were selected for analysis here because of a good separation 
of graft and supernumerary(ies). For instance, the example 
shown in Fig. 16 bifurcates in the humerus. Eight limbs had 
single supernumeraries and four had double supernumeraries, 
making 16 in all, whose position of origin was random (Table 1). 
These all looked normal when stained with Victoria blue (Fig. 
1b) although in some cases their digits did not curve. An analysis 
of their muscle patterns revealed that 5 of the 16 (Table 1) had at 
the carpal level separate crescent-shaped extensores digitorum 
breves both dorsally and ventrally (Fig. 26), terminating at the 
metacarpals. These limbs had no ventral flexor muscles extend- 
ing to the tips of the digits and were thus identified as double- 
dorsal limbs. The three-dimensional reconstructions supported 
this conclusion (Fig. 3d). A further six supernumeraries had an 
uncharacteristically excessive amount of muscle on their dorsal 
surfaces which did not separate into small crescent-shaped 
elements (Fig. 2c). Instead of the dorsal muscles terminating in 
the metacarpals, they continued to the end of the digits and, 
together with the normal ventral muscles, formed thick circles of 
muscle surrounding each digit (Fig. 2c). These limbs were thus 
identified as double-ventral (Fig. 3e, Table 1). The third cat- 
egory of APDV supernumeraries contained five limbs which 
were completely normal (Fig. 2d, Table 1). 

Thus, the AP and DV supernumeraries examined here were 
normal in every respect and were of stump handedness as had 
been previously supposed. In contrast, the APDV super- 
numeraries had an equal chance of being double-dorsal, double- 





Fig.2 Sections through the carpal/ metacarpal level (upper sections) and distal metacarpal level (lower sections) of various types of limb. Stained with haematoxylin 
and eosin. The dorsal (D) and ventral (V) surfaces are marked. a, A limb which developed from a grafted blastema. This shows completely normal muscle patterns’. In 
the upper section note that the first (left) and fourth (right) digit extensors have already terminated, leaving only those of the second and third digits (e.d.b.}. These are 
crescent-shaped and sit on the flat tops of the basal carpals. The ventral flexor muscles extend right across the hand and are composed of about 16 separate muscles’. 
The lower section through the digits shows the ventral muscles separated into large semi-circles. x175. b, An APDV supernumerary. Clearly, the muscle patterns 
have mirror-image symmetry, as small, crescent-shaped muscles appear at the top and bottom of the limb. This is a double-dorsal limb, the three-dimensional 
reconstruction of which is shown in Fig. 3d. Note also that, particularly in the lower section, the cartilages seem to be mirror-images—both surfaces of the middle two 
elements are flat-topped. x 168. c, Another type of APDV supernumerary. As in b the muscles are mirror-images and in the digits they form complete circles of 
muscle around the phalanges. This is a double-ventral limb, the three-dimensional reconstruction of which is shown in Fig. 3e. Again, particularly in the upper section, 
the carpals appear mirror-images. x 120. d, Another type of APDV supernumerary. ee in contrast to the previous two, was a completely normal limb (compare 
with a). x190, 
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Table 1 The number, position (relative to stump axes) and structure of supernumeraries generated by AP, DV or APDV rotation of blastemas 
nnn 








AP supernumeraries DV supernumeraries APDV supernumeraries 
Supernumerary 1 Supernumerary 2 Supernumerary 1 Supernumerary 2 Supernumerary 1 Supernumerary 2 
No. Position Structure Position Structure Position Structure Position Structure Position Structure Position Structure 

1 P Normal — — V Normal — — PD Double D — — 

2 P Normal — — AD Normal — — AV Double D -— — 

3 P Norma! — — D Normal — — D Normal — — 

4 P Normal — — D Normal — — D Normal — — 

5 A Normal P Normal D Normal V Normal D Double D — 

6 P Normal — = D Normal V Normal D Double V — — 

7 P Normal — — D Normal V Normal AD Double D — — 

K P Normal — — — — — — V Double V — — 

9 P Normal — — — — — — AV Double D P Double V 
10 P Normal — — = — —- — D Normal y Normal 
11 P Normal — — — — -- — A Double V V Double V 
12 — — — — o — — — P Normal D Double V 





P, posterior; A, anterior; D, dorsal; V, ventral; AD, antero-dorsal quadrant; AV, antero-ventral quadrant; PD, postero-dorsal quadrant. 


ventral or normal. As emphasized above, only well separated, 
four-digit supernumeraries were selected for study and the 
typical hypomorphic structures produced in any series of rota- 
tions—spikes, fused supernumeraries or ones with fewer digits 
than normal—were ignored. These are clearly abnormal in the 
AP axis and perhaps also in the DV axis. Furthermore, it may 
well be that other classes of APDV supernumeraries will be 
found, those appearing at frequencies of less than 1 in 16, and 
this possibility is now being investigated. Nevertheless, the 
generation of mirror-image limbs has two significant impli- 
cations for theories of pattern formation. First, it adds to the 
growing body of results which present severe difficulties for the 
polar coordinate model and is contrary to the prediction that 
pairs of APDV supernumeraries should be of opposite 
handedness. The concept of handedness is meaningless when 
applied to mirror-image limbs, and pairs were not even of 
opposite mirroring (Table 1). The only other model which 
attempts to describe the generation of supernumerary limbs in 
such detail is the serial threshold model”, which ascribes the 
formation of mirror-image limbs to different rates of inter- 
calation in each of the three axes. However, theories based 





Fig. 3 Three-dimensional reconstructions of muscle patterns from serial 
sections of various limbs. Every 1 0th section was drawn with a camera lucida. 
These drawings were then projected 1 cm apart on to another piece of paper 
and the surface configurations of the muscles were then drawn. Each 
reconstruction drawn above is to the same scale to show the variation in 
proximo-distal extent of muscles. They are all viewed from the dorsal 
(extensor) surface with flexors underneath and all have a break in the wrist to 
help visualize their internal structure. a, Grafted limb. The blastema, grafted 
at the late cone/early palette stage, develops into a normal limb despite 
having at least one axis inverted relative to the stump. The dorsal extensor 
muscles (dotted) terminate at the carpal/metacarpal level whereas the 
ventral flexor muscles (cross-hatched) continue to the ends of the digits. This 
is the normal muscle pattern in the axolot! forelimb*. b, An AP super- 
numerary limb. This shows the same features as a—short extensors (dotted), 
long flexors (cross-hatched). c, A DV supernumerary limb showing normal 
muscle patterns as in a and b. d, An APD V supernumerary. In this case, the 
ventral muscles (clear) do not extend to the tips of the digits, but form a 
mirror-image pattern of the dorsal muscles (dotted) and terminate at the 
carpal/metacarpal level. This is a double-dorsal limb, the histology of which 
is shown in Fig. 2b. e, An APDV supernumerary. Here both dorsal (cross- 
hatched) and ventral muscles are much more profuse; they continue to the 
tips of the digits and form complete circles of muscle. This is a double-ventral 
limb, the histology of which is shown in Fig. 2c. 


solely on local cell-cell interactions cannot, at their present stage 
of development, provide a satisfactory explanation for the 
appearance of APDV supernumeraries because, whatever their 
structure, there will always be large areas of gross discrepancy 
either between the supernumerary and the stump or between 
the supernumerary and the blastema. This problem is not solved 
by the discovery of mirror-image limbs because a double-dorsal 
limb at, say, the dorsal pole of the stump will abut directly on to 
the ventral pole of the rotated blastema. This should, according 
to local intercalation rules, generate more supernumeraries ad 
infinitum. Clearly, such simplistic descriptions cannot explain 
these phenomena and new models must be devised which 
incorporate more global field constraints. 

These present results also suggest that deterministic models 
be replaced by those with a more probabilistic nature, however 
unsatisfying this may be. The polar coordinate mode] is a highly 
deterministic model in which the cells can only show one parti- 
cular behaviour following one particular experimental inter- 
ference. The result is a strict series of predictions. This is clearly 
not the case for APDV supernumeraries; each class of struc- 
ture—double-dorsal, double-ventral or normal—had an equal 
chance of appearing. This probabilistic concept has been consi- 
dered previously in connection with the induction of super- 
numeraries at angles of rotation other than 180° (ref. 7). Further 
work has revealed a frequency distribution in which the angle of 
rotation is directly related to the likelihood of supernumerary 
induction’. 

It is to be hoped that this finding of mirror-image super- 
numeraries is a universal phenomenon in both regeneration and 
development. In support of this, I have carried out 180° rota- 
tions of developing limb buds in Rane temporaria and nearly all 
of the supernumeraries so generated were double posterior in 
structure. This may indicate that the plane in which APDV 
supernumeraries are duplicated is species dependent, but that 
the general principle remains the same. If this is so, it has 
implications for the other developing system commonly studied, 
the chick limb bud. It means that a graft of the zone of polarizing 
activity (ZPA) in normal dorso-ventral orientation (equivalent 
to an AP inversion) should generate a different type of redupli- 
cate from a ZPA graft with reversed dorso-ventral orientation 
(equivalent to an APDV rotation). How current models of ZPA 
activity can cope with this situation remains to be seen. 

I thank Katriye Mustafa for technical assistance in all aspects 
of this work. 
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The cellular slime mould Polysphondylium pallidum has a 
fruiting body with whorls of branches spaced at regular intervals 
along the stalk (Fig. 1). The spacing between successive whorls is 
quite regular and under genetic control’. Because stalk cell 
number per interval correlates strongly with interval length, we 
have studied the influence of ploidy on the distance between 
whorls to determine if cell counting could account for the 
spacing. It is known that diploid spores and amoebae of Dicty- 
ostelium discoideum and Polysphondylium violaceum are 
roughly twice the size of their haploid parents*”, and we find that 
stalk cells in P. pallidum follow the same pattern. Our results 
show that the number of stalk cells between successive whorls in 
haploids is approximately twice the number in diploids, while 
the spacing remains the same. This clearly indicates that spacing 
is not achieved by a cell counting mechanism. Instead, it appears 
to depend on distance. 

Cells were grown and diploids were constructed by previously 
published methods* using genetically marked parent strains. In 
every case diploid clones were shown to segregate the appro- 
priate recessive genetic markers. Two- to three-day-old fruiting 
bodies cultured on water agar in the presence of activated 
charcoal were either photographed directly (Fig. 1) or trapped 
under a cover slip for photography at higher magnification (Fig. 
2). Figure 1 compares developing and mature diploid fruiting 





Fig. 1 Comparison of haploid and diploid Polysphondylium 

pallidum fruiting bodies. a, Culminating sorogen of haploid 

PN519; b, culminating sorogen of diploid 95a; c, mature sorocarp 

of haploid PN525; & mature sorocarp of diploid 95a. The larger 

sori in d are the result of absorption of water in humid culture 
conditions. Scale bar, 100 um. 
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bodies to the two haploid parents. It is quite clear that whorl 
spacing in diploids is very similar to that in haploids. Quanti- 
tative measurements of large numbers of sorocarps bear out this 
impression: spacing in five independently isolated diploids is 
indistinguishable from the haploid parents (Table 1). 

The most striking feature of whorl spacing in diploid soro- 
carps is that spacing does not depend on a cell counting 
mechanism. This conclusion follows from the results shown in 
Fig. 2 and Table 1. It is qualitatively evident from Fig. 2 that the 
number of cells between whorls is larger in the two haploid 
parents than in diploid progeny, even though the distance 
between whorls is very similar. This impression is borne out by 
the detailed quantitative measurements summarized in Table 1. 





Fig. 2 Comparison of stalk cell size in Polysphondylium pallidum 

haploid (a,c) and diploid (b) fruiting bodies. Stalk intervals of 

haploid PN525 (a), diploid 95a (4), and haploid PNS19 (c). Note 
the larger spores of the diploid. Scale bar, 15 um. 


The average number of cells per interval in the haploid strains 
PN519 and PN525 is almost exactly twice the number in the 
diploid isolates 95a to 9Se, while the cell length is approximately 
one half. The size and shape of diploid spores, shown clustered 
about the stalks in Fig. 2, bears the same relationship to haploid 
spore shape in P. pallidum as it does in D. discoideum and P. 
violaceum*”. 

These results thus eliminate one simple hypothesis that is a 
priori appealing, and suggest that whorl spacing depends on 
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some mechanism other than cell counting. They are reminiscent 
of the effect of increasing ploidy on cell number in amphibians, 
where animals maintain their size and shape by using fewer, 
larger cells*. P. pallidum is unlike many higher plants, however, 
which tend to become proportionately larger following an 
increase in ploidy”, and unlike bristle spacing along Drosophila 
melanogaster basitarsi, where spacing mechanisms seem to 
depend on the number of cells in normal diploid and intersex 
triploids’. 


Table 1 Interval length between whorls and cell number per interval in 


haploid and diploid strains of P. pallidum 


Average interval Average cell 


length Average cell length/interval 

Strain Ploidy (um) number/interval (um) 
PN519 n 374 (110) 45.7 (18.5) 8.7 (2.2) 
PNS25 n 354 (79) 40.4 (14.0) 9.5 (2.7) 
95a 2n 350 (99) 18.4 (8.1) 20.7 (5.8) 
95b 2n 319 (100) 20.5 (8.0) 16.7 (4.7) 
95c 2n 349 (87) 21.4 (9.7) 18.1 (5.3) 
95d — 2n 358 (97) 20.5 (7.5) 18.8 (5.3) 

304 (91) 18.8 (8.3) 17.4 (4.8) 


95e 2n 


Comparison of interval length between whorls, stalk cell number per 
interval, and stalk cell length between haploid and diploid strains of P. 
pallidum. A minimum of 100 intervals on a minimum of 20 sorocarps 
was counted for each strain. Diploids 95a—e were constructed from the 
parents PN519 and PN525*. Values shown in parentheses represent 
+s.d. 


The developmental history of each whorl in P. pallidum is 
complex. Stalk cells are laid down apically as the sorogen 
ascends the elongating stalk. At regular intervals masses 
containing variable numbers of cells pinch off basally from the 
ascending sorogen (this may be seen clearly in Fig. 1a). These 
cells differentiate into whorls with varying numbers of arms, 
each arm bearing a terminal sorus of spores*’. The timing of 
these events clearly determines the spacing frequency. We have 
determined’ that the control of spacing in P. pallidum is as well 
defined as heterocyst spacing in the prokaryote Anabaena 
cylindricata ‘°, even though the distances over which the spacing 
mechanism must operate are roughly an order of magnitude 
larger in P, pallidum, because spacing mutants can be isolated in 
P. pallidum (our unpublished data), Since a facile genetic 
system is available’’, and because the spacing may be altered by 
physiological manipulation®’’, it may be possible to analyse in 
some detail the genetic and physical basis for whorl spacing in 
this simple eukaryote. 


We thank David Francis for supplying the genetic stocks used 
in this study. This work was supported in part by a grant to the 
Biology Department by the Whitehall Foundation and by 
USPHS grants A109392 and CA09167. 
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Squamous (epidermoid) metaplasia is a common abnormality of 
development and differentiation, in which various epithelia are 
replaced by cells resembling those of the epidermis. The 
metaplastic cells differentiate into flattened cells that frequently 
form keratotic flakes and whorls. The cells may regress, remain 
benignly squamous, or progress to epidermoid carcinoma’. 
Squamous metaplasias have previously been brought about by 
mechanical injury’, vitamin A deficiency’* and chemical 
carcinogens”. In search of the physiological mediators of 
abnormal development and differentiation in oncogenesis, we 
have now discovered that the combination of dibutyry! cyclic 
AMP, prostaglandins (PGs) E, E, and B,, and papaverine 
(Pap) induces squamous metaplasia with keratin production in 
the epithelium of cultured mammary glands. The three inducers 
may act synergistically to elevate the level of intracellular cyclic 
adenine nucleotide. Removal of these inducers causes the 
regression of the metaplastic cells. Retinoid does not block the 
induction of this squamous metaplasia, even though retinoid has 
previously prevented and reversed the squamous metaplasias 














caused by vitamin A deficiency or chemical carcinogens in other 
organs**. The findings suggest that cyclic adenine nucleotide 
and the PGs may mediate the squamous metaplasias present in 
many abnormal, transformed and malignant tissues, and possi- 


bly also the normal development and differentiation of epithelia 
into keratin-producing, stratified squamous cells, as in skin. 

The mouse mammary gland can now be manipulated to 
undergo three courses of development and differentiation in 
vitro. First, normal development and differentiation of mouse 
mammary glands can be induced in culture’*'’. The glands of 
hormonally primed female BALB/c mice, 3 to 4 weeks old, 
consist mainly of ducts with numerous terminal buds. When 
cultured in serum-free medium containing insulin (1), prolactin 
(P), aldosterone (A) and hydrocortisone (H), the glands develop 
lobuloalveoli’”'° and produce casein., Removal of all 
hormones except I (regression medium) brings about alveolar 
involution”'°. Such mammary glands exhibit no metaplasia 
(series 1 and 2, Table 1). Subsequent incubation with epidermal 
growth factor and IPAH induces a second lobuloalveolar 
development, which can again be involuted in the regression 
medium'*. All these processes resemble those that normally 
occur in vivo. - 

Second, the epithelial cells of the cultured mammary glands 
can also be transformed by chemical carcinogens, as evidenced 
by the production of nodule-like alveolar lesions that have 
escaped the hormonal controls of alveolar development 5, 
The transformed glands are dysplastic, metaplastic’'* and 
tumorigenic’. In contrast, chemically analogous noncar- 
cinogens have little or no transforming activity’''®. Retinoid can 
prevent, suppress and apparently reverse the transformations 
caused by procarcinogens'*’’, which require metabolic activa- 
tion to become reactive, but not the transformations brought 
about by many activated carcinogens”. 

A third course of development and differentiation is reported 
here. The combination of three agents (dibutyryl cyclic AMP, 
specific PGs and Pap) induces an extensive stratified squamous 
cell metaplasia with keratin production in cultured mammary 
glands (Fig. 1). Fresh whole mammary glands of hormonally 
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Fig. 1 Abnormal development, differ- 
entiation and involution in mouse 
mammary glands in culture: induction of 
squamous metaplasia and keratin 
production by cyclic adenine nucleotide, 
PGs and Pap. The serum-free whole organ 
culture system has been described” * °, 
Female BALB/c mice, 3-4 weeks old, 
were primed by subcutaneous injections 
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of B-oestradiol (1 wg) and progesterone ell 

(1 mg) for 9 consecutive days. On the day | DbcAMP i 

following the last injection (day 0), mice Pap PGE E eee 

were killed and their entire second ap TS Rua l 

thoracic mammary glands were excised day day day 
and floated in medium on Dacron rafts in 0 9 24 
95% O, and 5% CO, atmosphere. ‘ 

Serum-free keratiniziag medium consis- þe— Induction of metaplasia =p- Regression | 


ted of Waymouth MB752/1 medium 





(1 ml per gland), 350 ug mi~’ L-glutamine, 35 pg ml! penicillin G, and the supplements, dibutyryl cyclic AMP (DbcAMP) (1074 M), Pap 
(107% M), (both Sigma), and I (5 ug ml ' (Calbiochem). ‘Enhancing medium’ consisted of the keratinizing medium with additions of PGE,, 
PGE, and PGB, (each 5 xg ml ') (Upjohn). On day 9, the mammary glands exhibited extensive squamous metaplasia and deposits of keratin. 
Maintenance of the glands for an additional 15 days (days 9-24) in ‘regression medium’, containing I (5 wg ml- ') as the only supplement, caused 
the metaplastic foci to involute. Media were renewed every 2 or 3 days as required. Glands were coded, fixed, sectioned at 5 u m, and stained with 
haematoxylin and eosin for histological analysis, and by Masson's trichrome method for histochemical detection of keratin (bright red colour). 


primed BALB/c mice were cultured for 9 days in serum-free 
‘keratinizing medium’, containing dibutyryl cyclic AMP 
(10°* M), Pap (10°° M) as a phosphodiesterase inhibitor'*, and I 
(5 ug ml‘). Most (62%) of the mammary glands developed a 
few foci of epidermoid metaplasia (intensity grade 1) that often 
differentiated to form keratin (series 3, Table 1). Further, when 
this medium was supplemented with a mixture of PGE,, PGE; 
and PGB,, each at 5 ug ml ' (enhancing medium) in series 4, 
there was considerable enhancement of the ability of dibutyryl 
cyclic AMP to induce the squamous development and differen- 
tiation of the epithelium that lined both the mammary ducts and 
alveoli (Fig. 2a,6). Virtually all glands (99%) contained 
numerous foci of metaplasia with central cornification and 
keratin plaques (intensity grade 4). Mitotic figures were present 
in both the metaplastic and normal epithelial cells. All three PGs 
were necessary for maximal effect. Lowering the concentration 
of each PG to 1 wg ml still invoked the epidermoid metaplasia 
in all glands, although the foci were fewer and smaller (grade 
1-2, not shown). The addition of a mixture of PGF, and PGF,,, 
each at 5 wg m`’, to the keratinizing or enhancing medium did 
not augment the effect (series 5). 

The induction of the epidermoid metaplasia specifically 
required the presence of cyclic adenine nucleotide. Dibutyryl 
cyclic GMP at the same concentration (10M), or sodium 
butyrate (cleavage product of dibutyryl cyclic AMP) at twice 
that concentration, failed to replace the dibutyryl cyclic AMP of 
enhancing medium (11% and 0% frequencies, respectively; 
series 6 and 7). Cyclic AMP or 5' AMP had little activity 
compared to the more lipophilic dibutyryl cyclic AMP; they 
required the three PGs to reach the level of activity exhibited by 
the dibutyryl cyclic AMP without PG in keratinizing medium 
(series 8 and 9). Omission of both dibutyryl cyclic AMP and Pap 
from enhancing medium caused complete loss of activity in the 
control series 10 (Fig. 2c). A modified enhancing medium 
lacking only dibutyryl cyclic AMP was partially active (30%, 
intensity grade 1), presumably because of an inhibition of 
degradation of endogenous cyclic AMP by Pap (series 11). 
Comparison of results of series 7 and 11 indicates that the 
presence of sodium butyrate was mildly inhibitory. The high 
frequency (100%) and intensity (grade 4) of metaplasia follow- 
ing deletion of Pap from enhancing medium are consistent with 
the presence of only a low level of endogenous cyclic AMP 
phosphodiesterase activity in the glands (series 12). The use of 
IPAH medium or the omission of all supplements except I 
(regression medium) resulted in no metaplasia (series 1 and 2). 
Mammary glands of mice not hormonally primed yielded an 
intermediate level of squamous metaplasia in enhancing 
medium (each of 26 glands, intensity grade 2). 


Table 1 Induction of epidermoid metaplasia in cultured mammary 
glands 
Metaplastic glands 
No. of Frequency? Intensity 
Series Treatment* glands % gradet 
l 1+P+A+H 30 0 0 
2 I 30 0) 0) 
3 Dibutyryl cyclic 
AMP + Pap +I 
(keratinizing) 31 62 I 
4 Dibutyry! cyclic 
AMP + Pap+1+PGE,, 
E>, B, (enhancing) 114 99 4 
5 Dibutyryl cyclic 
AMP + Pap+I+PGE,, 
Ez, By, Frias Foe 34 100 4 
6 Dibutyryl cyclic 
GMP + Pap+I+PGE,, 
E», B, 27 11 ] 
7 Sodium butyrate + Pap 
+1+PGE,, 
E>, B, 16 0) 0 
8 Cyclic AMP +1 + 
PGE, E2, B, 21 52 l 
9 5'AMP+I+PGE,, E>, B; 28 68 
10 PGE,, E>, Bı + I (control) 46 0 0 
11 Pap + PGE,, E>, B, +1 27 30 | 
12 Dibutyryl cyclic 
AMP +I + PGE;, 
E>, B, 18 100 4 





*Whole mammary glands from hormonally primed mice were 
incubated for 9d in serum-free medium containing the listed supple- 
ments at the following concentrations: dibutyryl cyclic AMP, dibutyryl 
cyclic GMP, cyclic AMP, and 5' adenylic acid (5' AMP), each at 10 M; 
Pap at 10` M; PGs, I, P, A, and H, each at 5 ug ml *; and sodium 
butyrate at 2 x 1074M. 

+Per cent of multiple of glands with foci of stratified squamous 
epithelial cells and keratin deposits. 

tIntensity of metaplasia on a scale of 1-4: grade 0, no epidermoid 
metaplasia; grade 1, minimal epidermoid change. Foci were sparsely 
distributed and poorly developed. Grades 2 and 3, intermediate grades 
quantitatively approaching 1 and 4, respectively. Grade 4, well 
developed foci of epidermoid metaplasia involving the lining of most 
major ducts and distal ductules. Differentiation of squamous epithelium 
was partial to complete, the latter forming keratin plaques. 
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The abnormally developed and differentiated epidermoid 
cells involuted following the removal of the dibutyryl cyclic 
AMP, Pap and PGs (Fig. 1). Incubation of the metaplastic glands 
for an additional 15 days (days 9-24) in the regression medium 
caused complete involution of both the epidermoid and cuboidal 
(normal secretory) epithelia, leaving behind a residue of keratin 
plaques (Fig. 2d). 





Fig.2 Microscopic details of squamous metaplastic and involuted 
mammary glands. Whole glands were fixed, embedded in paraffin, 
cut at 5 um and stained with haematoxylin and eosin’. Arrows 
indicate parakeratotic and keratotic whorls surrounded by layers of 
differentiating stratified squamous epithelium. a, Section of 
mammary gland that was incubated in enhancing medium for 9 
days. Large proximal ducts have extensive epidermoid metaplasia 
with marked keratosis. Folds of darkly staining cuboidal epi- 
thelium (lower centre) are residua of the normal ductal lining 
pushed into the lumen by the subjacent metaplastic squamous 
epithelium (series 4, Table 1). b, Same preparation showing a distal 
ductule and alveolar buds with well developed keratinizing epi- 
dermoid metaplasia. Normal-appearing cuboidal cells are admixed 
above and to the right (series 4, Table 1). c, Section of a control 
gland that was incubated in the absence of dibutyryl cyclic AMP 
and Pap in medium containing I and PGE,;, PGE, and PGB, for 9 
days. The appearance is like that of the primed gland at day 0. The 
ductal system is developed, but there is no lobuloalveolar growth. 
The epithelium is of the normal! cuboidal type and shows no 
epidermoid metaplasia (series 10, Table 1). d, Section of a gland 
that was incubated in enhancing medium for 9 days, and then kept 
in regression medium for 15 days. A distal alveolar lobule that was 
partially metaplastic has involuted, leaving a residue of vacuolated 
secretory cells and a central plaque of keratin. All squamous cells 
have disappeared. 


The induction of the metaplasia was not blocked by retinoid. 
The presence of 2-retinylidene-5,5-dimethyl-1,3-cyclo- 
hexanedione (retinylidene dimedone) at 10°°, 107 or 10° M 
for 9 days failed to prevent the squamous metaplasia and keratin 
production brought about by enhancing medium (all 100%, not 
shown). This retinoid was chosen because it prevents, suppresses 
and apparently reverses the transformations of the cultured 
mammary glands caused by procarcinogens'*'’. The failure of 
the retinoid to prevent squamous metaplasia in the present study 
is in marked contrast to the preventions and reversals of 
squamous metaplasias arising from vitamin A deficiency** and 
chemical carcinogens’ in other systems. If these agents are 
effective in a common pathway, this difference suggests that the 
cyclic nucleotide, PGs and Pap act at stages after those of 
vitamin A deficiency and chemical carcinogens. Alternatively, 
separate pathways may be involved. 

The present findings provide the initial indication of the 
identities of the possible physiological inducers of epidermoid 
metaplasia. Cyclic adenine nucleotide, certain PGs and Pap 


specifically and reversibly induce this abnormal development 
and differentiation in the epithelial cells of cultured mammary 
glands, endowing them with characteristics of skin. The common 
denominator among the inducers may be that they act syner- 
gistically to elevate the level of intracellular cyclic adenine 
nucleotide in three ways: first, by the exogenous entry of dibu- 
tyryl cyclic AMP, second, by the stimulation of the synthesis of 
cyclic AMP due to the actions of the PGs on adenyl cyclase’’””, 
and third, through an inhibition by Pap of the phos- 
phodiesterase-mediated degradation of the nucleotide’. 

The normal course of lobuloalveolar development and 
differentiation (casein production) impeded the abnormal 
course of squamous metaplastic development and differen- 
tiation (keratin production). Prior induction of the normal 
course in whole mammary glands cultured in medium containing 
IPAH markedly reduces the subsequent induction of the 
metaplasia in enhancing medium (F.V.S., R.P.C. and S.S., 
unpublished). Conversely, agents that elevate the intracellular 
level of cyclic AMP have recently been reported to inhibit the 
production of a-lactalbumin and casein by mammary glands in 
fragment culture’. 

The possibility arises that cyclic AMP and PGE, and PGE, 
may be the mediators of the squamous metaplasias that occur in 
many abnormal, transformed and malignant tissues, including 
mammary glands, of animals and humans™™ "7>, Agents that 
elevate the level of intracellular cyclic AMP have been variously 
reported either to stimulate or to inhibit the growth of cells of 
mammary gland”, epidermis” and other organs*”*”. Further, 
several types of normal differentiation have previously been 
elicited by these same inducers in cell cultures of fibroblasts” °°, 
skeletal muscle**, melanoma™ and other systems'’*°*”. In 
addition, the production of keratohyaline granules is stimulated 
in cultures of human skin by theophylline, an inhibitor of the 
phosphodiesterase degradation of cyclic AMP™ and keratin 
filaments are present in the cytoskeletons of epithelial cells in 
many organs’. It accordingly seems reasonable to investigate 
whether cyclic adenine nucleotide and specific PGs are the 
physiological mediators of the normal and abnormal develop- 
ment and differentiation of epithelia into enhanced keratin- 
producing, stratified squamous cells, as in skin and other organs. 

We thank Dr W. Thomas London for critical discussions, Mrs 
Dovile Cooper for assistance, Mrs Ruth Bender for histological 
preparations, the Upjohn Company for a gift of PGs and Dr 
Michael B. Sporn for a gift of retinylidene dimedone, which was 
synthesized by Drs Nancy Acton and Arnold Brossi. This study 
was supported in part by NIH grants CA-21522, CA-05945, 
CA-06927 and RR-05539, and an appropriation from the 
Commonwealth of Pennsylvania. 


Received 14 March; accepted 26 June 1980. 


1. Anderson, W. A. D. & Kissane, J. M. in Pathology Vol. 1, 7th edn, 84-85 (Mosby, St. Louis, 
1977). 
2. McDowell, E. M., Becci, P. J., Schurch, W. & Trump, B. F. J. natn. Cancer Inst. 62, 
995-1008 (1979). 
3. Wolbach, S. B. & Howe, P. R. J. exp. Med. 42, 753-777 (1925). 
4. Marchok, A. C., Cone, M. V. & Nettesheim, P. Lad. Invest. 33, 451-460 (1975). 
5. Lasnitski, 1. Br. J. Cancer $, 345-352 (1951). 
6. Harris, C. C. ef al. J. natn. Cancer Inst, 48, 743-761 (1972). 
7. Tonelli, Q. J., Custer, R. P. & Sorof, S. Cancer Res. 39, 1784-1792 (1979) 
8. Sporn, M. B., Dunlop, N. M., Newton, D. L. & Smith, J. M. Fedn Proc. 35, 1332-1338 
(1976). 
9. Ichinose, R. R. & Nandi, S. J. Endocr. 38, 331-340 (1966). 
10. Wood, B. G.. Washburn, L. L.. Mukherjee, A. S. & Banerjee, M. R. J. Endocr. 65, 1-6 
(1975). 
11. Terry, P. M., Ball, E. M., Ganguly, R. & Banerjee, M. R. J. immun. Meth. 9, 123-134 
(1975). 
12. Tonelli, Q. J. & Sorof, S. Nature 285, 250-252 (1980) 
13. Banerjee, M. R.. Wood, B. G. & Washburn, L. L. J. natn. Cancer Inst. $3, 1387-1393 
(1974). 
14. Telang, N. T., Banerjee, M. R., Iyer, A. P. & Kundu, A. B. Proc. natn. Acad. Sci. U.S.A. 76, 
S886-5890 (1979). 
15. Dickens, M. S., Custer, R. P. & Sorof, S. Proc. natn. Acad. Sei. U.S.A. 76, 5891-5895 
(1979), 
16. Kundu, A. B., Telang, N. T. & Banerjee, M. R. J. natn. Cancer Inst. 61, 465-469 (1978) 
17. Dickens, M. S. & Sorof, S. Nature 285, 581-584 (1980) 
18. Prasad, K. N. & Kumar, S. in Control of Proliferation in Animal Cells (eds Clarkson, B. & 
Baserga, R.) $81 (Cold Spring Harbor Laboratory, New York, 1974). 
19. Samuelsson, B., Granström, E., Green, K.. Hamberg, M“%& Hammarström, S. A. Rev. 
Biochem. 44, 669-695 (1975) 
20. Samuelsson, B. et al. A. Rev. Biochem. 47, 997-1029 (1978) 
21. Perry, J. W, & Oka, T. Proc. nam. Acad. Sci. U.S.A. 17, 2093-2097 (1980) 


meal 


810 


22. Pasternack, J. G. & Wirth, J. E, Am, J. Path. 12, 423-437 (1936). 

23. Deringer, M. K. J. natn, Cancer Inst. 22, 995-1002 (1959). 

24. Huvos, A. G.. Lucas, J, C. & Foote, F. W. N. Y. St. J. Med. 73, 1078-1082 (1973). 

25. Medina, D. J. natn. Cancer Inst, §3, 213-221 (1974). 

26. Hassan, M. O. & Olaizola, M. Y. Archs Path. Lab. Med. 103, 624-630 (1979). 

27. Yaylor-Papadimitriou, J., Purkis, P. & Fentiman, 1.8. J. cell. Physiol. 102, 317-321 (1980). 

28. Green, H. Celi 14, 801-811 (1978), 

29. Friedman, D. L. Physiol. Rev. $6, 652-708 (1976). 

30. Johnson, G. S., Friedman, R. M. & Pastan, I. Proc. natn. Acad. Sci. U.S.A. 68, 425-429 
{1971}. 

31. Hsie, A. W. & Puck, T. T. Proc. nam. Acad. Sci. U.S.A. 68, 358-361 1971). 

32. Sheppard, J. R, Proc. natn. Acad. Sci. U.S.A. 68, 1316-1320 (1973). 

33. Aw, E. J., Hoit, P. G. & Simons, P. J. Exp? Cell Res. 83, 436-438 (1973). 

34. Johnson, G. S. & Pastan, L Nature new Biol, 337, 269-270 (1972). 

35. Chopra, D. Br. J. Derm. 96, 255-262 (1977). 

36, Sun, T-T., Shih, C. & Green, H. Proc. natn, Acad. Sci. U.S.A. 76, 2813-2817 (1979). 








Specific binding of *H-substance P 
to rat brain membranes 


M. R. Hanley*, B. E. B. Sandberg*, C. M. Lee*, L. L. 
Iversen”, D. E. Brundisht & R. Wadet 


* MRC Neurochemical Pharmacology Unit, Department of Phar- 
macology, University of Cambridge Medical School, Hills Road, 
Cambridge CB2 20D, UK 

t Ciba-Geigy Pharmaceuticals Division, Horsham, West Sussex RH12 
4AB, UK 





The undecapeptide substance P is a putative neurotransmitter in 
the mammalian central nervous system (CNS), and may be 
associated with pain fibres in the spinal cord’*. Radiolabelled 
derivatives of other neuropeptides havd been used to demon- 
strate specific interactions with receptor sites on brain 
membranes’, and this approach has now been explored with 
substance P. We have now prepared [4-°H-Phe’*]-substance P 
and we find that it binds reversibly to a saturable population of 
sites in rat brain particulate fractions. Scatchard analysis of 
concentration-dependent saturation of binding indicates a 
single population of non-interacting sites with a high affinity 
(K,= 0.38 nM) and a low density (B,,,,= 27.2 fmol per mg 
protein). Kinetic analyses indicate an apparent dissociation 
equilibrium constant of 0.46 nM. A variety of neurotransmitter 
amines and amino acids, and other peptides do not compete at 
the substance P sites, but structurally related peptides or shorter 
C-terminal fragments of substance P are active. The rank order 
of potency of these substance P-related peptides agrees with 
that reported for their effects in depolarizing spinal cord 
neurones”. The regional distribution of the specific binding sites 
for *H-substance P parallels that of substance P immunoreac- 
tivity, being high in the hypothalamus and low in the cerebellum 
and cerebral cortex. The characteristics of the *H-substance P 
binding sites are consistent with those expected for substance P 
receptors. 

*H-labelled substance P was prepared by reductive de- 
iodination of the protected peptide [Boc-Arg',Lys(Boc)’, 
Phe(I)*]-substance P with tritium as similarly described for 
corticotropin-(1-24)-tetracosapeptide*. The solid-phase 
synthesis of the precursor peptide and the tritiation and 
purification of the radiolabelled substance P will be reported in 
detail elsewhere. The specific activity of the final product was 
23 Cimmol™’, based on quantitative amino acid analysis and 
confirmed by radioimmunoassay. The purity was assessed by 
TLC in three different solvent systems, by isocratic and 
gradient-elution reverse-phase HPLC in three systems, and by 
measurements of the immunoreactivity of serially diluted 
samples against C-terminal sequence- and N-terminal 
sequence-directed’ antisera. By all techniques, the purity was 
90%, and the major contaminant was substance P sulphoxide, 
in which the C-terminal methionine residue was oxidized’”. 
Aliquots of *H-substance P were stored at a concentration of 
0.25 mM in 0.01 M HCI in glass vials under liquid nitrogen. For 
use, samples were diluted to 25 uM with 0.1 M HCI containing 
1 mg ml”! bovine serum albumin (BSA; recrystallized, Sigma). 
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In these conditions, the labelled peptide could be stored at 
-20°C for up to 10 days, with repeated freezing and thawing, 
and accumulated <5% of *H-substance P sulphoxide and 
negligible amounts of other labelled products. On the guinea pig 
ileum, *H-substance P had contractile activity equipotent with 
that of synthetic unlabelled substance P. 

*H-substance P was rapidly degraded when incubated at 37 °C 
with a crude synaptic membrane preparation from rat brain (see 
Fig. 1 legend for procedure). For this reason, all incubations 
included the peptidase inhibitors bacitracin (300 ug ml’, 
phenylmethylsulphonyl fluoride (0.1 mM), and p-chloro- 
mercuribenzoate (0.1 mM), and the incubations were perfor- 
med at 4 °C. °H-substance P was stable to enzymatic digestion in 
these conditions as determined by HPLC analyses of acid 
extracts of membrane-bound radioactivity after various inter- 
vals (5-60 min). Control experiments indicated that none of 
these additions interfered with *H-substance P binding. 

At low concentrations of *H-substance P(<1 nM), 50-60% of 
the total binding of the labelled peptide to brain membranes 
could be inhibited by the addition of 10uM unlabelled peptide. 
The specific component of binding, defined in this way, was 
saturable, whereas the nonspecific binding (in the presence of 
104.M substance P) was linearly dependent on ligand concen- 
tration (Fig. 1a). The specific and nonspecific components were 
both linearly dependent on the amount of tissue present in the 





‘H-Substance P bound (fmol mg protein” ‘) 


PH-SP} (nM) 


Fig. 1 a, Concentration dependence of specific {circles} and nonspecific 
(triangles) “H-substance P binding to rat brain membrane fractions. Whole 
brains minus cerebral cortex and cerebelium were dissected on ice from adult 
male Sprague-Dawley rats and homogenized in 10 vol ice-cold 10% 
sucrose/20 mM HEPES (pH 7.4) with a Teflon—glass homogenizer. The 
homogenate was centrifuged at 1,000g (5 min, 4°C) to remove cellular 
debris. The supernatant was centrifuged at 11,000g (20 min, 4°C) to prepare 
a crude mitochondrial pellet. The pellet was lysed by resuspension in 10 vol 
of ice-cold 5 mM HEPES (pH 8.1). The lysate was centrifuged at 100,000¢ 
(30 min, 4°C). The resulting pellet was resuspended with a Teflon—glass 
homogenizer in 5 vol of 20mM HEPES (pH 7.4) and stored frozen at 
~20 °C. For binding assays, 50 pl of the thawed membrane suspension were 
added to 430 pl of incubation medium (20 mM HEPES pH 7.4 containing 
0.5% recrystallized BSA, 300,gml"' bacitracin, 0.1mM_ phenyl- 
methylsulphonyl fluoride, 0.1 mM p-chloromercuribenzoate} in small plas- 
tic tubes kept on ice. The tubes were preincubated for 60 min before further 
additions. Drug, radiolabel and blank additions were made in 10-1 aliquots 
so that the final volume was 500 pl. Nonspecific binding was defined by 
adding substance P to a final concentration of 10 uM. In all cases, total and 
nonspecific binding determinations were made in triplicate. The °H- 
substance P was diluted from a 25 uM stock solution with incubation 
medium. Incubations were performed for 20min on ice, and were 
terminated by dilution with 2.5 ml of ice-cold 20mM HEPES/1% BSA 
(HEPES/BSA). Membrane-bound *H-substance P was measured by rapid 
filtration of the diluted samples through Millipore EGWP (0.2 um) filters 
pre-equilibrated with ice-cold HEPES/BSA for 3h. Filters were rinsed with 
3x 2.5 ml of ice-cold HEPES/BSA. Filtration and rinsing were completed in 
<1 min. Filters were clarified by the addition of 4 ml ethoxyethanol and 
counted by the addition of 10 ml toluene scintillant. The data points are the 
means of triplicates in a single experiment. These results have been repli- 
cated in four separate experiments by the same technique. In three addi- 
tional experiments using a centrifugation assay to measure binding, the 
specific binding data were reproduced, but nonspecific binding represented a 
greater proportion of the total (70-80%). b, Scatchard plot of the specific 
binding data in a, 
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incubation. A Scatchard analysis (Fig. 16) of the saturation 
curve for specific binding yielded a single straight line from 
which the density of the sites (Bmax) was 27.2 fmol per mg 
protein and the dissociation constant (Ka) was calculated as 
0.38 nM. Addition of a large molar excess of unlabelled 
substance P to membranes previously incubated with *H- 
substance P led to an exponential decay of specific binding (Fig. 
2b). These data, when analysed by a semi-log plot, gave a 
straight line with a slope of —0.15 min” ', corresponding to a half 
time of dissociation of 4.6 min, and a dissociation rate constant 
(kap Of 2.5107? M~ s~ (Fig. 2b). The time course for asso- 
ciation of 2 nM °H-substance P reached a plateau for nonspecific 
sites at 2 min (data not shown) and for specific sites at 10 min 
(Fig. 2a). Plotting these data according to a first-order reaction 
gave a straight line with a slope of 0.47. The association rate 
constant (kon) determined from the slope was 5.4 x 10° M`’ s~. 





Table 1 Inhibition of specific *H-substance P binding to rat brain membranes by 
related peptides 


Rat spinal 
cord 
Rat brain depolarization 
binding (ref. 7} 
E inhibition Relative {relative 
Peptide ICso(nM)* potency potency) 
Substance P (SP) 3 1.0 1.0 
SP.a: 10 0.3 0.6-0.9 
SP 3.41 36 0.68 0.4-1,0 
SP a4; g 64 0.05 0.8-1.0 
SPa: 6 0.5 2-12 
SPee? 1.8 7 5-12 
SPa 220 0.01 <0.02 
SP free acid 100 0.03 ND 
Eledoisin l1 0.3 ND 
Physalaemin 1.6 1.9 ND 


* Determined from Hill plots of inhibition of binding of 2 nM *H-substance P, 
Data were generated from the means of triplicates of at least three separate 
experiments. For experiments with C-terminal fragments of substance P, 1 mM 
puromycin was added to the incubation medium to protect against aminopeptidase 
degradation. All peptides were commercial products (Peninsula} and were 
checked for purity by HPLC. 

t Pyroglutamyl N-terminal form. Negative at 10 uM: angiotensin IT and HI, 
apamin, bombesin, bradykinin, a-bungarotoxin, carnosine, cholecystokinin-8 
(non-sulphated), cholecystokinin-33, leucine-enkephalin, methionine-enke- 
phalin, B-endorphin, 8-lipotropin, neurotensin, SQ-20881, thyrotropin-releasing 
hormone, vasoactive intestinal peptide, vasopressin. Negative at 100 uM: aspartic 
acid, baclofen, capsaicin, carbamylcholine, dopamine, y-aminobutyric acid, glu- 
tamic acid, glycine, histamine, serotonin, noradrenaline. 


Using the equation Kg = kog/k,,, an equilibrium dissociation 
constant of 0.46 nM was calculated, in good agreement with that 
determined from saturation data. 

The sites were inhibited by structurally related analogues and 
by C-terminal fragments of substance P but not by a range of 
other neurotransmitters or peptides (Table 1). The rank order of 
potencies for a series of C-terminal fragments of substance P 
was hexapeptide > substance P > heptapeptide > decapeptide > 
nonapeptide > octapeptide > pentapeptide. Physalaemin and 
eledoisin, naturally-occurring substance P-related peptides'', 
were also effective in competing for specific sites. Substance P 
free acid, in which the C-terminal methionine amide is replaced 
by a methionine, was about 30 times less active than substance P. 
Baclofen, a putative susbstance P antagonist’, had no effect on 
*H-substance P binding. The ICs for nonradioactive substance 
P (against 2 nM *H-substance P) was 3 nM, corresponding to an 
apparent Ka of 0.48 nM, in close agreement with both kinetic 
and equilibrium measurements of the dissociation constant. 

A preliminary survey of the regional distribution of *H- 
substance P binding in rat brain was performed, using a single 
radioligand concentration (2 nM). *H-substance P binding sites 
were unevenly distributed among rat brain regions (Table 2). 
The density of specific sites was highest in substance P-rich areas 
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Fig. 2 a, Time course of specific *H-substance P binding at 4 °C. 2 nM °H- 
substance P was incubated with rat brain membrane fractions, and total and 
nonspecific binding were determined at the indicated intervals to generate 
the specific binding. The points are the means of triplicates in three separate 
experiments. Insert: Linearization of the time ceurse curve for calculation of 
ko, as described elsewhere®. b, Dissociation time course of specific PH- 
substance P binding at 4°C, 2 nM *H-substance P was incubated on ice for 
20 min with rat membrane fractions. Substance P was then added to a final 
concentration of 10M at time zero. Samples of total and nonspecific 
binding were filtered at the indicated intervals afterwards. The results are the 
means of triplicates in three separate experiments. Insert: Linearization of 
the dissociation curve for calculation of kop as described elsewhere’. 


such as hypothalamus and midbrain. and lowest in cerebral 
cortex and cerebellum, which contain only small amounts of 
substance P'?. 

The structural specificity of the high affinity binding sites in rat 
brain resembles that determined by measurements of the 
biological activity of substance P and related peptides’. Most 
studies have focused on the actions of substance P on peripheral 
tissues, but Otsuka and Konishi’ examined the potencies of 
substance P and shorter fragments in depolarizing motor 
neurones after bath application to newborn rat spinal cord, and 
their results (summarized in Table 1) are in agreement with the 
present binding data. In particular, it is noteworthy that the 
hexapeptide fragment is more potent than the native peptide, 
both in its activity on spinal cord and in inhibiting “H-substance 
P binding, whereas the C-terminal pentapeptide fragment shows 
a marked reduction in activity. Piercey and Einspahr’* have also 
shown a marked reduction in activity of the C-terminal! 
pentapeptide electrophysiologicaily on dorsal horn neurones. 








Table 2 Regional distribution of specific *H-substance P binding to rat brain 
membrane fractions 


Leer Avante 
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Binding 
Region (fmol per mg protein) 
Brainstem EEN 
Cerebellum &+3 
Hypothalamus 3629 
Midbrain 2946 
Striatum WET 
Temporal cortex åt? 





Individual regions were dissected on ice and crude mitochondrial fraction 
membranes prepared as in Fig. 1. The specific binding of 2 nM °H-substance P was 
determined using membrane fractions stored frozen at ~26°C as described in 
Fig. 1 legend. The protein content was determimed by the Lowry technique. The 
results are means +s.e.m. for triplicate measurements of total and sonspecific 
binding in four separate experiments. In preliminary experiments substance 
P-displaceable binding was observed in the cerebellum. cerebral cortex and 
hippocampus that could also be inhibited by angiotensin H and SO-20881 (Q.1- 
10 aM), unlike the binding in other regions or intotal brain (minus cerebellum and 
cortex). The nature of this unselective peptide~bindifig site is not known, but the 
incubation medium was routinely supplemented with 10 uM angiotensin H to 
eliminate its contribution. 
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Although data for the substance P-related peptides physalaemin 
and eledoisin are not available for rat spinal cord, these 
substances are approximately equipotent with substance P ina 
number of other test systems'*’*, and they had a similar potency 
to substance P in the binding assay. Removal of the C-terminal 
amide in substance P free acid greatly reduces biological potency 
in a number of test systems'*’°, and was also found markedly to 
reduce potency in the binding assay. 

Although there have been other published reports of high- 
affinity binding of radioactively labelled substance P derivatives 
to brain membrane preparations'”’'*, we believe that the present 
results reflect most closely the known biological activity of 
substance P. Thus, Nakata ef al.” described the binding of 
*H-substance P to rabbit brain membrane preparations, but 
observed no antagonism by physalaemin. Furthermore, we have 
been unable to replicate their measurement technique as we 
observe large amounts of *H-substance P binding to the type of 
membrane filters used by these authors, even in the absence of 
tissue. From the present results, it seems unlikely that the 
specific binding of *H-substance P could have reached equili- 
brium during the 1 min incubation period at 0 °C used by these 
authors. Mayer et al.’* studied the binding of ['*°I-Tyr’]- 
substance P to a synaptic vesicle fraction from rat brain. 
Although the labelled peptide exhibited high affinity binding 
(Ka = 0.32 nM), and the regional distribution of binding sites in 
brain resembled that of endogenous substance P’’, the 
specificity of this binding bore little relation to biological 
activity, since C-terminal fragments of substance P inhibited 
binding only at micromolar concentrations, and physalaemin 
enhanced rather than inhibited binding of the labelled analogue. 
Putney et al.*° and Jensen and Gardner” have described the use 
of ‘**I-physalaemin to label substance P receptors in dispersed 
parotid acinar cells and dispersed pancreatic acinar cells respec- 
tively. In each case, the authors described specific high-affinity 
binding sites that were present in unusually low density. It is 
interesting that the density of *H-substance P sites in rat brain is 
lower than that seen for many conventional amine or amino acid 
neurotransmitter receptor sites”, but is similar to the values 
reported for other brain peptide-binding sites”. 

The characteristics and regional distribution of the high 
affinity binding sites for *H-substance P described here are in 
close correspondence with those expected for substance P 
receptors in the CNS. The radioligand binding assay offers an 
important new tool for investigating the occurrence and phar- 
macological properties of such substance P receptors. 
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B-Endorphin alters luteinizing 
hormone secretion via 
the amygdala but not the hypothalamus 
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Morphine and enkephalins are able to alter pituitary hormone 
secretion’. It has been postulated that they do not act directly 
at the pituitary“, but rather that the hypothalamus is the site at 
which inhibition or stimulation of pituitary hormone secretion is 
initiated*. On the other hand, endogenous opiates have been 
located in distinctly different neuronal regions, including areas 
outside the hypothalamus’. The effects of B-endorphin on 
plasma luteinizing hormone (LH) levels have not been explored, 
and the present experiments attempt to elucidate the contribu- 
tion and the possible site of action of B-endorphin in the control 
of LH secretion. The results show that B-endorphin inhibits 
pituitary LH secretion if applied into the amygdala but not when 
given into the hypothalamus. 

Stainless steel guide tubings (22 gauge) containing inner 
28-gauge tubing were implanted bilaterally in the basolateral 
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Fig.1 Decrease of plasma LH levels 100-180 min after microin- 
jection of 30 ng B-endorphin into the amygdala (AMY) or medio- 
basal hypothalamus (MBH) and amygdala of ovariectomized 
miniature pigs. ‘No micro’, control blood sampling without any 
treatment; ‘Sol.’, microinjection of 1 pl of 0.7% saline. Numbers in 
the bars represent the number of animals. For statistical analysis 
the period of sampling was divided into three blocks each of nine 
successive samples taken at 10-min intervals. The mean LH value 
for each animal within each block was calculated. A one-way 
analysis of variance was then carried out to detect differences 
among mean LH values of treatments and time blocks. ** P=<0.01; 
eek P< 0.001; Xts.e.m. 
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hypothalamus and amygdala of seven adult, ovariectomized 
miniature pigs. The tips of the tubing ended 3 mm above the 
desired depth. Two weeks later and 5 days before the beginning 
of the experiment, a silastic catheter was placed in the external 
jugular vein. During the recovery period, the animals were 
familiarized with the manipulations of the implant. The 
experiment was designed so that each animal served as its own 
control. A control period preceded the treatment on each 
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Fig.2 Point by point presentation of plasma LH levels before and 
after microinjection of 30 ng B-endorphin into the mediobasal 
hypothalamus (MBH), amygdala (AMY) or both tissues. ‘Solvent’ 
indicates microinjection of 1 pl 0.7% saline into the hypothalamus 
and amygdala at time 0; ‘No micro’ indicates control blood samp- 
ling without any microinjection; each point represents seven 
(AMY, control or solvent) or six (MBH, AMY + MBH) animals. 
For clarity the s.e.m. values are omitted. 
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experimental day. Saline (solvent), 1 pl, -endorphin {Serva 
cat, no. 52558), 30 ng, were microinjected on 4 different days at 
3-day intervals into either the basolateral hypothalamus or 
amygdala, or simultaneously into the two tissues. The sequence 
of treatment was randomly assigned for each animal. Microin- 
jections were given through a 28-gauge tubing connected to a 
Hamilton syringe as described®’. Blood samples (2 ml) were 
collected at 10-min intervals from 90 min before to 180 min 
after microinjection. On one day, blood samples were taken 
without any treatment. Thus, a double control system allowed us 
to consider the animals as a group and individually. Plasma LH 
was estimated by radioimmunoassay’. 

Histological verification at the end of the experiment 
indicated that in six out of seven animals the tips of the tubing 
were located in the basolateral hypothalamus, and in all seven 
animals the tips were within the amygdala. ‘Microinjection of 
B-endorphin into the basolateral — mypothalamus had no 
significant effect on LH secretion, but microinjection into the 
amygdala of the same animals decreased plasma LH levels 
significantly (P < 0.01; for statistical analysis see Fig. 1 legend). 
The onset of inhibition occurred within 60 min of microinjection 
(Fig. 2). The simultaneous microinjection of @-endorphin into 
the hypothalamus and amygdala resulted ina decrease in plasma 
LH levels similar to that seen with microinjection into the 
amygdala alone (Fig. 2). This would be expe cted if B-endorphin 
were priming the hypothalamus to incoming signals. 

The application of other substances,:such as steroids?” or 
catecholamines’, directly into the basolateral. hypothalamus 
causes dramatic changes in LH secretion he absence of 
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substances, induce changes that eventually result in altered 
LH-RH discharge and thus inhibition of pituitary LH secretion. 
Although we do not know how this is brought about, the 
amygdala has been identified as a preferred site of endogenous 
opiate accumulation*'°. However, the effect on plasma LH that 
we have observed is probably only one effect of amygdala~£- 
endorphin interplay. For example, it is known that the amygdala 
and B-endorphin’*"'’, as well as LH-RH™”, are involved in 
controlling a wide range of behavioura: patterns. 
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in temperature-sensitive paralytic 
mutants of Drosophila melanogaster 


Chun-Fang Wu*+t & Barry Ganetzky*§ 

* Division of Biology, California Institute of Technology, Pasadena, 
California 91125 

t Department of Zoology, University of lowa, Iowa City, Iowa 52242 


§ Laboratory of Genetics, University of Wisconsin, Madison, Wisconsin 
$3706 


Single mutations that disrupt basic physiological processes such 
as axonal conduction and synaptic transmission provide one 
means to study the membrane components and mechanisms that 
underlie these processes”. Temperature-sensitive paralytic 
mutants of Drosophila melanogaster which behave normally at 
a permissive temperature (23-25 °C) but become paralysed at a 
restrictive temperature (usually 29-37 °C) have been utilized in 
such studies. An example is nap” (no action potential, 
temperature-sensitive), a recessive second-chromosome muta- 
tion that causes paralysis of larvae and adults at 37°C. Elec- 
trophysiological recordings have demonstrated that nap” 
specifically affects a component of axonal membranes’. dere we 
show that axonal conduction in nap” larvae is abnormally 
sensitive to tetrodotoxin (TTX), a specific blocker of voltage- 
sensitive sodium channels’, and that the refractory period of 
action potentials differs from wild type, consistent with the idea 
that nap” alters the function of sodium channels. It is further 
shown that para” (paralysed, temperature-sensitive), a reces- 
sive X-linked mutation’, also specifically disrupts axonal 
conduction and that the two mutations affect functionally 
related membrane components. Identification of other mutants 
defective in associated components of nerve membranes is made 
feasible by using techniques described here. 

The TTX sensitivity of nerve conduction was measured in 
both mutant and normal (Canton-S) larvae. The postsynaptic 
excitatory junctional potentials (e.j.ps) were recorded intracel- 
lularly from medioventral longitudinal muscles in the larval 
neuromuscular preparation®’’®. In Drosophila’? and other 
dipteran'*'* larvae, these muscles are innervated by two multi- 
terminal axons with multiple branches and lack regenerative 
action potentials under physiological conditions'’. Blockage of 
axonal conduction causes the loss of the evoked e.j.p. For the 
nap” larva shown in Fig. 1a, 5nM TTX has diminished the e.j.p. 
appreciably and at 10 nM the e.j.p. is completely gone. Axonal 
conduction but not synaptic transmission is blocked because a 
graded postsynaptic potential with short latency distinct from 
the normal e.j.p. can be evoked by electrotonically depolarizing 
the nerve terminal with high intensity stimuli®'’’*. The wild- 
type e.j.p. is only slightly affected by 10 nM TTX, diminishing at 
20 nM TTX, and finally disappearing at 40 mM TTX, at which 
point a graded response can be evoked electrotonically (Fig. 15). 

In any given larva, we found little variation in the dose of TTX 
required to block the e.j.p. in different body segments. For the 
different nap” larvae tested, the effective concentration ranged 
from 5-15 nM (9.84+4.4nM; £+5S.D.; n = 11 larvae). For wild 
type the range was 20-65 nM (40.3+11.1nM; n =9 larvae). 
The difference in TTX sensitivity was confirmed by direct 
recording of nerve compound action potential. This result also 
indicates that nap” affects the TTX sensitivity of both the 
sensory and motor axons in the nerve bundle. 

The observed difference in TTX sensitivity is not a 
consequence of differences in genetic background other than the 
nap” mutation responsible for the paralytic phenotype. By using 
a translocation which inserts the nap” locus into the Y 
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chromosome’, the TTX sensitivity of X/Y; nap“/nap™ and 
X/Ynap*; nap"/nap” larvae were compared. These larvae are 
essentially identical in genetic background, but the former have 
the behavioural phenotype of nap” whereas the latter are nap”. 
The e.j.p. in these control larvae was blocked at a TTX concen- 
tration of 32.5+10.9nM in =4 larvae), comparable to the 
effective dose for Canton-S (40.3+11.1 nM). 

The altered TTX sensitivity is consistent with the idea that 
nap” alters the function or number of sodium channels’. Bio- 
chemical analysis of nerve membrane properties in Drosophila 
has begun’’'° and can provide independent evidence. Preli- 
minary results from competible, saturable binding of °?H-TTX to 
a crude particulate fraction prepared from adult heads indicate 
different binding properties between normal and nap” 
extracts’. 

A possible alteration in the density and/or kinetics of voltage- 
dependent ionic channels in nap” is also suggested by an 
abnormal refractory period of the compound action potential. 
The axonal refractory period is determined by the kinetics of 
activation of sodium and potassium channels and the inactiva- 
tion of sodium channels’®. For each axon in a nerve bundle there 
is a definite refractory period during which a second stimulus 
cannot elicit another propagated response. The second 
compound action potential gradually recovers as the interval 
between two stimuli increases, because an increasing number of 
axons are again able to generate a propagated response (Fig. 
2a). The second response recovers more rapidly in control than 
in nap” larvae even though the stimulus strength relative to the 
threshold is the same. We defined 7,,2 as the interval between 
stimuli needed to obtain a second response with amplitude 50% 
of the first. The r,,. decreases for both mutant and control larvae 
as the stimulus intensity increases (Fig. 2b). However, at almost 
every relative stimulus strength, the mutant requires a longer 
interval for recovery than does the control. The minimum 7,2 is 
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Fig. 1 Continuous recordings (23°C) from ventrolateral longi- 
tudinal muscles in the mutant nap“ and the normal (Canton-S) 
larvae showing e.j.ps at different TTX concentrations shown to the 
left of each trace. Segmental nerve bundles were severed close to 
the ventral ganglion and stimulated (0.2 ms duration) via a glass 
suction electrode. E.j.ps were recorded intracellularly using glass 
microelectrodes filled with 3M KCI (30-60 mQ). TTX was added 
to the bath solution to change concentrations in increments of 
5-10 nM. Solutions were mixed and enough time allowed for 
equilibration. Traces were made at different times after change of 
TTX concentration as marked on the right of each trace. a, nap” 
larva. At 5 nM TTX, the e.j.p. is almost entirely blocked within 
12 min. Synaptic transmission is not affected by TTX because 
graded potentials (bottom trace, superimposed recordings) can still 
be evoked electrotonically by strong stimuli (1.0 ms duration) even 
at 10 nM TTX when active conduction is blocked. b, Normal larva. 
The e.j.p. is lost only after 25 min in 40nM TTX. At this point 
graded responses could be evoked electrotonically. The bath solu- 
tion’? contains 0.8 mM Ca?” 





© 1980 Macmillan Journals Ltd 


Nature Vol. 286 21 August 1980 


Fig. 2 a, Compound action potentials of 
nap“ and control larvae at 23°C showing 
refractory period. The segmental nerve 
bundles were-cut close to the ganglion and 
stimulated at the cut end with a suction elec- 
trode. A second suction electrode drew up a 
loop of nerve near the distal end and recorded 
the response’. Responses to twin stimuli with 
increasing inte val between them are 
superimposed. In. nap” larva the second 
response attains complete recovery after an 
interval of 20-25 ms following the first sti- 
mulus. Stimulus intensity was 4 V; threshold 
was 1 V; stimulus duration was 0.2 ms. For 
control larvae the second response has re- 
covered within 10 ms following the first sti- 
mulus. Stimulus intensity was 5.2 V; 
threshold was 1.3 V: stimulus duration was 
0.2 ms. In these. superimposed traces triangles 
mark the first stimuli and dots mark the 
second stimuli. b, Refractory period of 
compound action potential for nap” (O) and 
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control (@) larvae at different stimulus intensities determined from experiments like those shown in Fig. 2a. The interval (7,,2) between stimuli 
necessary to produce a second response with an amplitude 50% of the first response was determined at different stimulus intensities relative to 
threshold. 7; ;2 decreases as the stimulus intensity increases. The minimum attainable ;,2 is more than twice as long in nap” larvae as in control 
larvae. Each point represents an average from the number of nerves indicated. Error bars represent standard deviation. 


about 4 ms in control larvae but is close to 10 ms in the mutant. 
This suggests that in nap” each axon contributing to the 
compound action potential has a longer than normal refractory 
period. Another less likely possibility is that nap” has a specific 
effect only on those axons with a short refractory period. 

These effects of nap” on nerve conduction at permissive 
temperatures are unlikely to be due to a defect in a passive 
electrical property of excitable membranes such as increase in 
leakage conductance. Computer simulations of active conduc- 
tion in a Hodgkin-Huxley model axon’® of the size found in 
Drosophila showed that the observed increase in refractory 
period and the conduction block at the restrictive temperature 
cannot be accounted for solely by an increase in leakage 
conductance (Joyner and Wu, unpublished data). 

If nap” does affect the sodium channel, it will be of interest to 
identify other mutations with similar properties. Of eight other 
temperature-sensitive paralytic mutants on the X and second 
chromosomes that we recently examined, only para“ shows 
behavioural and physiological phenotypes like those of nap“. 
Adult para” flies show rapid reversible paralysis at 29 °C (ref. 1). 
Simultaneous recording of the e.j.p. and nerve compound action 
potential indicates that the e.j.p. and compound action potential 
disappear at 37 °C but return when temperature is lowered (Fig. 
3). In normal larvae, the e.j.p. and the compound action poten- 
tial persist up to at least 40 °C (ref. 5). Synaptic transmission is 
not blocked in para” larvae because a graded e.j.p. could still be 
elicited electrotonically after failure of active conduction, 
Therefore, para”, like nap“, specifically blocks axonal conduc- 
tion at high temperature, as originally suggested by Siddigi’’. 

The nap” and para” gene products may share a related 
function because the double mutant is lethal even at tempera- 
tures permissive for each single mutant as shown in Table 1. A 
comparison of progeny classes 2 or 3 with 1 indicates that nap" 
or para” can cause a slight reduction in viability. However, the 
striking result is the complete failure to recover any double 
mutant progeny at all (class 4). The same is true for other para 
alleles in combination with nap” (Ganetzky and Wu, unpub- 
lished data). The lethality appears specific for the combination 
of para with nap, since other X-linked temperature-sensitive 
paralytic mutants show no such synergistic interaction with 
nap". 

In other examples of synthetic lethality in Drosophila, it has 
been possible to demonstrate at the biochemical level that the 
mutations involved have related functions'®. If nap“ is shown to 


disrupt the assembly or function of sodium channels, a similar 
defect for para might be indicated. However, the two mutants 
do not appear to act identically because at room temperature 
para", unlike nap", did not appear to differ significantly from 
wild type in TTX sensitivity or refractory period. One interes- 
ting possibility is that sodium channe’s are comprised of at least 
two different protein subunits—one altered by nap” and the 
other by para”. 

Whether or not this notion proves correct, it is certainly the 
case that the gene products specified by the nap and para loci 
play essential roles in membrane excitability. By utilizing 
genetic and physiological techniques, it should be possible to 
identify other genes in Drosophila that control primary events of 
excitability in the nervous system. Moreover, we wish to 
emphasize that analysis of double mutants, as in the case of nap“ 
and para", can reveal functional relationships between gene 
products in excitable membranes that would be difficult to detect 
in any other way. 
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Fig. 3 Continuous recording of compound action potential and 
evoked e.j.p. froma para” larva at various temperatures. The e.j. sa 
(bottom trace in each panel) was recorded intracellularly from the 
same ventrolateral longitudinal muscle fibre. The compound action 
potential (top traces) was recorded from the nerve bundle contain- 
ing the motor axons innervating the impaled muscle fibre. As the 
temperature is raised from 20° to 37°C, both the e.j.p. and the 
compound action potential disappear (left) "They reappear when 
the temperature is lowered back to 21°C (right). The calcium 
concentration in bath solution was 0.8 mM. 
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Table 1 Progeny resulting from cross of 
+ is is 
para nap , ara’ Cy 
a e a a aE 
Y nap para nap 
oe dg 
para” Cy para” nap“ para” Cy para” nap” 
para” nap” para” nap” Y nap” Y nap” 
2144 1270 1872 0 





Cy (Curly) is a dominant wing marker located on a multiply inverted 
chromosome that does not undergo genetic exchange with its nap” 
bearing homologue. The Cy chromosome carries a normal allele of 
nap’. Four classes of progeny are expected to emerge from the above 
cross with equal frequencies. The four classes are distinguishable by sex 
and wing phenotype. Because both nap” and para“ are recessive, only 
the last class of progeny among the four is mutant for both para” and 
nap. 
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In nerve cells, Ca** influx through voltage-dependent channels 
in the membrane causes a transient rise in the intracellular, free 
Ca** concentration’. Such changes have been shown to be 
important for the release of transmitter at the axon terminal“ 
and for the control of the movement of ions through channels in 
the soma membrane**. The transient behaviour of the rise in 
Ca’* concentration can, in part, be explained by the presence of 
sequestering systems in the cell which tend to limit the magni- 
tude and duration of changes in internal Ca** (refs 7-10). It is 
possible that systems involved in buffering changes in internal 
Ca** are not distributed uniformly throughout the cell. This is 
particularly likely in the cell body, where a significant portion of 
the cytoplasm is occupied by the nucleus, whose buffering 
capacity may differ from that of other cellular regions. We report 
here that in the soma ef a molluscan pacemaker neurone, the 
machinery responsible for short-term buffering of Ca?“ ions is 
localized near the inner surface of the plasma membrane. 
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The pacemaker neurone R-15 in the abdominal ganglion of 
Aplysia californica was used, and experiments were carried out 
in artificial seawater which contained (in mM) 500 NaCl, 10 
KCI, 10 CaCl, 50 MgCl, and 10 Tris at pH 7.7, and at a 
temperature of 16 °C. In some experiments, Na” was completely 
replaced by Tris. The procedures for iontophoretic injection of 
ions or pressure injection of purified arsenazo(It), voltage 
clamping the soma membrane and monitoring changes in 
intracellular Ca°~ with differential absorbance micro-spectro- 
photometry were similar to those described previously’ +? 

The experimental design is shown in Fig. la. Arsenazo(It) 
was injected and its intracellular concentration (about 200 uM) 
was determined using a small light-accepting probe (~150 um 
diameter) which was about half the cell diameter. Starting near 
the inner membrane surface, an electrode containing 0.2 M 
CaCl, was advanced through the cytoplasm in 20-um incre- 
ments in a neurone clamped at a holding potential of about —40 
mV, and absorbance changes associated with small test Ca** 
injections were measured at each increment. A fourth electrode 
containing 0.5 M EGTA was used to inject EGTA tonto- 
phoretically into the cell. The small light-accepting probe, used 
previously’ "t? for measuring absorbance changes produced by 
Ca** injection from a microelectrode, has the disadvantage that 
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Fig.1 Effects of Ca?” injections at various distances in the soma 
cytoplasm on the free, intracellular Ca** concentration measured 
with arsenazo(1il). a Shows the experimental arrangement. The 
nerve cell soma (cell body) was impaled with voltage (V), current 
(1), Ca?” injection (Ca) and EGTA injection (EGTA) electrodes 
and positioned between a pair of fibre optic probes. Large and 
small (hatched lines) light-accepting probes are shown. 6 Shows the 
differential absorbance changes at 660-690 nm during ca 
injections for 5 s (20 or 200 nA) at the indicated distances into the 
cytoplasm from the cell membrane before (left column) and after 
injection of EGTA for 5 min (200 nA) (middle and right columns). 
The arsenazo(1i) was 98.6% pure and its intracellular concen- 
tration was estimated to be about 200 uM. c Shows a plot of the 
normalized absorbance changes produced by Ca” injections (5 s, 
20 nA) at various distances into the cell from the membrane before 
(open circles) and after (closed square) EGTA injection. The open 
squares plot the absorbance changes produced by a 10-fold 
increase in Ca?" injection intensity (5 s, 200 nA) after EGTA 
injection. All data are from the same cell. 
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part of the cytoplasm and the plasma membrane are not directly 
in the light path. With all other factors equivalent, a test Ca” 
injection just outside the light path will produce a distorted 
absorbance signal, with slower rising kinetics and a reduced 
peak amplitude relative to those produced by an identical 
injection within the light path. To examine the Jocalization of the 
Ca?” buffer system, we replaced the small light-accepting probe 
(after injection of arsenazo(III)) with a probe of 400 pm 
diameter, which was larger than the average cell diameter (~300 
um), thus rendering all points inside the cell equivalent. This 
system was tested experimentally using a 300-pm diameter 
droplet of solution (containing 300 mM KCI and 0.2 mM 
arsenazo(IiI) and buffered to a pH of 7.3 with 100 mM MOPS) 
in place of the neurone and injecting Ca?” at different distances 
within the droplet. The changes in absorbance produced by Ca?” 
injections were identical at all points within the droplet even at 
short times (within a few seconds of the injection), when ele- 
mentary diffusion considerations dictate that the injected Ca** 
cannot have equilibrated throughout the droplet. This indicates 
that the sensitivity of the measurement system does not depend 
significantly on the position at which the injection is made. The 
use of a larger light probe, however, results in the transmission 
of a significant fraction of the incident light around the cell and 
hence severely limits our ability to quantify absorbance changes 
in terms of changes in internal Ca** concentration'*'*, although 
changes in the relative peak absorbance and in the kinetics of the 
absorbance can be determined. 

Dye absorbance changes associated with small test Ca?“ 
injections (20 nA, 5 s) at different points in the cytoplasm are 
shown in the first column in Fig. 1b and a full set of measure- 
ments from the same cell are plotted in Fig. 1c. The amplitude of 
the absorbance signal is taken as an index of the buffering 
capacity of a region of the cytoplasm near the electrode tip. As 
the Ca** microelectrode was advanced into the centre of the cell, 
the amplitude of the absorbance signal increased and its kinetics 
decreased, indicating a diminution of buffering strength relative 
to the cell boundary, but as the electrode tip was moved towards 
the opposite membrane, the signal amplitude and kinetics 
returned to control values. Similar results were found in three 
other cells. The results from all four cells suggest that there may 
be a cytoplasmic layer near the cell membrane (0-50 um) which 
has a different buffering capacity from that found in the centre of 
the cell. 

To control for the possibility that the apparent Ca** buffering 
localization at the cell boundary is caused by a peculiarity of the 
absorbance recording arrangement, the Ca?” chelating agent 
EGTA was injected iontophoretically into the cell for 5 min at 
100 nA. An injection of this duration and intensity is more than 
sufficient to abolish all absorbance changes in cell R-15 
produced by Ca’** influx into the cytoplasm from the external 
medium during 0.5 s voltage-clamp pulses to all positive 
membrane potentials. We reasoned that a high internal EGTA 
concentration, if uniformly distributed throughout the cyto- 
plasm, would render the whole cell equivalent with respect to 
buffering capacity, and that in these conditions Ca** injections 
at various distances through the soma would give absorbance 
changes of equal amplitude. The localization experiment was 
repeated after EGTA injection using a 10-fold greater injection 
current (200 nA, 5 s), because the previous injection level 
produced no measurable change in absorbance. The predicted 
result of equivalent intracellular buffering is shown in Fig. 15 
and c. We conclude, therefore, that in normal circumstances the 
capacity to buffer Ca°* is differentially distributed in the soma, 
being greatest in a cytoplasmic layer near the cell plasma 
membrane. 

In most cells, buffering of intracellular Ca” is thought to be 
controlled by both sequestration by internal organelles and 
extrusion by systems in the plasma membrane’ ”. In nerve cells, 
a membrane-bound Na-Ca exchange system has been suggested 
as playing a significant part in the maintenance of intracellular 
Ca** levels'* and could explain the observed buffering localiza- 
tion, as Ca** near the membrane, and hence near the Na-Ca 
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exchange sites, would be extruded more quickly than Ca?“ in the 
cell interior. To test for this possibility, we examined the effect of 
removal of extracellular Na” on the absorbance change asso- 
ciated with Ca** injection near the inner membrane surface. 
Removal of external Na* should stop the exchange process'"*, 
but it had no significant effect on the amplitude or time course of 
the absorbance change. This result agrees with previous findings 
from molluscan neurones'* and suggests that short-term Ca” 
buffering may not depend on the Na*-dependent transport of 
Ca?” out of the cell. However, the situation with Ca” influx 
through the plasma membrane may be entirely different and 
membrane extrusion systems may be very much more 
important. 

In nerve cells, changes in the total internal Ca** concentration 
are caused primarily by influx from the external medium, and 
evidence from squid axon suggests that the rise in free intracel- 
lular Ca** concentration is confined to the cell periphery'''*. The 
localization of the machinery responsible for Ca** removal near 
the inner membrane surface may provide a physical basis for this 
confinement. It is well known that the nuclear membrane is 
freely permeable to large molecules and that the cytoplasm is 
continuous between the nuclear and non-nuclear regions of the 
cell; the localization of the buffer at the cell periphery therefore 
suggests that the buffering apparatus may be attached to some 
structural element in the cytoplasm. The identity of the systems 
responsible for this localization is uncertain, but could include 
membrane sites and cytoplasmic proteins which bind Ca**, and 
those intracellular organelles (such as mitochondria, endo- 
plasmic reticulum) which sequester Ca°” near the membrane. 

This work was supported by USPHS grant NS11429. 
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Quabain stimulation 
of noradrenaline 
transport in guinea pig heart 
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Cardiac glycosides such as ouabain inhibit Na*-dependent high- 
affinity noradrenaline uptake in sympathetic nerve terminals by 
interacting with (Na* +K*)ATPase located in the neuronal 
membrane’. It has been suggested that the augmentation of 
noradrenaline concentration at the neuromuscular junctions 
following the inhibition of its uptake may contribute to the 
ouabain-induced cardiac arrhythmia seen with toxic doses of the 
drug**. Although it is generally accepted that the biochemical 
basis for the pharmacological response of cardiac glycosides 
must involve specific interaction of this class of drugs with the 
cardiac cell membrane Na*, K*-exchange pump, the precise 
molecular mechanism for the improvement of muscle per- 
formance by ouabain is controversial*’. Many investigators 
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claim that cardiac glycosides increase myocardial force of 
contraction by inhibiting (Na*+K*)ATPase®"*. According to 
this hypothesis, such an inhibition might increase the intracel- 
lular concentration of Na‘, which may augment the activity of 
the transmembrane Na*, Ca’*-exchange pump described by 
several workers™™™*, We have found that ouabain stimulates 
Na*-dependent transport of noradrenaline by guinea pig heart 
sympathetic nerve terminals. 

There is increasing evidence that low doses of cardiac gly- 
cosides increase the contractility of the myocardium and stimu- 
late the active transmembranous transport of monovalent 
cations'*~’*, Such a conclusion has been vigorously challenged 
by Michael and co-workers’*””. It is possible that the stimula- 
tion of cation transport by cardiac glycosides may be observed in 
intact cells as opposed to broken cell membrane preparations. 
Thus, Michael and his co-workers”, who used an isolated 
purified enzyme system, were unable to observe any stimulation 
of (Na°+K*)ATPase activity by ouabain. We decided to 
investigate this possibility by examining the effects of different 
concentrations of ouabain on Na‘*-dependent noradrenaline 
transport in sympathetic nerve terminals of cardiac muscle. If 
the noradrenaline uptake system is tightly coupled to (Na* + 
K*)ATPase’™, and low doses of ouabain can stimulate cation 
transport’*"'*, then these low concentrations of this cardiac 
glycoside must increase velocity of Na” -dependent noradrenal- 
ine uptake into the cardiac sympathetic nerve terminals. 

The Na*-dependent [*H]noradrenaline uptake in guinea 
pig heart slices was measured as described previously*”. The 
effect of several concentrations of ouabain on Na’ -dependent 
(*"H]noradrenaline uptake is shown in Table 1. Although 1 x 
10°'°M ouabain produced a small stimulation of the Nat- 
dependent [*H]noradrenaline uptake, 1x10°°M and 5x 
10°'°M increased the initial velocity of [*H]noradrenaline 
transport into the cardiac sympathetic nerve terminals by about 
28% and 63%, respectively. When the concentration of ouabain 
was raised to 5 x 10° M, a significant inhibition of uptake was 


Table 1 Effect of different concentrations of ouabain on high-affinity 
noradrenaline uptake in guinea pig heart slices 
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Specific 
Concentration PH |noradrenaline 
of ouabain (pM) uptake (pmol g` hv '}* 

Q 83,8 +2 
1 77.1lżi 
50 79.146 
100 96.647 

500 136.7434 

1000 107.8267 

S000 37.2447 


Male guinea pigs were killed by a blow on the head. Ventricle of the heart was 
removed immediately and placed in modified Krebs solution (4 °C) and cleared of 
extraneous tissues as described previously. Modified Krebs solution had the 
following composition (mM): NaCi, 118; KCl, 4.7; CaCl, 2.5; MgCl, 0.54; 
NaHCoO,, 25; NaH,PO,, 1; and glucose, 11. EDTA (20 ug ml”'), ascorbic acid 
(200 wg ml™') and nialamide (1.25 x 10°° M), were added to retard the spon- 
taneous oxidation of noradrenaline. Ventricle slices were prepared with a Stadie- 
Riggs tissue microtome. The slices were weighed and immersed in 10 mi beakers 
containing 3.8 ml of Krebs solution. All data were obtained from triplicate slices 
and each experiment was repeated at least once more. Varying concentrations of 
ouabain (0.1 ml volume) and 26 nM [7H ]noradrenaline were added and the slices 
were shaken in a Dubnoff metabolic incubator at 37 °C in an atmasphere of 95% 
O, and 5% CO, for 10 min. Preliminary experiments indicated that the rate of 
PH noradrenaline uptake remained linear for at least 10 min when the weight of 
the slices was between 20 and 40 mg. Nonspecific accumulation of radioactivity or 
blanks was routinely determined in triplicate by parallel incubation at 4°C for 
10 min. After incubation, slices were rinsed three times with ice-cold Krebs 
solution, blotted on filter paper, and placed in 1 mi of ice-cold 0.4 N perchloric 
acid. Tissues were extracted in the acid for 21 h at 4°C and this was followed by 
centrifugation at 3,000g for 10 min in a Sorvall centrifuge (Model GLC-2). An 
aliquot (0.5 ml) of each sample was transferred to a vial containing 9.5 m} of 
Scintiverse (Fisher) and counted in a Packard Tri-Carb liquid scintillation spec- 
trometer (Model 3380) at 30% efficiency as determined with internal standards. 
Tissue /medium ratios for PH noradrenaline uptake were calculated as (c.p.m. per 
g wet weight tissue)/(c.p.m. per ml of medium). Results shown are averages of four 
experiments and each experiment was run in triplicate. 

* Mean +5.e.m. i 

t P<0.01 compared with control. 
t P<0.001 compared with control. 
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Fig. 1 Reciprocal plots of initial velocity of high-affinity noradrenaline 

uptake in guinea pig heart slices either in the presence (@) or absence (©) of 

0.5 nM ouabain. Each point represents the mean of four determinations. 

Slopes and intercepts of the lines were determined by the method of least 
squares. 


observed. Several experiments with different concentrations of 
ouabain (between 2 x 107 M and 8 x 107'°M) indicated that 
maximal stimulation of Na*-dependent [*Hinoradrenaline 
uptake is seen at 5 x 107'° M ouabain. 

This increase of [*H]noradrenaline uptake in sympathetic 
nerve terminals by ouabain may be due to an enhancement of 
the maximal velocity or apparent affinity of the uptake system 
for noradrenaline. The biochemical mechanism for the aug- 
mentation of [*H]noradrenaline uptake in guinea pig slices by 
ouabain was evaluated by kinetic analysis. Results shown in Fig. 
1 indicate that the maximal velocity ( Vmax) for [ H ]noradrenal- 
ine uptake into the nerve endings of guinea pig heart slices is 
444 pmol per g tissue per h, with the apparent affinity constant 
(Km) for noradrenaline being 5.6x 107° M. The presence of 
5x107'°M ouabain increased the maximal velocity for 
[*H]noradrenaline uptake to 667 pmol per g tissue per h without 
altering the Km for the neurotransmitter (Fig. 1). These results 
indicate that ouabain may stimulate [*H]noradrenaline uptake 
in cardiac sympathetic nerve terminals by increasing the Vmax 
without affecting Km. 

There are several implications arising from this observation of 
stimulation of Na*-dependent noradrenaline transport in 
guinea pig heart sympathetic nerve terminals by ouabain. First, 
there is some controversy on the involvement of (Na™ + 
K*)ATPase in the transport for noradrenaline”. Recent evi- 
dence from several laboratories indicates an intimate relation- 
ship between these two transport systems’. For example, 
ouabain has been found to show identical species sensitivity for 
the inhibition of (Na +K*)ATPase and noradrenaline uptake 
in heart and spleen slices'~*. Again, in regenerating sympathetic 
nerve terminals, ouabain binding sites appear before 
noradrenaline uptake systems can be detected’. As the low 
concentration of ouabain that is known to stimulate the Na’, 
K*-exchange pump’*”** activates noradrenaline uptake (Table 
1), these two transport systems must be coupled. Second, there ts 
some dispute regarding the mechanism by which ouabain alters 
the level of noradrenaline at the neuromuscular junction. It has 
been suggested that ouabain may stimulate release of 
noradrenaline from sympathetic nerve terminals without 
affecting the uptake mechanism****. As ouabain cannot sti- 
mulate noradrenaline uptake by augmenting the release of 
accumulated noradrenaline, there has to be some direct effect of 
ouabain on high-affinity noradrenaline uptake mechanisms. 

In conclusion, this report describes for the first time a stimu- 
lation of Na*-dependent noradrenaline uptake in myocardial 
sympathetic nerve terminals by ouabain. Since ouabain selec- 
tively interacts with cell surface (Na* + K*)ATPase, the results 
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of this report provide further insight into the relationship 
between the monovalent cation transport pump and the 
noradrenaline uptake system. 

This work was supported in part by grant HL-18185 from 


NIH. 


Received 17 January; accepted 18 June 1980 


_ Sharma, V. K. & Banerjec, S. P. Fedn Proc. 35, 405A (1976). 
_ Sharma, V. K. & Banerjee, S. P. Eur. J. Pharmac. 41, 417-429 (1977) 
. Stickney, J. L. Res. Commun. chem. Path. Pharmac. 14, 227-235 (1976). 
Sharma, V. K. & Banerjee, S. P. Molec, Pharmac 13, 796-804 (1977). 
Sharma, V. K. & Banerjee, S. P. Molec. Pharmac. 15, 35-42 (1979). 
_ Schwartz, A., Lindenmayer, G. & Allen, J. C. Pharmac. Rev. 27, 3-134 (1975). 
_ Godfraind, T. Biochem. Pharmac. 24, 823-827 (1975), 
_ Besch, H. R., Jr., Allen, J. C., Glick, G. & Schwartz, A. J Pharmac. exp. Ther. 171, 1-12 
(1970). 

. Akera, T., Larsen, F. S. & Brody, T. M. J. Pharmac. exp. Ther. 173, 145-151 (1970). 
_ Langer, G. A. Circulation 46, 180-187 (1972). 
. Baker, P. F. Prog. biophys. mol. Biol. 24, 177-223 (1972), 
. Langer, G. A. A. Rev, Physiol. 35, 55-86 (1973). 
. Reuter, H. Circulation Res. 34, 599-605 (1974) 
_ Brading, A. F. Phil. Trans. R. Soc. B 265, 35-46 (1973) 
_ Ghysel-Burton, J. & Godfraind, T. Br. J. Pharmac. 66, 175~184 (1979). 
_ Cohen, 1., Daut, J. & Noble, D. J. Physiol., Lond. 260, 55-74 (1976). 

Blood, B. E. J. Physiol., Lond. 251, 69P (1975) 
. Blood, B. E. & Noble, D. J. Physiol., Lond. 266, 76A (1977). 
. Michael, L., Pitts, B. J. R. & Schwartz, A. Science 200, 1287-1289 (1978) 
20. Michael, L. H., Schwartz, A. & Wallick, E. T. Molec. Pharmac. 16, 135-146 (1979). 
. White, T. D. & Keen, P. Molec. Pharmac. 7, 40-45 (1971) 
. Garcia, A. G. & Kirpekar, S. M. Br. J. Pharmac. 47, 729-747 (1973). 

Paton, D. M. Br. J. Pharmac. 49, 614-627 (1973). 


— — m l i l U M et l- 
Oemr~aruewne ow 


N NN 
we 


————— 





Removal of sialic acid from cardiac 
sarcolemma does not affect 
contractile function in electrically 
stimulated guinea pig left atria 


S. E. Harding & J. Halliday 


Department of Pharmacology, King’s College, London WC2R 2LS, UK 





Calcium is essential for the maintenance of contraction in the 
heart, and it has been suggested that the glycoprotein matrix on 
the external surface of cardiac cells is a critical factor in the 
supply of ‘activator’ calcium to the beating heart’. Sialic acid 
residues are important calcium-binding sites in the matrix and 
treatment with neuraminidase, an enzyme which cleaves sialic 
acid from oligosaccharide chains, has been reported to abolish 
spontaneous contraction in cultured heart cells, without causing 
general breakdown in the plasma membrane*”. However, we 
report here that in intact, electrically stimulated guinea pig atrial 
preparations, neuraminidase treatment produces no significant 
changes in resting tension or force of contraction. It is also 
without effect on the response to calcium removal and replace- 
ment, and inotropic or toxic concentrations of cardiac gly- 
cosides. In these experiments, up to 79% of the total tissue sialic 
acid was removed, and electron microscopy studies showed that 
this removal was accompanied by marked reduction of 
lanthanum binding to the sarcolemma. We therefore conclude 
that the calcium-binding sialic acid residues in the external 
matrix of the cardiac cells are of little importance in the 
maintenance of contractile function in these intact atrial 
preparations. 

In preliminary determinations of the total sialic acid content 
of guinea pig heart, by incubation of the tissue in 0.05 M H,SO. 
at 80°C for 1h (a modification of the method of Bers*), the 
content in nmol sialic acid per mg wet weight was 1.64+ 0.12 for 
atria (n=6) and 1.49+0.14 (s.e.m.) for ventricles (n =4). 
Although these values are not significantly different, the time 
course of sialic acid release by neuraminidase was found to be 
much slower in ventricles than in atria. By method (1) (see Table 
1 legend), neuraminidase treatment freed 79% of total sialic 
acid from the atria within 5 h, whereas the corresponding release 
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Fig. 1 Electron micrographs of neuraminidase-treated (a) and control (>) 
guinea pig left atria. Fixation and lanthanum staining were as described in 
the text, Note the heavy deposits of lanthanum on the external matrix of 
control cells, and their absence in neuraminidase-treated atria. * 30,000, 


from ventricles was only 24%. We therefore decided to use atria 
in all further experiments. 

For the experiments in which the force of contraction was 
monitored, two methods were used for the incubation of the 
tissue with neuraminidase (see Table 1 legend). The first, in 
which the atrial strip was detached from the electrodes and 
incubated in a concentrated enzyme solution, had the advantage 
that all the neuraminidase-sensitive sialic acid, 1.30 + 0.06 nmol 
per mg wet weight (n = 5), was removed in the 5-h period (the 
mean percentage difference between the amount released at 5 h 
and that at 6 h was 2.4 + 1.5%, and was not significant). This lack 
of further release was not due to deterioration of the enzyme, 
because the 5-h incubation medium was as effective as fresh 
neuraminidase solution in releasing sialic acid from N-acety!- 
neuramin-lactose (from bovine colostrum, Sigma). The second 
method, in which the enzyme was added to the Krebs solution in 
the organ bath, enabled the force of contraction and resting 
tension to be monitored throughout the incubation. However, 
the sialic acid content of the bath could not be measured directly 
with this method because the volume of dilution was too great; 
parallel incubations in small volumes, but with the same ratio of 
enzyme to Krebs, were required to estimate the release. The 
amount released by this procedure was 1.07 +0.04 nmol sialic 
acid per mg wet weight (n = 5). This represents 65% of the total 
(82% of the neuraminidase-sensitive) sialic acid content, which 
is less than that achieved with method (1), but still higher than 
the 61% removal shown to cause disruption of the external 
matrix of cultured heart cells’. 

Electron microscopy studies were done to confirm visually 
that neuraminidase treatment was removing sialic acid residues 
from the external matrix. Tissues were exposed to concentrated 
neuraminidase (1 unit ml‘) for 5 h, then transferred to HEPES 
buffer, composition (mM) 133 NaCl, 3.6 KCI, 1.0 CaCl, 0.3 
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MgCl, 16.0 glucose, 3.0 HEPES (pH 7.1), containing 5 mM 
LaCl, for 2 h. The temperature was maintained at 37 °C and the 
solutions were continuously bubbled with 100% O,. Control 
tissues were exposed to the acetate buffer alone (see Table 1 
legend) during the first 5 h. The tissues were fixed as described in 
ref, 3. 

Preliminary results showed that in neuraminidase-treated 
tissues, lanthanum binding is greatly reduced in all areas (Fig. 
1a). Control tissues, however, demonstrate the normal pattern 
of lanthanum binding described by other workers’; that is, large 
accumulations of lanthanum at the external matrix of the 
sarcolemma (Fig. 15). This finding supports the biochemical 
data suggesting that neuraminidase treatment of whole atria is 
effective in removing at least part of the glycocalyx. 

As may be seen in Table 1, the force of contraction of the 
control atrial preparations declines over the time course of these 
experiments. This is a well reported phenomenon, termed ‘age- 
ing’, which Carrier et al. have suggested? is due to a decrease in 
calcium binding at the external surface of the sarcolemma; 
however, sialic acid removal neither enhanced nor attenuated 
this fall in force, casting some doubt on this hypothesis. In 
addition, sialic acid removal did not alter the resting tension, 
indicating that the capacity of the heart to relax was unchanged, 
and implying that the systems involved in the maintenance of 
low intracellular calcium between beats had not been affected. 

We were particularly interested in the effect of neuraminidase 
treatment on the response to ouabain, as several reports have 
suggested that positive inotropic concentrations of cardiac gly- 
cosides increase external calcium binding. Ouabain, for exam- 
ple, increased both the density of the negative charges on the 
cardiac membrane® and the amount of La®*-displaceable cal- 
cium bound to this surface’. We found, however, that 
neuraminidase treatment had no effect on either the positive 
inotropic response to 0.2 uM ouabain or the maximum rise in 
force evoked by a higher concentration. The toxicity of ouabain 
was assessed by the time to onset of arrhythmias after adminis- 
tration of a toxic concentration, and the rise in resting tension 
30 min after this administration. Neither parameter was altered 
by sialic acid removal (see Table 1). 

In the experiments with cultured heart cells, it was reported 
that neuraminidase treatment increased the amount of *°Ca 
taken up’, and the speed of uptake and washout”. This obser- 
vation suggested that the external matrix might in some way 
regulate calcium entry to or exit from the cell. We therefore 
examined the effect of neuraminidase on the rate of fall in force 
of atrial preparations after removal of calcium from the bathing 
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Table 2 Effects of neuraminidase treatment on rates of decrease or recovery of 
force with calcium removal or replacement, respectively 
Half-time (s) for decrease in Half-time {s} for increase in 
force of contraction following force of contraction following 
Ca** removal Ca** replacement 


Before After Before After 
5 hincubation $ h incubation 5 h incubation S h incubation 
Control 22.9427 16.4+1.1 45.54+3.1 57.5 6.9 
{n =6) 
Neuraminidase- 21.3+2.2 18.2+1.1 §7.4+4,9 58.3+5.8 


treated {n = 6) 





Method (2) (see Table 1 legend) was used for neuraminidase treatment of the 
atrial strip. For calcium removal, the organ bath was drained, then washed through 
with prewarmed, pre-oxygenated, calcium-free Krebs (calcium not osmotically 
replaced), Half-time for the decrease in force of contraction was taken as the time 
for the force to decrease to 50% of that immediately before draining the bath. 
After 2 min, calcium was re-introduced by injection of 100 mM CaCl, solution to 
give a bath concentration of 2.5 mM. Half-time for recovery was the time to reach 
3(max-min) force, where max = maximum force of contraction attained within 
10 min of calcium replacement, and min = force immediately before replacement. 
This procedure was repeated three times before and three times after neuramini- 
dase treatment. All values are mean +s.e.m. 


medium, and the subsequent rise on calcium replacement. The 
method, and the procedure for calculating half-times, are given 
in Table 2 legend. No differences in rates of decline and recovery 
of force of contraction between control and neuraminidase- 
treated preparations could be detected; a slight decrease was 
seen in the time taken for the force to fall, but the control also 
showed this change. It was possible to resolve the fall in force 
after calcium removal into two exponential decay processes”, 
and therefore, in case there had been opposing changes in the 
two processes that were not apparent in the overall half-times, 
each curve was analysed, and the intercept on the ordinate and 
the half-life calculated for both the fast and slow decays. Once 
again, there was no significant difference between control and 
neuraminidase-treated preparations, indicating that there had 
been no change in the rate of loss of calcium from, or return 
of calcium to, those pools associated with maintenance of 
contraction. 

In our experiments, therefore, removal of a large proportion 
of sialic acid from the membrane had no detectable effect on the 
function of the intact myocardium. These results are difficult to 
reconcile with those obtained in cultured cells, where spon- 
taneous beating ceased and calcium exchangeability rose after 
neuraminidase treatment’. A possible explanation for this 
difference is that the culturing of the cells, which includes trypsin 


Table 1 Effect of neuraminidase treatment on resting tension and force of contraction and response to ouabain in guinea pig atria 


Increase in force 
of contraction 


en tet Hepat peeremeen ae e reaa e era fe 


Response to ouabain 


Increase in 
resting 


Time to onset 
of arrhythmias 


Force of contraction Decrease in resting with Maximum increase after addition tension with 
after incubation tension during 0.2 uM ouabain in force with of 1 uM ouabain t pM ouabain 
(% }* incubation (% }* (% jt ouabain (% jt {min} wr 

Method (1) {n = 4) 

Control 13.5+7.1 — 173+10.3 218+ 37.0 _ — 

Neuraminidase-treated 18.5+5.3 = 163+22.1 292 19.8 = == 
Method (2) in = 8) 

Control 41.9443 28.5%14.2 1577,2 2048.9 11.8 44.2 7543.4 

Neuraminidase-treated 46.8+7.7 43,04 14.2 153+5.5 211411.6 18.8+4.5 10.2+6.1 





Left atria were halved and mounted in contact with platinum electrodes in a 10-ml organ bath containing Krebs (119 mM NaCl, 4.7 mM KCI, 0.94 mM MgSO,.7 H,O, 
1.2 mM KH,PO,, 25 mM NaHCO,, 11 mM glucose, 2.5 mM CaCl,) bubbled with 95% O,/5% CO, and stimulated at 3 Hz, 500 ys, supramaximal voltage. In method (1) 
the tissue was then unhooked from the electrode and placed in 1 ml acetate buffer (50 mM Na acetate, 154 mM NaCl, 9 mM CaCl, 5 mM KOH and 100 mM Tris-HCl, pH 
7,4) containing 1 unit mi”! neuraminidase (Behringwerke: 1 unit will split off 1 pmol N-acetylneuraminic acid from human a@,-acid glycoprotein in 1 min at 37 °C and pH 
5.5), and bubbled with 100% O,. Aliquots (0.2 ml) of the incubation medium were assayed for free sialic acid by the Warren method’®. After 5h, when all the 
neuraminidase-sensitive sialic acid had been split off, the preparation was removed, resuspended in the organ bath and stimulation restarted. After a period of equilibration, 
ouabain was added to the bath to a concentration of 0.2 pM and the positive inotropic effect allowed to develop for 30 min. In method (2) neuraminidase was added directly 
to the organ bath to give a concentration of 0.1 units mi’, and the tissue kept beating throughout the incubation. Parallel experiments using smaller volumes were done to 
estimate release of sialic acid by this method. After 5 h the neuraminidase was removed by washing the tissue six times with Krebs solution; ouabain was then addedtoa bath 
concentration of 0.2 pM as before, After 30 min the concentration was raised to 1 yM and the force of contraction and resting tension were monitored for a further 30 min. 
The time to onset of arrhythgnias and increase in resting tension were taken as indices of ouabain toxicity. Control tissues were treated similarly to test ones, except that 
neuraminidase was omitted from the acetate buffer. All values given are the mean +s.¢e.m. No neuraminidase-treated values differ significantly from control (P< 0.05). 

* Expressed as a percentage of that immediately before incubation with neuraminidase. 

+ Expressed as a percentage of that immediately before addition of ouabain. 
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digestion, may have in some way increased the susceptibility of 
the matrix to disruption by sialic acid removal. Alternatively, it 
is just possible that similar changes in calcium permeability did 
occur in our preparations, but that the reserve capacity of the 
calcium-sequestering systems of the cell was sufficient to 
compensate for the extra influx. 

The cessation of beating in the neuraminidase-treated, 
cultured cells might not be due to failure of contraction 
mechanisms as, such, but to a disturbance of pacemaker 
mechanisms; this could explain why our preparations, which 
were electrically stimulated, continued to beat after a similar 
treatment. However, preliminary experiments with spon- 
taneously beating right atria have shown that contractile activity 
is maintained throughout 5h incubation in concentrated 
neuraminidase (1 unit ml”') at 37 °C. It therefore seems unlikely 
that sialic acid removal results in a disruption of pacemaker 
mechanisms. j 

We have thus shown that treatment of guinea pig atria with 
neuraminidase can remove up to 79% of tissue sialic acid and 
strip lanthanum-binding sites from the external sarcolemma. 
This disruption of the external glycocalyx, however, has no 
detectable effect on the force of contraction of electrically 
stimulated atria or the response of these atria to ouabain or 
calcium-free media. It seems, therefore, that the contribution of 
the sialic acid residues in the external glycoprotein matrix to 
contractile function in the guinea pig atrium is negligible. 

We wish to thank Mr G. Morgan and Miss K. Bugg for the 
electron microscope studies, and Drs I. K. M. Morton and J. 
Littleton for their helpful discussion. S.H. is an MRC student. 
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The first step of insulin’s many cellular functions is specific 
binding to receptors on the plasma membrane of target cells. 
The subsequent molecular basis of insulin action, particularly 
the coupling mechanism(s) involved in transmitting the bio- 
logical message, remains largely unknown’. Our approach to the 
problem centres on the application of a series of well charac- 
terized photo-insulins carrying an aryl-azido or nitro~aryl- 
azido group in positions A1, B1, B2 or B29 (refs 2-4). Specific 
binding to membrane components could be demonstrated with 
B1-, B29- (ref. 5) and A1l-photo-insulins® as well as a B2- 
derivative’. We now report that lipogenesis is increased to, and 
maintained at, near-maximal levels for several hours after 
photoinduced covalent binding of B2- (2- ~nitro,4-azidophenyl- 
acetyl)-des-Phe™'-insulin (Napa-DP-insulin’) to living adipo- 
cytes. 
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Fig. 1 Effect of covalent binding of photclabelled insulin on 
lipogenesis in adipocytes. Experiments were carried out with 
irradiation (@) and without irradiation (0) with the indicated 
preincubations. Per cent values (height of columns) are the ratios of 
basal lipogenesis (c.p.m. without added insulin) to maximal 
response (c.p.m. at 10 ng insulin per ml} and represent averages 
from three independent experiments. Adipocytes were prepared” 
from epididymal fat tissue of four Spregue~Dawley rats (130~ 
160 g) and resuspended in 90 mi of Krebs-Ringer- HEPES buffer, 
pH 7.4, containing 1% bovine serum albumin'*. Three lots of 
25 ml (2-4 x 10° cells per ml) were transferred to thermostatted 
(37°C) Millipore ultrafiltration chambers (47? mm internal 
diameter} equipped with boiled Millipore-MP-fiters (Rum pore 
size) and Teflon-coated stirrer bars. All subsequent operations up 
to the irradiation period were carried out in light of long 
wavelength (A500 nm). No addition was made to the first chamber 
(blank). Insulin (monocomponent pork, Novo; 14 pmol mi ) was 
added to the second chamber and Napa-DP-insulin (14 pmol ml 

to the third. The suspensions were equilibrated under “ipa 
~100 r.p.m.) stirring for 5 min. Each chamber was then irradiated 
from above for 1 min with a Philips H?K 125 W/L UV lamp 
equipped with a black glass filter (UVW-55, Hanau Wertheim). 
The lamp was 8cm from the surface ef the stirred adipocyte 
suspension. After irradiation, the Millipore chambers were sealed. 
Warm (37°C) Krebs—Ringer-HEPES buffer (300 mi) was run 
through i ina constant volume washing procedure at a flow rate of 
10 ml mint. After washing, i-mi aliquow& (quadruplicates) of the 
suspensions were used in a lipogenesis assay according to ref. 8. 
The incubation time was 2 h. Control experiments were carried out 

as above, but without irradiation. 





A fat cell assay” was used to determine the biological effects of 
Napa-DP-insulin. Adipocytes were first incubated with Napa- 
DP-insulin (80 ng ml~') to obtain a receptor occupancy of more 
than 90% (ref. 9). The photoreactive group was activated by 
short exposure to UV light of wavelergths 300-400 nm. Cells 
were then washed for 30 min by a mild constant-volume pro- 
cedure which diluted the insulin concentration by 1:3 x 10°. The 
wash period was sufficient to allow for dissociation of the nop- 
covalently bound insulins from the receptor. These adipocytes 
were then used in a standard lipogenes:s assay to determine the 
effect of prebound and added insulin. In control experiments, 
adipocytes were incubated in the dark cr aider UV light with or 
without unmodified insulin. 

It was important to find conditions o? activation which would 
not damage the adipocytes. Appropriate experiments in which 
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Fig. 2 Insulin-stimulated incorporation of tritium from D-(2~ 

`H] glucose into toluene-extractable lipids of isolated rat fat cells 

after the following pretreatment: curve 1 (-- +>: ), irradiation only; 

curve 2 (~---- }, preincubation with insulin (14 pmol ml |) + 

irradiation; curve 3 ( ), preincubation with Napa-DP-insulin 
(14 pmol ml ') + irradiation. 





adipocytes were irradiated for various periods showed that there 
was no appreciable loss in lipogenic viability after 1 min of 
irradiation. This represents twice the half life of the photo-label 
in the same conditions, an activation of about 75% (ref. 4). 

Adipocytes preincubated with high concentrations of insulin 
and subsequently washed gave basal values which were only 
slightly higher than normal (Fig. 1), and to a somewhat greater 
extent in the case of Napa-DP-insulin. Adipocytes responded 
normally to increasing concentrations of insulin in the 
subsequent lipogenesis assay (data not shown). The higher basal 
values may be related to the memory effect described by Glie- 
mann’. 

Irradiation of adipocytes which had been preincubated with 
insulin caused basal lipogenesis to increase from 11 to 23% (Fig. 
1). However, the concentration dependence and maximal sti- 
mulation in the lipogenesis assay were similar to those of cells 
preincubated without insulin (see curves 1 and 2 in Fig. 2). A 
considerable increase in basal lipogenesis was observed after 
irradiation of adipocytes preincubated with photoreactive 
insulin (Fig. 1 and Fig. 2, curve 3). This amounted to 75% of the 
maximal stimulation in two experiments and to 90% in a third. 
The difference between the experiments was probably due to 
small uncontrollable variations in the conditions of irradiation. 

The addition of progressively higher concentrations of insulin 
to the medium resulted in a further incorporation of tritium into 
lipids until maximal response was reached. In all three experi- 
ments, the maximal stimulation of lipogenesis in adipocytes 
preincubated with or without insulin or Napa-DP-insulin was 
identical within experimental error. Maintenance of normal 
insulin sensitivity in the latter case indicates that the adipocytes 
were still fully viable and that the effects were not due to specific 
damage through photo-sensitization. 

Our study demonstrates that photoreactive insulin can be 
activated without interfering with the viability of isolated 
adipocytes. Furthermore, covalent binding indeed generates a 
biological response. This response lasts for a considerable 
period. The photo-insulin-treated cells are handled for a period 
of 0.75 h (washing and pipetting) before the 2-h incubation with 
*H-glucose, so that the covalent hormone-receptor complex 
must be functional over at least 2.75 h. However, it is not 
inconceivable that the complexes are functional as long as they 
are intact. 

Specific covalent Binding of insulins with photoreactive 
groups at the N-terminus of the B-chain to cell membrane 
preparations has been demonstrated”. Therefore, we deduce 
oa ast atin E gat ie Bi as mm 
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that the effect we observed was due to specific linkage to the 
adipocyte receptor. It is interesting that the N-terminus of the 
B-chain has previously not been included in the putative recep- 
tor-binding region of the hormone’’. The irreversible complex 
that is formed is obviously able to elicit the subsequent events of 
glucose transport and metabolism. Experiments are under way 
to determine whether a given population of covalently bound 
hormone—receptor complexes has the same ability to stimulate 
lipogenesis and glucose transport as the same population of 
noncovalently linked hormone-receptor complexes. 

This work was supported by Sonderforschungsbereich 113 
Diabetesforschung Düsseldorf. 
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porcupine (Hystrix cristata), 
an Old World hystricomorph 


R. Horuk*, T. L. Blundell*, N. R. Lazarus‘, 
R. W. J. Neville, D. Stonet & A. Wollmer§ 





* Laboratory of Molecular Biology, Department of Crystallography, 
t Biochemical Research Department, The Wellcome Foundation Ltd, 
t Biochemical Research Department, The Wellcome Foundation Ltd., 
Temple Hill, Dartford, Kent DAI 5AH, UK 

+ Protein Chemistry R&D, Wellcome Research Laboratories, Langley 
Court, Beckenham, Kent, UK 

§ Fachgebiet Struktur und Funktion der Proteine, Abteilung 
Physiologische Chemie, Rheinisch-Westfalische Technische 
Hochschule, D-5100 Aachen, FRG 





The insulins of New World hystricomorph rodents exhibit many 
novel amino acid changes in primary structure when compared 
with other mammalian insulins. These changes give rise to 
unusual properties (low potency, failure to self-associate*~*) not 
shared by other naturally-occurring insulins. We report here on 
the primary structure, zinc-binding properties and circular 
dichroism (CD) of porcupine insulin (Hystrix cristata ), the first 
Old World hystricomorph insulin to be investigated, and discuss 
the changes in primary structure of the hormone in relation to its 
properties. Residue B, is strongly implicated as being respon- 
sible for the unusual properties of porcupine insulin. 

Porcupine insulin differs at seven residues from bovine insulin 
(Fig. 1) and is unable to bind zinc (Fig. 2). Such behaviour has 
been noted only in hagfish’, guinea pig* and casiragua’ insulins. 
These latter insulins lack the zinc-coordinating Bio His together 
with several other residues on the dimer—dimer interface of 
bovine insulin which have been implicated in zinc binding and 
hexamer formation®. As these residues are conserved in porcu- 
pine insulin, an alternative explanation is required to account for 
its failure to bind zinc. 

The CD spectrum of porcupine insulin shows concentration 
independence in both the near and far UV (Fig. 3). The intensity 
of the tyrosyl CD band of bovine insulin at 275 nm has been 
shown to be dependent on concentration and has been largely 
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A Chain 
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Porcupine Asp The Gly Gin 
B Chain 
Bovine Phe Val Asn Gln His Leu Cys Gly Ser His Leu val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe phe Tyr Thr Pro Lye Ala 
Porcupine 


Fig. 1. Comparison of the primary structures of bovine and porcupine. 


assigned to perturbation of the tyrosines at Bz, and B:s, which 
become buried as the hormone dimerizes (W. Strassbiirger, J. 
Fleischauer and A.W., unpublished results). Because these 
residues are conserved in porcupine insulin, one would expect a 
concentration dependence at 275 nm if dimerization occurred. 
Therefore, the lack of concentration dependence is further 
proof of the inability of porcupine insulin to dimerize. As 
porcupine insulin is monomeric, its CD spectrum is compared 
with that of monomeric bovine insulin (that is, at concentrations 
below 10°°M). The CD spectra of the two insulins can be seen to 
be more similar at 275 nm (Fig. 4). However, the positive band 
at 196 nm in bovine insulin is blue-shifted to 193 nm in porcu- 
pine insulin and is reduced in ellipticity. The negative extremum 
found at 208 nm in bovine insulin also shows reduced ellipticity 
in porcupine insulin. The ellipticity of the bands at 196 and 
208 nm are dependent on backbone conformation rather than 
on side-chain chromophores and have been largely assigned to 
a-helix. These data suggest that at pH 8.4 the tertiary structures 
of porcupine and bovine insulins are different. On acidification 
to pH 2, the CD spectrum of porcupine insulin more closely 
resembles that of bovine insulin measured at neutral pH; at 
275 nm the two spectra are almost indistinguishable, although 
differences at 196 nm are still apparent (Fig. 4). The acidification 
of porcupine insulin seeks to alter its tertiary structure towards a 
more ‘boviné-like’ insulin conformation. 

We explain these observations as follows. In bovine and most 
other insulins the conformation of the hormone may be stabil- 
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Fig. 2 The formation of Í Zn-insulin complexes by bovine (a) 
and porcupine (b) insulins and their separation from free Zn ions 
ona Sephadex G-25 column (1.5 x 30 cm) at pH 7.4 ina Veronal 
buffer*, 3 ml fraction volumes collected. - - - , Insulin; —— , Zn. 
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Fig. 3 Circular dichroism spectrum of porcupine insulin as a 

uneton of concentration. ——, 4x10°°M porcupine insulin; 

,4x 10°°M porcupine insulin i in 0.025 M Tris buffer, pH 8.4, 

zine ice. Bovine insulin has a concentration-dependent CD spec- 
trum at both 222 nm and 275 nm (ref. 5), 


cleavage of the A2,; Asn (ref. 9) and substitution of the Ba, Arg 
(ref. 10) result in a modification of the tertiary structure of the 
hormone and affect its ability to aggregate? The substitution 
Baz Arg by Asp in porcupine insulin (Fig. 1) will bring two 
negative charges into close proximity unless there is a change of 
conformation, which may also result in a loss of zinc binding and 
self-association. At low pH, protonation of either Ba Asp or the 
A>, a-carboxylate may remove charge-charge repulsion and 
allow a close approach of the B,.—A., residues, resulting in the 
change of tertiary structure of porcupine insulin towards the 
conformation of the bovine molecule. A similar mechanism has 
been suggested for the effect of acidification of guinea pig 
insulin’? 

The affi nity of binding of porcupine insulin to rat liver plasma 
membrane insulin receptors and its ability to stimulate the 
conversion of [3-*H]glucose into lipid by isolated rat fat cells 
were determined. The most notable property of porcupine 
insulin revealed by these assays, apart from the decrease in 
biological potency of the hormone, was the discrepancy between 
the receptor binding affinity, 25%, and thé biological activity, 
4%, of the hormone (both relative to bovine insulin). Similar 
discrepancies have been found in hagfish insulin” and in several 
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Fig.4 Circular dichroism spectrum of porcupine insulin at pH 2.0 
and 8.4 and of bovine insulin at pH 7.8.-—--, Porcupine insulin 


4x 10°°M, pH 8.4; ----, porcupine insulin 4x 10~°M, pH 2.0; 
—, bovine insulin 4x 107°M, pH 7.8. All are in 0.025M Tris 
buffer at the pH indicated, zinc free. 


insulin analogues’*. We are unable to detect a common factor 
between these insulins and cannot explain the discrepancy. The 
decrease in potency of porcupine insulin is probably due to the 
substitution of the Ba Arg, because this is the only residue not 
conserved in the putative receptor binding site proposed by 
Pullen et ai.'*. A similar substitution, Bn Arg to Asp, arises in 
guinea pig insulin and has been cited by Zimmerman et al,’* as 
being responsible for the low potency of this insulin. A recently 
synthesized analogue of bovine insulin substituted only at Bx 
Arg to Asp has been reported to have a reduced potency 
(K. Yueh-ting, personal communication). 

Other substitutions in the sequence of porcupine insulin 
which might also contribute to its decrease in binding affinity are 
at A, Glu to Asp, Ba, Glu to Asn, and By Thr to Arg, all of 
which lie on the periphery of the receptor binding region of the 
hormone™. Note also that hagfish insulin, which also has a 
substitution at Ba, Glu (Glu to Val), has a greatly reduced 
potency’*. This insulin has conserved all the residues involved in 
receptor binding and has a nearly identical conformation to that 
of bovine insulin’®. Thus, it is likely that the substitution at B31 
makes an important contribution to the decrease in potency of 
porcupine insulin. 

Examination of the primary structure of four New World 
hystricomorph insulins reveals no one amino acid substitution 
that is characteristic of this suborder’. All the insulins share the 
property of low potency (blood glucose lowering, or [3-*H]glu- 
cose conversion into lipid) when compared with bovine or 
porcine insulin. Scrutiny of the porcupine insulin sequence also 
fails to show any characteristic amino acid substitutions. Low 
potency persists. We speculate that hystricomorph rodents, both 
New and Old World”, have low-potency insulins because of a 
common evolutionary pressure. This pressure has resulted in a 
reduction of the role of insulin as a modifier of glucose metab- 
olism, as well as a change in the insulin receptor . We speculate 
that another function of insulin has been consequently 
upgraded. One such function could be its mitogenic activity. 

We thank ProfessSr S. Gombe for organizing the collection of 
porcupine pancreas, and Drs A. J. B. Haigh and D. G. Rae 
(Wellcome Kenya Ltd) for maintaining contact and successfully 
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Structural information about the ribosomes has beea sought in 
many ways”. It is known that the 50S subunit of Excherichia 
coli ribosomes contains four copies of the ribosomal protein 
L7/L12 (refs 3-7) in a unique region®’. A complex can be 
isolated consisting of those four copies bound to amother 
ribosomal protein, L10 (refs 10-13). L7/L12 aggregates into 
elongated dimers in solution’*’*. Ribosomes deprived of 
L7/L12 have a reduced affinity for supernatant factors such as 
EF-Tu and EF-G and almost no capacity for factor-dependent 
GTP hydrolysis'**. The sequence of the 120 amino acid resi- 
dues in L7/L12 from E. coli has been determined”, and two 
domains of L7/L12 (residues 1-36 and 53-120, respectively) 
have been crystallixed separately”. We now report the frst 
crystal structure of a ribosomal component, a C-terminal frag- 
ment (CIF) of the protein L7/L12 from E. coli, determined to 
2.6 A resolution. The CTF has a compact, plum-shaped tertiary 
structure with a high content of secondary structure. The three 
a-helices and three #-strands in CTF account for 32% a-helix 
and 14% f-structure in the intact L7/L12 protein. A binding 
site for anions shows some resemblance to the known nucleotide 
binding site in many proteins. 

Ribosomes, subunits, the protein L.7/L12 and its fragments 
were obtained as described earlier’’*°, The crystallization of 
CTF started with a solution containing 0.2 M citrate pH3, 
10mM MgSO., 0.8 M (NHLhSO;, and 2-10 mg m!”’ protein. 
Crystals were obtained in hanging drops at 20°C by vapour 
diffusion against 4M (NH,)};SO,. These bipyramidal crystals 
grew to a maximum length of about 0.4 mm over a period of 1-2 
months. Before use the crystals were washed in 4 M (NH,)},SO,. 
Native data were collected on a crystal in 4M (NH4),SO, at 
pH 4.2. Two heavy atom derivatives were used: 2mM p- 
chloromercuribenzene sulphonic acid (PCMBS) at pH 5.2 and 
1 mM KAu(CN); at pH 4.2. They were soaked for 3 days. These 
crystals belong to the space group P4;2,2 with cell dimensions 
a = b = 54.7 À and c = 42.5 A and contain one molecule of CTF 
(molecular weight = 6,900) per asymmetric unit. X-ray intensi- 
ties were collected dt +4°C on a Philipe-Stoe computer- 
controlled 4-circle diffractometer”. The 2,218 independent 
reflections in the 2.6-A resolution sphere were collected on one 
native crystal. For the heavy atom derivatives, Friedel pairs were 
measured at +26 in blocks of 100 reflections. Data were cor- 
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rected for Lorentz-polarization effects and for radiation damage 
and a semi-empirical absorption correction was applied”. 

The heavy atom positions were determined from three- 
dimensional difference Patterson functions, calculated with 
coefficients including the anomalous scattering”. The Patterson 
map of the PCMBS derivative was interpretable in terms of a 
single PCMBS site with the Hg atom as well as the S atom on the 
crystallographic 2-fold axis. The major site of the gold derivative 
was obvious from the Patterson map, whereas minor sites were 
derived from cross-phased difference Fourier maps. With phase 
angles in the two enantiomorphic space groups derived from the 
PCMBS derivative alone, two difference Fouriers of the gold 
cyanide derivatives were calculated. The clear difference in peak 
height showed the space group to be P4,2,2. The final state of 
the least squares refinement is shown in Table 1. Using the phase 
angles obtained, a ‘best’ native Fourier** was calculated. 

The electron density map shows a clear distinction between 
solvent and protein. The protein part was interpreted as a single 
continuous polypeptide chain. A unique alignment could be 
made of the amino acid sequence (residues 53-120) with regard 
to the chain tracing. Rough coordinates were measured from the 
map as a guideline for the model building on a Vector General 
3404 graphical display unit. The program package FRODO by 
Jones** was used. 

The C-terminal fragment of L7/L12 is a plum-shaped mole- 
cule of approximate dimensions 20 x 20 x 35 A. It is composed 
of three a-helices and three 8-strands, all lying roughly along the 
long axis of the molecule (Fig. 1). The three helices form one 
layer and the antiparallel 8-strands form a second layer with the 





Fig. 2 The structure of the L7/L12 C-terminal 
domain shown as a ribbon. The approximate location 
of each residue is indicated. This view of the molecule 
is opposite to the one in Fig. 1. The residues pointing 
into the hydrophobic core are in circles. This side of 
the molecule has five basic residues specially indicated 
here, without counter ions from the protein. A very 
significant electron density, best interpreted as a 
bound sulphate ion, is observed near Gly 62. This 
binding has some similarities to the nucleotide binding 
family of proteins. 
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Fig. 1 Idealized representations of the L7/L12 C-terminal! 

domain. a, Helices are represented by cylinders and -strands as 

arrows pointing in the direction from N- to C-terminus. 4, The 

structure seen from one edge. A, B-strand pointing into the paper: 

V, B-strand pointing out of the paper: 0, a-helix. This simple 

two-layer structure is composed of three Belix-strand couples in the 
sequence (Bal slaP)plaBe. 


usual twist”. We have found no other protein containing this 
simple arrangement of secondary structure elements. 

L7/L12 has a high proportion of charged residues. Neverthe- 
less, all the residues between the two layers of secondary 
structure are hydrocarbon side chains (Fig. 2). These residues 
are never exchanged for polar residues in any of the three known 
sequences (Fig. 3). 

A surprisingly large surface area om the 8-sheet side of the 
CTF molecule is composed of only aydrophobic side chains 
(Ile 57, Ala61, Leu78, Ala90, Pro9l and Ala 93). This 
hydrophobic surface may ultimately be found to be a surface for 
contact of CTF with other regions of the L7/L12 polypeptide or 
for other proteins”. The hydrophobic surface of CTF is lined by 
acidic residues, Asp 55, Glu 82, Asp 85, Glu 96 and Glu 118 
and the C-terminal carboxyl group. 

CTF obviously has a compact domain structure. This agrees 
well with the following observations: the spontaneous 
cleavage?” seems to have occurred where the polypeptide enters 
into the domain; limited proteolysis experiments also yield a 
very similar fragment”; a comparison of the L7/L12 sequences 
from three species shows that the region just before residue $3 is 
hydrophilic, highly variable and has frequent deletions’. 

CTF has about 38 residues (56% ) in a-helices and 17 residues 
(25%) in B-strands, 32% and 14%, respectively, of the 120 
residues in L7/L12. A high helical content for L7/L12 has been 
observed by many investigators from circular dichroism (CD) 
spectra’’**'. Two groups have observed 10-20% @-struc- 
ture™™ by analysis of the entire far-UV region of the CD 
spectrum. With so much @-structure in CTF, there would be 
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little, if any, B-structure in the N-terminal part of the L7/L12 
protein. 

Several predictions of the secondary and tertiary structure of 
L7/L12 have been made****, all inconsistent with the CTF 
structure in Fig. 2. For example, Ptitsyn et al.” predicted the 
three a-helices but missed the three 6-strands. All other 
attempts overestimated the a-helical content. Even when the 
occurrence of 8-structure was considered (ref. 35 and Argos and 
A.L., unpublished work), a correct assignment of the B-strand 
was impossible. 

An unusual feature of L7/L12 is its resistance to complete 
denaturation, for which one domain of the protein seems to be 
responsible*”*'. As this contains the B-structure it must be the 
C-terminal domain. Two reasons for this stability must be the 
high amount of residues in secondary structure and the 
extremely hydrophovic interior. A domain with this stability 
would be unlikely to adopt different conformations in ribo- 
somes, solution or crystals. Several observations suggest that the 
C-terminal domains of the four L7/L12 molecules are located at 
the tip of one of the protruberances on the 50S particle®”’. 

A globular electron density, best explained as a sulphate, is 
located near the turn between the 8,-strand and the a,-helix. 
This site is analogous to that found in a large family of enzymes 
that bind nucleotides or other anions at the junction between the 
C-terminal side of a B-strand and the N-terminal of a helix*®. 
The sulphate ion is bound close to residues Ala 61, Gly 62 and 
Lys 65, all three being conserved in the three known sequences 
(Fig. 3). 

The protein L7/L12 must be present for optimal function of 
the ribosome’®*’. One of the functions of the protein is to 


g Conserved 
aa 
Homologous 


in the hydrophobic core 








Fig. 3 The C-terminal amino acid sequence” arranged into the 
various secondary structure elements. Amino acids in helices are in 
a wavy arrangement without connecting lines, and residues in 
@-strands are connected with horizontal lines. Invariant and 
homologous residues between the three complete sequences 
known’ are enclosed in shaded or light boxes. The shaded circles 
indicate residues being part of the hydrophobic core. The two 
empty circles before residue 90 indicate that the sequence from 
Bacillus subtilis has two more residues in this region. The one- 
letter code for amino acids is used*”. 
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Table 1 Heavy atom parameters and some refinement statistics 





Derivative Site* x y z M B Ry (Fy)/(E) 


PCMBS Hg 0.113 0.113 ND 40. 13.1 009 2.6 
S 0.026 0.026 ND 94 72 


CK1) 0.097 0.132 0.104 13.6 7.1 
Ci(2) 0.148 0.122 0.265 13.3 8.3 
Ci(3) 0.136 0.084 0.205 9.0 -2.7 


KAu(CN), Au(1) 0.423 0.257 0.415 44.7 15.8 0.12 1.6 
Au(2) 0.413 0.259 0.495 24.4 25.9 
Au(3) 0.285 -0.012 0.168 19.8 45.5 
Au(4) 0.170 0.433 0.248 11.4 52.1 


Au(5) 0.073 0.418 0.518 6.7 11.9 





Mean figure of merit = 0.72. B = isotropic temperature factor (A’); 
Ry = 2)Fepo~ Feuel/=!Feuol; (Fu)/(E)=the average heavy atom 
structure factor/the average lack-of-closure error; M = occupancy in 
electrons on an approximate absolute scale; ND, parameter not refined. 

* Indicated atom used for form factor calculation. 


mediate the EF-Tu- and EF-G-dependent GTP hydrolysis'*. 
The complete C-terminal domain seems to be required for this 
function***’. Several pieces of evidence” make it tempting to 
believe that the EF-Tu molecule is bound to the ribosome with 
phosphates of the GTP molecule at the anion binding site of the 
L7/L12 C-terminal domain. 
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Robert Oppenheimer, 1926 or 1927 “the 
young researcher whose professors had doubts 
about his scientific future 3 
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Oppenheimer in later years, after his success as 
director of Los Alamos and the ordeal of the 
“Oppenheimer Trials” 











Oppenheimer 


Rudolf Peierls 





Robert Oppenheimer: Letters and 
Recollections. Edited by Alice Kimball 
Smith and Charles Weiner. Pp.250. 
(Harvard University Press: 1980.) $20, £12. 


ROBERT Oppenheimer was one of the most 
famous scientists of his time, not so much 
for his contributions to theoretical physics, 
although these were substantial enough, 
but as mentor of a large number of 
successful theoreticians, and above all for 
his direction of the Los Alamos 
Laboratory at which the atom bomb was 
developed and produced during the Second 
World War. 

The impressions he made on superficial 
acquaintance were very different at 
different times and on different occasions, 
and sometimes appeared hard to reconcile. 
The shy and introverted young boy and 
student became the successful director of a 
vast enterprise, successful very largely by 
his skill in dealing with people. The young 
researcher, whose professors had doubts 
about his scientific future because he had 
difficulty in expressing himself in writing, 
became famous for always finding the mot 
juste to sum up a situation. His lightning 
speed of understanding, which often 
produced the answer or a comment before 
his questioner had completed half his 
explanation, would on occasions make him 
miss the point of an important new idea, 
and he could meet presentations of such 
ideas by young colleagues with withering 
criticism. The ivory-tower scholar who did 
not know or care much about public affairs 
found his social conscience in the late 1930s 
by taking an interest in liberal and left-wing 
groups (an interest which formed part of 
the accusations in the security hearings 
against him), and later became a national 
figure in the debates about international 
relations and defence policy. 

The present volume traces the develop- 
ment of this complex personality. The 
editors, Alice Kimball Smith and Charles 
Weiner are singularly well qualified for 
their task. Mrs. Smith was at Los Alamos 
from the start until the end of the War, and 
therefore well acquainted with the 
atmosphere of the place and with many of 
its members. She later made a study of the 
part played by scientists in the post-war 
period in influencing legislation towards 


civilian control of atomic energy. Dr 
Weiner is a physicist concerned with recent 
scientific history, who has recorded 
interviews with many distinguished 
physicists. 

In describing themselves as editors ol 
Oppenheimer’s letters and recollections, 
they do not really do justice to their work. 
The letters are supplemented, where there 
are gaps, not only by passages of 
Oppenheimer’s recollections taken from 
later interviews, but also by comments 
from friends, colleagues and pupils, 
painstakingly collected and sensitively 
evaluated. In many places the editors’ 
comments, based on this material, are 
more informative than the letters. They not 
only identify many of the people and events 
referred to in the letters, but 
summarize events and developments not 
mentioned in the letters or which took 
place in periods from which no letters have 
survived. The book is therefore really 
intermediate between edited correspon- 
dence and a serious biography 

The young Oppenheimer was not the 
type to keep copies of his letters, and not 
many of the recipients preserved them. The 
fact that there remain enough letters from 
the pre-War period to provide a clear 
picture of Oppenheimer's attitudes and 
development during that time is largely due 
to the few friends who kept the letters and 
made them available. One of these is 
Herbert W. Smith, his English teacher in 
the Ethical Culture School; letters to him 
are most numerous of any of the corres- 
pondents. In the earlier part Oppenheimer 
sends him essays and verse; his evident 
desire for approval makes Smith a kind of 
father figure. 

Almost as numerous are the letters to 
Oppenheimer’s brother, Frank, in which 
the elder brother gives much advice and 
exhortation, and shows great warmth and 
affection, though sounding a little 
patronizing at times. Amongst othe 
sizeable collections of letters are those to 
Francis Ferguson, whom he first met in his 
final year at the Ethical Culture School and 
with whom a close and sometimes 
tempestuous friendship developed. Of a 
later period, the physicist George 
Uhlenbeck, who was a close friend, pre- 
served many interestifig letters 

The first three chapters are based on 
these letters and a few others, 


also 
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supplemented by other information 
collected by the editors. From his home 
background we follow Robert to the 
Ethical Culture School, where he was an 
excellent scholar in all subjects, and where 
his interest in science was first aroused 
through mineralogy. After leaving school 
and after a year’s convalescence from 
dysentery contracted during a trip to 
Europe, he visited New Mexico in the 
summer with his teacher, Herbert Smith. 
This was the beginning of his deep 
attachment to the south-west. In 1922, 
aged 17, he entered Harvard. He spread his 
studies over a wide range of subjects, 
mostly on the literary side but including 
chemistry, in which he graduated in 1925, 
and some physics. The number and 
diversity of courses, and the amount of 
reading he managed, must have meant 
hard work; at the same time he learned to 
make contact with people and form 
friendships. 

In his final year at Harvard an important 
influence was Percy Bridgman, in whose 
laboratory Oppenheimer did some experi- 
mental work, and his decision to go for 
postgraduate study in physics probably 
owed much to Bridgman. He decided to go 
to Cambridge. His studies there did not 
work out too well. He was not accepted to 
work under Rutherford, as he had hoped, 
but did some experimental research under 
J.J. Thomson, which did not make much 
progress. However, he had the chance at 
Cambridge of meeting many distinguished 
people, including Niels Bohr and other 
theoreticians, and it became clear to him 
then that he wanted to do theoretical work. 
During the Cambridge period he had times 
of very deep depression and unhappiness, 
but he was able to deal with his own 
disturbed state more effectively than any 
doctors he consulted. 

After a year at Cambridge he moved to 
Gottingen, a congenial environment, to 
work with Max Born. This was the exciting 
time when quantum mechanics 
emerged, and the beginning of 
Oppenheimer’s passionate devotion to 
theoretical physics, and also of his 
constructive contributions to the subject. 
He qualified in one year for a PhD, and 
returned to the United States in 1927. After 
a semester at Harvard and one at the 
California Institute of Technology, he 
spent another year in Europe, visiting 
Ehrenfest, Kramers and Pauli. Then he 
moved to California, holding appoint- 
ments at Caltech and Berkeley, dividing his 
time between the two places. He liked this 
arrangement because at Caltech there were 
many theoreticians from whom he could 
learn, while at Berkeley he was practically 
the only modern theoretical physicist, and 
thus could contribute more to teaching and 
research. This unusual arrangement con- 
tinued until he became involved with 
atomic energy in 1942. It was here that he 
started to gather & group of graduate 
students, who usually followed his annual 
migration — and that he developed his 
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power as a teacher and leader in research. It 
was in the California years that he first 
became concerned with the world around 
him and with politics. It was in that period 
that he got married. 

He was now an established and respected 
member of the physics community, as 


expressed in his election to the National * 


Academy in 1941. 

In 1942, when work on the atomic bomb 
was becoming a serious project, he was 
asked to take charge of work on fast- 
neutron fission, which was related to the 
problems of design and performance of a 
bomb. The period from this time until the 
end of the War is dealt with in Chapter 4. 
Here the task of the editors changes. Itis no 
longer a question of searching out the few 
surviving letters and filling gaps, but rather 
to select, from amongst the voluminous 
files of official correspondence, the letters 
which are most informative of 
Oppenheimer’s attitude and ways. 

In coordinating the experimental and 
theoretical work carried out in different 
universities, he immediately showed his 
characteristic ability for summarizing, for 
stating the main issues clearly and for 
formulating questions. It soon became 
clear that efficiency demanded that this 
work be concentrated in a single centre, 
and he became involved in the planning of 
the new laboratory and the selection of a 
site. At some stage General Groves, head of 
the ‘Manhattan District’ (the code name 
for the atomic weapons project), decided 
to appoint Oppenheimer the director of the 
new laboratory. This was a daring decision, 
considering that Oppenheimer was a 
theoretician, not experienced in admini- 
stration and had the reputation of being 
rather disorganized in practical matters. 
Yet the decision was amply justified by its 
success. Chapter 4 helps to understand 
why. In addition to his lucidity in 
recognizing and expressing the main issues, 
Oppenheimer managed to deal with people 
in a manner which made them feel that they 
were respected, and gave them the 
confidence that their views and their needs 


were taken into account. The letters give 
examples of the many large and small 
problems that the director had to handle, 
and the pressure under which he was 
working. One of the surprising facts is how 
much mutual respect, and indeed affec- 
tion, developed between Oppenheimer and 
Groves, in spite of the enormous disparity 
between their personalities. 

Chapter 5 covers the three months from 
the end of the War to Oppenheimer’s 
departure from Los Alamos. The letters 
are now concerned with post-War plans for 
Oppenheimer, positions for the staff of 
Los Alamos and the organization of 
atomic-energy research, and reflect the 
burden of responsibility that scientists 
carried because of their work on the bomb. 
The last document by Oppenheimer is his 
speech at Los Alamos, in which he 
discusses the future of international 
relations and the idea of international 
control of atomic energy. 

The editors decided, wisely, to terminate 
the collection of letters at this point, since 
from then on the glare of publicity which 
fell on him, the great volume of corres- 
pondence and his membership of 
numerous official committees, changed the 
style of his letters, which tended to become 
more official and more guarded. They do 
not give the kind of insight which makes the 
letters reproduced in the book such 
fascinating reading. The book therefore 
does not, except ina brief resume, deal with 
the post-Los Alamos Oppenheimer, with 
his directorship of the Institute for 
Advanced Study in Princeton or with the 
security hearings usually called the 
“Oppenheimer Trials”, but there are other 
sources to cover these matters. However, 
the period it does cover, the growth of an 
unusually gifted and sensitive person to 
maturity, and to his success in a gruelling 


job, is of absorbing interest. E 


Sir Rudolf Peierls is Emeritus Wykeham 
Professor of Physics at the University of 
Oxford. He spent 18 months at Los Alamos 
working under Oppenheimer. 
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planet 


J. Veverka 


The Planet Pluto. By A. J. Whyte. Pp.147. 
(Pergamon: 1980.) $17.50, £8.75. 











Firty years have passed since the discovery 
of Pluto on February 18, 1930, but until 
recently the planet’s physical properties 
were still subject to much debate. The 
discovery of a satellite by Christy and 
Harrington in 1978 made it possible to 
determine the mass of the planet, and 
recent speckle interferometry by Arnold, 








good measurement of the radius. Finally 
we can say something about Pluto’s mean 
density and composition. 

Within half a century our conception of 
Pluto has changed from that of a rocky 
body, about the size of Earth, to an icy 
double-planet so tiny that it is dwarfed by 
such satellites as Ganymede and Titan. 
Latest data indicate that the planet is only 
some 1,500 km in radius (slightly smaller 
than our Moon, but three times bigger than 
the largest asteroid). Its companion, 
Charon, a relative giant, is almost half the 
size of the primary (our Moon is only a 
quarter as big as Earth). The average 
density of Pluto is probably less than 1.5 
g cm™, indicating a predominantly icy 
constitution. It is still uncertain whether 
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Pluto does or does not have an atmos- 
phere, but methane frost on its surface was 
discovered in 1976 by Cruikshank, Pilcher 
and Morrison. 

Whyte’s The Planet Pluto is one of two 
very timely recent books about this unique 
world. Both can be recommended highly. 
The second book is W. G. Hoyt’s Planets X 
and Pluto (University of Arizona Press), a 
well-documented, readable account of the 
discovery and subsequent studies of the 
planet, based largely on Lowell Observa- 
tory records. | 

Whyte’s book is a succinct, thorough 
summary of our growing knowledge of 
Pluto. Results are given more or less 
chronologically without critical comment. 
This type of presentation has its advan- 
tages, but there are occasions where one 
wishes the author-had allowed himself to be 
more critical. Obvious examples involve 
Kiladze’s numerology, Brady’s planet, 
certain very noisy spectra over-interpreted 
in fantastic fashions and pedantic models 
of the planet’s interior calculated before 
the mass or size of Pluto were known. 

There are only occasional typos and the 
odd trivial error, and few important 
references are omitted. Most notably, no 
mention is made of such important papers 
as those of Seidlemann ef al. (Pubis 


End of a chapter in 
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Mathematical Population Genetics. 
Biomathematics Vol. 9. By W.J. Ewens. 
Pp.322. (Springer-Verlag: 1980.) DM 59, 
$33.10. 





SINCE the rediscovery of Mendelian 
segregation, the combinatorial properties 
of the phenomenon have been fascinating 
to the mathematician (as indeed they were 
to Mendel himself). What Ewens calls the 
“golden age” of mathematical population 
genetics was dominated by Fisher, Haldane 
and Wright, the first two with professional 
training and the latter an inspired amateur. 
For a time, the theory was far ahead of 
the relevant evidence but the emergence 
of new experimental techniques (gel 
electrophoresis, amino-acid sequencing of 
proteins and, more recently, DNA 
sequencing) has not only provided a large 
body of data, though mostly concerned 
with protein evolution, but has also 
stimulated new conceptual approaches, 
such as the misnamed ‘non-Darwinian 
evOlution’, and a great deal of 
sophisticated mathernatics. For instance, 
our view of the basis of mutation at 
individual loci is quite altered — we think 
no longer of ‘forward’ and ‘back’ 
mutation but of an infinite progression 
which almost never retraces its path and 





astr. Soc. Pacif. 84, 858) and 
Goldreich and Ward (Publs astr. Soc. 
Pacif. 84, 737) which appeared in 1972 and 
demonstrated that Brady’s huge trans- 
Neptunian planet is an impossibility. The 
references are up to date until July 1979, 
and thus do not include some important 
new results such as the speckle determin- 
ation of the radius of Pluto by Arnold and 
his colleagues. 

In spite of its high price, the book is 
recommended heartily to anyone inter- 
ested in Pluto. It is hoped that it will make a 
contribution to a much-needed re- 
evaluation of Pluto’s importance to our 
understanding of the Solar System. 
Perhaps more astronomers will see fit to 
observe the planet with the techniques now 
available while it is near perihelion during 
the next two decades. Pluto has emerged as 
a unique body in our Solar System and as 
such is worthy of closer study, and 
especially of direct exploration by 
spacecraft. Opportunities exist to fly-by 
Jupiter — and have another look at lo 
— and arrive at Pluto before the end of the 


century. E 


J. Veverka is at the Laboratory for Planetary 
Studies, Cornell University, New York. 





which has led to an ‘infinite allele’ theory 
of some elegance. 

Many recent theoretical papers seem to 
have been written for mathematicians 
rather than biologists. Ewens does an 
excellent job of presenting the different 
contributions, many from himself or his 
students. Aimed at the graduate or 
research student, two threads are neatly 
interwoven throughout. Having first 
presented the theoretical approach to a 
topic, he ends with his own view of its 
present biological status. The book deals 
mainly with the statistics of genes in 
populations and less than 15 pages are 
concerned with quantitative genetics. Its 
value to the reader obviously depends on 
the latter’s mathematical level. I have 
certainly found it useful and stimulating — 
an indication not only of my mathematics 
but that I share the author’s prejudices. 

Perhaps, too, this volume marks the end 
of a chapter — of a theory of evolution in 
terms of the substitution of single 
mutations. Papers dealing with the 
mathematical properties of systems of 
tandemly repeated loci have already 
appeared (though none are referred to 
here), and current issues of Cell and PNAS 
are full of discussions of transposable 
sequences, a new kind of genetic 
polymorphism, arising from a novel sourc 
of variation. C 





Alan Robertson is Professor at the Institute of 
Genetics, University of Edinburgh. 








The potential of 
peat 


Hamish Anderson 


Peat: Industrial Chemisiry and 
Technology. By Charles H. Fuchsman. 
Pp.279. (Academic: 1980.) $28, £15.80. 
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ATA time when many countries, faced with 
ever-declining supplies and resources of 
basic raw materials, are currently re- 
assessing the potential of alternative 
sources of energy and of feedstocks for the 
chemical industry, the appearance of Dr 
Fuchsman’s boox is particularly welcome 
and opportune. Indeed, this publication 
constitutes the first real attempt in the 
English language to collect and collate 
information on the chemistry and tech- 
nology of an industry which, until now, has 
centred largely in eastern and northern 
Europe. Based on data judiciously selected 
from over 450 references, including many 
from Soviet publications not readily 
accessible to Western scientists, the author 
presents a most readable and concise 
review of the nature of organic 
components in peat and of the alternative 
technologies available for converting these 
components into commercially useful and 
value-added products, 

Following a general introduction on the 
nature and distribution of peat resources 
and the history of peat utilization for 
industrial purposes, Chapter 2 presents a 
somewhat superficial account of the classi- 
fication and chemical characterization of 
different bog anc peat types, as a result of 
which the compicated and often ambig- 
uous terminology and nomenclature may 
trouble the non-specialist. It is also 
surprising that sapropel, a material now 
widely used in the USSR, is considered to 
be of little importance to chemical 
technology. 

The extraction of peat with organic 
solvents is dealt with in considerable detail 
in Chapters 3-5, which help to clarify a 
murky area of the peat research effort. The 
chemistry and utilization of peat carbo- 
hydrates and hydrolysates of peat poly- 
saccharides are comprehensively covered 
in Chapters 6-8, followed by an account of 
the hydrolytic production of furfural, 
lactic and glycolic acids and other sugar by- 
products. A further use of these hydroly- 
sates is the indirect production of proteins 
and fats by the culture of yeasts — a 
process which has a long and honourable 





The second edition of the Glossary of 
Geology, edited by Robert L. Bates and 
Julia A. Jackson, has been published by 
the American Geological Institute, Falls 
Church, Vermont. The updated Glossary 
includes 36,000 terms, compared to 33,000 
in the 1972 edition, and is available from 
the AGI, price $40. 
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history in peat technology. 

In a book which deals largely with the 
subject from an industrial viewpoint, it is 
surprising to find that the longest section 
(Chapter 12) is devoted to a review of the 
occurrence and structural chemistry of 
humic acids and lignin. By contrast, 
Chapters 13-15 provide a most valuable 
account of the theory and practice of peat 
carbonization, specifications for coke and 
related products, and the production and 
utilization of distillates and gases from peat 
pyrolysis. 

Chapter 16 on chemical methods of peat 
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analysis is perhaps the weakest in the entire 
book. In a work containing such an exten- 
sive and well-documented bibliography up 
to, and including, 1978, it is surprising to 
be presented with many analytical methods 
which are out of date. Thus much stress is 
placed on the use of paper chromatography 
for the estimation of components of hydro- 
lysates, disregarding modern liquid and gas 
chromatographic techniques for the 
analysis of waxes, steroids, terpenes, 
phenols, sugars and amino acids. Auto- 
mated flow analysis methods are not 
mentioned. The concluding three chapters 


deal with the scale of peat processing 
operations, economic and social impli- 
cations, environmental impact and 
pollution control. 

Overall, Charles Fuchsman’s book fills 
an important gap in existing literature and 
will be widely welcomed not only by 
specialists in the field concerned but by all 
those engaged in peat research an 
development. z 





Hamish Anderson is a Principal Scientific 
Officer at the Macaulay Institute for Soil 
Research, Aberdeen. 
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Naim. Pp.311. (Plenum: 1980.) $32.50, 
£20.48. 


MEDAWAR has reminded us that the pursuit 
of science is the art of the soluble. This 
book isabout theart of the insoluble. 

To judge by the number of monographs 
recently published on the subject, interest 
in the hydrophobic effect and its involve- 
ment in the stabilization of biological struc- 
tures isata high point. 

Kauzmann in 1959 (Adv. Protein Chem. 
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14, 1) drew attention to the fact that the 
association of non-polar groups in an 
aqueous medium exhibits thermodynamic 
properties which can only be explained in 
terms of changes in the entropy of the sol- 
vent. Such groups, which are present on 
many biological molecules, come together 
not so much due to mutual attraction as to 
a mutual distaste for water. These concepts 
have been developed by several groups to 
provide a valuable tool with which bio- 
chemists can rationalize a wide range of 
interactions. What may be called the 
thermodynamic approach to hydrophobic 
interactions is widely accepted and remains 
useful because of the still limited under- 
standing of the structure of water. The 
beauty of thermodynamics in such a 
situation lies in its ability to handle pheno- 
mena quantitatively without having to 
make any assumptions as to mechanism, 
and some of the workers in this field have 
vigorously eschewed any attempt to taint 
the purity of the approach by considering 
molecular mechanisms. The frustration 
which this kind of treatment apparently 
induces in biochemists is well illustrated by 
widespread references in the literature to 
‘water structures’ and ‘icebergs’, and 
indeed there is much that we want and need 
to know about the details of the hydro- 
phobic interaction. 

The monograph by Ben-Naim attempts 
to steer a course somewhere in between 
the thermodynamic and the molecular- 
structure approaches. It is not in any sense 
a review, as the limited and selective list of 
references indicates, but an account of the 
author’s own attempts over a period of 
years to tackle the problem of hydro- 
phobicity. The first impression is one of 
clarity in his treatment of the subject. He 
leads the reader patiently, if at times pater- 
nally, through the development of his argu- 
ment in a way which is refreshing and help- 
ful. The argument is clarified by a series 
of diagrams which enable the model- 
orientated reader to grasp the significance 
of the equations. Frequent ‘Comment’ 
paragraphs provide summary, objective 
assessment of the previous sections. It is, 
surprisingly, these comments which first 
make for a sense of unease, for the general 
impression conveyed is that more experi- 





mental data are required to test the theory 
or that the theory being developed does not 
relate to real and highly complex macro- 
molecular systems. 

The author begins by drawing a useful 
distinction between the direct parts of the 
interaction between two particles in 
solution and the indirect part which com- 
prises the hydrophobic interaction. His 
approach is based on that of statistical 
mechanics and he sets out to describe the 
interaction in terms of association rather 
than solubility. The contrasts with the 
thermodynamic approach are marked, in 
that the familiar description of the hydro- 
phobic interaction in terms of charac- 
teristic changes in entropy and heat 
capacity is absent. In fact, consideration of 
these does not appear until three-quarters 
of the way through the book. The treat- 
ment progresses through discussion of the 
interaction between two simple particles to 
interaction between many solute particles, 
with particular emphasis on the non- 
additivity or cooperative aspects. The final 
chapter concerns the temperature and 
pressure dependence of hydrophobic inter- 
actions. Statistical mechanical derivations 
are assigned to appendices in order to make 
the text more readable. Various kinds of 
experiments are described, although some 
of these, such as those involving the associ- 
ation of carboxylic acids, are notoriously 
difficult to interpret in terms of the hydro- 
phobic contribution. 

This book is unlikely to be of value to the 
biochemist. Little light is shed on the four 
fundamental questions raised in the 
preface as to the nature and role of hydro- 
phobic interactions — these are still best 
answered by intuitions and prejudices 
based largely on the thermodynamic 
approach. The book is a useful contri- 
bution for the hydrophobic buff, sum- 
marizing the application of the statistical 
mechanical approach. For my money, 
though, further understanding of the 
hydrophobic interaction will only come as 
we learn more about the behaviour of th 


solvent at the molecular level. ‘a 





R. H. Pain is Professor of Physical Bio- 
chemistry at the University of Newcastle upon 
Tyne. 





Nature Vol. 286 28 August 1980 1 


- + 
` 
r 


831 





1 
ig ` 
$ 





>o = 28 August 1980 


~ 


$ 


Plagiarism, piracy and principles 


How honest is the scientific community? Is it, as the stopy 
books would -have us believe, that every- single member of the 
scientific community is a kught in shining armour, dedicated only 
to tbe pursuit of truth and indifferent to where the pursuit will 
lead? Or may it be, as some would say, that the scientific 
community is by and large no more honest or dishonest than any 
other group of professional people in which personal rivalry and 


ambition cannot be ignored? Might it even be that scientists are if - 


anything less honest, more venial, than the professional groups 
with which they invite comparison? There 1s a sense in which these 
questions and others like thenr are strictly meaningless. The 
scientific community is at best a loose aggregation of people with 
often very different interests, working in laboratories of very 


different character with techniques that differ profoundly from , 
each other. In some circumstances, scientists work alone, perhaps _ 
even in isolation. In others they are members of large teams of | 


people, united by: a common interest yet constantly (and 
understandably) on the look-out to ensure that no one person 
derives -an advantage from the collaboration that cannot be 
justified by his own contribution to it. There'are some who argue 
that in: such circumstances even the notion of a scientific 
community makes no sense. But there is also a`sense in which, 
from time to time, such questions cannot be avoided. In the past 
few months, they have been tnade inescapable by the discovery of 
cases of widespread plagiarism‘in the scientific literature, by the 
latest well-publicized case in which.experimental data were as 
much ‘a product of people’s imagination as.of laboratory 
measurement and by the general fear that when times are hard and 
budgets being reduced in many areas, standards are pono in any 
_ case to be at risk. 

' What is the truth? It is prudent first of all to recognize hai 
recent scandals, however spectacular, are neither as great a slur on 
the reputation of scientists as many outsiders would like to think 
nor as novel as many scientists would pretend. There is a tendency 
among professional scientists reading for the first time tales of 
large-scale plagiarism (see Nature, 12 June and 31 July) to huff 
and puff, turn red in the face and utter some solemn declaration 
that something, almost anything, must be done to defend the fair 
name of science. This tendency should be resisted. It is too often 
forgotten that the misdemeanours‘of the present are often mere 
shadows of the misdemeanours of the past. The: seventeenth 
century, after all, was riven with controversies about whose idea 
belonged to whom, and people such as Robert Hooke found it 
sensible to conceal notions such as ut tensio si vis in anagrams. 

In the days when the importance of data gathered from the real 
world as the foundation of all theory was not widely appreciated, 
the theft of ideas pure and simple was easier but also potentially 
more damaging than at present. In a small part, the conventions 
by which the scientific profession now regulates itself derive from 
from the bad.experiences of these early days: The object of:the 
convention is to give truth an overwhelming advantage over 
falsehood, originality a powerful edge on repetitiveness and to 
make it possible that people whose contributions to the stream of 


discovery are very different are nevertheless able to work easily 


alongside each other. The scientific community should count 
itself lucky that these conventions are now so deeply ingrained, so 
widely respected and so infrequently dishonoured. 

It is always something of a tragedy when the conventions are 
broken, especially if for personal gain or for the sake of personal 
esteem, but it is also important that when they are found to be 
broken, the scientific community should not get on its high horse 


and over-righteously pursue the transgressors. Especially because 
the conventions of the profession are so widely known, and 
because ıt is so widely understood that the penalty of being found 
out may be the end of a career, it is only charitable to acknowledge 
that a deliberate breach of the conventions may be a sign of 
something pathological, or of insupportable stress. The 
profession should, in other words, be more compassionate than is 
often at present the case towards those who fall foul of the 
conventions and are expelled. ` 

None of this implies that the conventions themselves should be 
made less strict. On the contrary, there are some respects in which 
they need to be made tighter. But it is crucial that the scientific 
community should clearly understand the purposes that the 
conventions are meant to service. In this connection, even the 
most primitive of the conventions — that which outlaws 
falsehood — is not, as some would have it, a matter of morality in 
some high-minded sense; rather, it has a practical purpose. The 
scientific community, like any other brench of scholarship, hangs 
together because of a’common interest in a common pool of 
knowledge. A person who announces the results of experiments 
showing that water will run uphill, or that chewing-gum becomes 
superconducting at the temperature of liquid oxygen, or who 
merely decides to make his way ın the world by synthesizing data 


‘that confirm some widely held theory, is potentially misleading all 


his colleagues, wasting their time and diminishing their chance of 
making a substantial contnbution to understanding. Falsehood is 
thus an: impediment to the progress of science as whole, and small 
falsehoods: may have a disproportionately great effect. Whether 
those who utter falsehoods are immoral in some wider sense 1s 
hardly relevant. . 

But what is a falsehood? The oni is not synonymous with the 
opposite of truth. There is no shame in publishing in the literature 
an observation which turns out to be incorrect, perhaps because 
of some instrumental defect or conceptual flaw. Similarly, an 
entirely wrong-headed theory, the “‘luminerferous aether’’, for 
example, is not an offence against the conventions of the 
community provided that it is argued on grounds which are 
explicit,. and accessible to all. (From this derives the 
subconvention.that original publications should contain the 
details needed to repeat an experiment or to reconstruct an 
argument:) Popper would say that the discovery of untruths of 
this kind is not merely_a chore but the essence of science. 
Falsehood is different, for it requires of the perpetrator the wish 
to deceive. Falsehood cannot as easily be rooted out. Telling one 
from the other without the lapse of time would inevitably entail 
the impossible task of assessing individual honesty. By 
convention, it is supposed that everybody is honest — how else 
could it be? How true 1s that assumption? 

The second primitive convention, common to the whole of 
scholarship, is that credit must be given where it is due. The 
objective 1s not merely that scientists should enjoy that faint glow 
of pride that follows from discovery or authorship (which is 
nevertheless a justifiable reward in a profession where other 
rewards are few and far between) but that it should be possible for 
others to reconstruct the origins of new ideas, putting them in a 
wider intellectual context and making them intelligible. But 
failure to acknowledge sources adequately and generously is also 
bound to cause personal offence — people are human, after all — 


_ which can seriously damage the free exchange of data and ideas. 


These, as they must be, are high ideals. How well are they kept? 
The recent flurry of plagiarism is not a good guide to present 
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standards, if only because plagiarism is so easily detected and 
demonstrated. Plagiarists are either fools or desperate people. 
Concocting false data, cooking the books, is a more private 
matter and therefore harder to detect. Many heads of busy 
laboratories will be alarmed to think what may be happening 
without their knowledge — and will no doubt come to the 
conclusion that their only safeguard is to be directly involved in 
their own research, not merely as leaders but as colleagues of 
those who do the work. Even so, clearcut transgressions are likely 
to be rare. Less flagrant misdemeanours, or complaints thereof, 
are much more common. A helpful referee may find that his 
constructive comments become the gist of somebody else’s 
publication. A member of a coordinated research programme 
may find that the contributions he has made to the planning of an 
enterprise turn up in the literature without his knowledge. Or 
references to important contributions to some field may be 
skimped for the sake of a false impression of originality. Thereisa 
lot of this about. | 

Remedies are unfortunately not easily devised. In the old days 
(half a century ago) it was the common practice for the head of a 





Many years have passed since the argument about the future of 
the environment in which people live was sharply polarized, 
dividing those who considered that the surface of the Earth is a 
robust place and those who argued that, on the contrary, quite 
small changes affecting the ecological balance might have 
catastrophic consequences. Mercifully, these discussions are now 
conducted more moderately. Both sides in the old argument seem 
to have decided that everybody’s interest will be served if 
consensus rather can conflict can be built around environmental 
problems. Unfortunately, however, it seems that old habits die 
hard. From time to time, vestiges of the sharp divisions of the 
1960s crop up in public statements and in the newspapers. One of 
the citadels of the extreme environmentalists appears to be the 
journal called New Internationalist, published by no less an 
organization than Oxfam, widely respected for the way in which it 
has tackled problems in developing countries with energy, 
compassion and imagination which are rare even for the most 
dedicated voluntary organizations. 

New Internationalist is, however, over-imaginative in the way it 
tackles problems of the environment in developing countries. 
Thus, in the July 1980 issue of the journal, an article by the 
editorial staff of the journal which appears under the heading 
‘‘Peddling pesticide” begins with the declaration that “‘until 
DDT was banned as a proven cancer-causing agent it was the 
penicillin of pesticides .. .’’. The article goes on to argue that the 
chemical companies, disconcerted to have been ‘‘caught pushing 
poisons’’, stopped manufacturing DDT in developed countries 
but set about selling their manufactured stocks in countries 
overseas. The objective of the article is to argue that the 
multinational chemical companies are using the developing world 
as an outlet for sales that would otherwise be frustrated and asks 
that Western governments should put a stop to their wicked ways. 
The argument thus brings together two important elements of the 
demonology of the extreme environmental movement of a decade 
ago — big business in general, and international business in 
particular, and pesticides in general, DDT in particular. Nobody 
quite understands where these demons have sprung from but no 
doubt they have their roots in a variety of improper practices in 
the past. For there is no doubt that at many periods in the past 
century developing countries have been exploited unfairly by 
business interests from overseas. Similarly, it is beyond dispute 
that DDT and the other organochlorine pesticides were used 
indiscriminately and eperhaps irresponsibly soon after their 
introduction — although it appears that most of the damage that 
followed was in North America, where agriculture is intensive, 
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laboratory to take responsibility for everything that happened in 
it or was published from it. Grand old men used to terrorize their 
juniors yet give their work the stamp of authenticity. To turn back 
the clock would be impossible and would solve nothing, for even 
grand old men are capable of falsehood. Yet there is something in 
the view that the standards of behaviour would be improved if 
only laboratories as units engaged more freely and openly in 
discussions of their collective work. Falsehood is necessarily a 
private matter; open discussion must help to show it up — or even 
show that falsehood is unnecessary. It is only proper to record 
that many of the best laboratories are among the most willing to 
talk domestically. It would also help if external pressures on 
individual scientists could be abated. The competition for grants, 
promotion and kudos is the driving force. The need to publish 
derives from that. There is at least a chance that these pressures 
would abate substantially if the methods of financing research 
were only subtly changed. Shifting the balance of decision from 
external agencies to laboratories themselves would be certain to 
help. Is this the constructive course to follow after the disclosures 
of the past few weeks? 


Pesticides in developing countries 


and not in the developing countries. None of this, however, 
excuses what New Internationalist has to say about DDT, 
especially because what the developing countries need to know 
most urgently is more complicated. 

The truth is that DDT is not a poison in any reasonable meaning 
of that word. Its acute toxicity to people is low, which is why it was 
widely used, a quarter of a century ago, for the control of 
mosquito populations in the areas of the world where malaria is 
endemic. Similarly, the evidence that DDT is ‘‘cancer-causing’’ Is 
ambiguous in the ordinary meaning of those words. It is true that 
high doses of DDT fed to laboratory animals will induce cancer, 
as indeed they provoke disturbances of liver function. But there is 
no evidence that the use of DDT has in the past caused damage to 
people when used with suitable precautions and in circumstances 
that are appropriate. The more toxic organochlorine pesticides 
are more damaging to animal life, but even they have not been 
taken off the market in most industrialized countries because of 
the damage they might do to people — rather they have been 
controlled and sometimes banned for fear of what they might do 
to wildlife populations. 

In developing countries, circumstances are different. It may be 
regrettable but it is true that many governments in developing 
countries are less squeamish about wildlife populations than are 
the governments (and the electorates) of industrialized countries. 
New Internationalist would be fighting a good cause if it sought to 
alert them to the importance of a balanced wildlife population 
and to the importance of refraining from needlessly disturbing the 
natural ecology. In due course, many such governments would no 
doubt follow industrialized states in controlling DDT for fear of 
unwanted effects on the wildlife population. But for many of 
these governments there is a more urgent reason why powerful 
pesticides such as DDT should be used with discrimination. The 
original enthusiasm for the use of DDT in controlling malaria has 
evaporated now that problems of insecticide resistance have 
become natural restraints on what can be accomplished. 
Similarly, in the industrialized countries which practise intensive 
agriculture, the United States and Western Europe in particular, 
there are growing dangers that the uncontrolled use of pesticides 
may serve chiefly to stimulate the emergence of resistant insects. 
The difficulty is that such problems cannot be solved simply 
by taking one, or even several, offending chemicals off the 


market — somehow, instead, their use has to be planned 
imaginatively. Is not this the point that New Internationalist 
and its parent organization should be seeking 


to establish? 
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Uranium exposure limits in dispute 


A new sepals has arisen between 
epidemiologists and health physicists over 
the interpretation of data on the health 
effects of low levels of ionizing radiation, 
the subject of a recent report from the 
National Academy of Sciences (Nature 7 
August p. 550). 

This time the disagreement centres on 
whether current exposure limits to the 
radioactive gas radon and its decay 
products may present an unnecessarily 
high risk of lung cancer to the 7,000 
uranium miners: currently employed in the 
United States. ` 

And the precise shape of the low-level 
dose-response curve has been given a new 
significance by growing concern about the 
possible health risk to the general public 
from radon-emitting building materials, 
since radon’s precursor, radium-226, is a 
trace element contained i in most rocks and 
soil. 

In the light of andaca evidence 
on occupational exposures that has been 
accumulated since the current standards 
were set in 1971, the National Institute of 
Occupational Safety.and Health (NIOSH) 
has suggested to the Department of Labor 
that permitted exposure limits for uranium 
miners should be significantly reduced. 

However, the International Council for 
Radiological Protection (ICRP) argues 
that no change is needed. In a set of new 
recommendations currently being 
circulated to its members, the ICRP says 
that on the basis of dosimetric techniques 
applied to models of the lung, the current 
exposure limits appear to be adequate. 

Mining companies — already facing a 
tight economic squeeze because of a virtual 
collapse in ‘the international market for 
uranium ore — are using the ICRP’s 
‘arguments to press the department not to 
“reduce the limits. A move to reduce the 
limits could mean that mining companies 
would have to install expensive ventilation 
equipment. 

Research in the 1950s and 1960s 
confirmed an abnormally high incidence of 
lung cancer among uranium miners. The 
cause was identified as radon and its alpha- 
emitting decay products — known as radon 
daughters — which become attached to air 
particles and can lodge in miners’ lungs. 
The Department of the Interior introduced 
in 1971 an exposure limit of 4 working level 
months (WLM) a year, with a ceiling 
airborne concentration not to exceed 1.0 
WL. (One working level (WL) is defined as 
a radon daughter concentration in one litre 
of air resulting in the emission of 1.3 x 10° 
MeV of potential alpha energy). 

Since then, evidence from epidemio- 
logical studies in Canada, Sweden, 
Czechoslovakia and the United States, 
Suggests, according to a report put together 
by a NIOSH study group, that the full 
effects of radon exposure may have been 
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underestimated, and that ‘‘there appears to 
be no margin of safety associated with the 
present standard”. 

The working group point out that 
triggering doses may be substantially lower 
than the cumulative doses associated with a 
particular incidence of lung cancer, since 
the radiation absorbed after the triggering 
dose may have been biologically 
redundant. In addition, the contribution 
of smoking to lung cancer among miners 
may have been overestimated in previous 
work. Some studies appear to show a 
higher rate of lung cancer among miners 
who do not smoke than among those who 
do — perhaps because cigarette smoking 
creates a thicker layer of mucus which may 
provide some protection against alpha 
emissions. 

In submitting the report to the 
Department of Labor’s Mine Safety and 
Health Administration (MSHA) Dr 
Anthony Robbins, Director of NIOSH, 
says that the apparent excess risk of lung 
cancer among those who might accumulate 
120 WLM over a working lifetime — 
perhaps twice previous estimates — was a 
cause for major public health concern. 

“On the basis of the study group’s 
report, we feel that the present MSHA 
standard of 4 WLM per year does not 
provide an adequate degree of protection 
for underground miners exposed to 
radiation when it. is evaluated over their 
exposure lifetime,’’ Dr Robbins says. 

NIOSH officials met with MSHA at the 
beginning of this month, and agreed that 
there is enough scientific evidence to 
support a possible revision of the 
regulation. 

The department has already been 
petitioned to reduce permitted exposure 
levels by Ralph Nader’s Health Resources 
Group and the Oil Chemical and Atomic 
Workers, a labour union to which many of 
the uranium miners belong. The two 
Organizations are demanding that the 
maximum allowed radiation be reduced 
from 4 to 0.7 WLM per year. 

However, the department is being urged 
by the industry to take into account the 
ICRP regulations suggesting little need for 
change. The ICRP proposals, agreed in 
draft form at a meeting of the commission 
in Brighton, UK earlier this year, describe 
two different ways of estimating what 
might be considerd a safe exposure level. 

Using epidemiological techniques based 
essentially on the same data as those 


analysed by the NIOSH working group, 


ICRP suggest that a safe limit would be 
between 2 and 10 WLM per year. 

However, the ICRP also makes 
estimates based on a dosimetric analysis of 
the expected effect on the lung of a given 
amount of radiation, and in particular to 
that region of the lung particularly 
susceptible to alpha emission. 
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The latter approach, according to the 
ICRP, leads to a recommended exposure 
limit of 5-8 WLM per year based on a 
regular lung dose, or 9-14 WLM per year 
based on a mear lung dose. And given the 
variability in the epidemiological data, 
ICRP suggests that a figure of $ WLM 
should be used as the basis for regulation — 
adding that for uranium miners already 
exposed to additional gamma radiation, 
this limit would tend to be reduced by 20 
per cent for radon daughters alone, 
bringing it in line with the current US 
standard. 

Ironically this conculsion is somewhat in 
conflict with the judgement of the National 
Academy of Sciences’ Committee on the 
Biological Effects of Ionizing Radiation 


(BEIR), which last month moved closer to 


ICRP’s position that for a different type of 
low level radiation (that resulting from X 
rays and gamma rays) a linear dose- 
response model may overstate the dangers. 

In its comments on the dangers from 
alpha emission and other sources of high- 
LET (linear energy transfer) radiation, 
however, the BEIR committee drew 
heavily on the epidemiological studies of 
uranium miners and others to conclude 
that ‘‘the application of the linear 
hypothesis is less likely to lead to 
overestimates of risk and may, in fact, lead 
to underestimates’. 





David Dickson 


High-altitude research 


Reflated hopes 


A threat to halt the launching of large 
scientific balloons from two sites in 
Australia may yet be averted if a proposal 
to update equipment and share running 
costs is accepted by the five countries which 
regularly use them. The continuation of the 
facilities is particularly important for 
astronomers from Australia, the United 
States, Britain, Germany and Japan who 
want to send balloon-borne payloads to 
high altitudes to study X-ray and UV 
sources in the Southern Hemisphere near 
the Galactic Centre. 

The Australian government has 
threatened to close the facilities at Mildura, 
Victoria and Alice Springs in the Northern 
Territory because it says that it is heavily 
subsidizing foreign astronomers whose 
governments do not pay an economic fee. 
The United States is the only country that 
currently contributes to running costs: it 
pays a third, Australia making up the 
remaining two thirds. Other users of the 
facility currently pay about 
£10,000--11,000 for a launch and 
nothing towards basic running costs. 


Hinden rheina ber er acted AN oe bere A AAA AORTA aan AA Ae AA a AAAA AA Naa antes lena sant 


OTSR Macmillan, Journals Led Lid 


834 


Nature Vol. 286 28 August 1980 





Britain, Germany and Japan have each 
been launching on average two to three 
balloons per year. Australia started 
searching for alternative funds four years 
ago when Britain was the main foreign user 
apart from the United States. An attempt 
then to get Britain to pay one third of the 
running costs, about £50,000, failed with 
Britain’s Science Research Council 
pleading poverty. 

The current threat to close the facilities 
unless outside funds are found quickly 
seems likely to produce results. Britain and 
the United States have agreed to accept a 
proposal, put by Professor Vic Hopper of 
Melbourne University during recent visits 
to both countries, to share running costs 
between the five principal users and to 
update some of the out-dated equipment. 

The new proposal appeals to Britain in 
particular because the cost would be shared 
by more countries, Germany and Japan 
having become regular users of the 
facilities over the past four years. The plan 
would also allow user countries to up-date 
equipment by providing their own. Hence 
the United States and Germany might 
consider providing a better launch truck 
for heavier balloons and Britain would be 
willing to provide an improved kilobit 
telemetry link from its now abandoned 
Skylark rocket programme. Professor 
Hopper left for Germany and Japan last 
week to discuss his ideas there. 

Britain seems to have come round to the 
view that it can hardly refuse Professor 
Hopper’s proposal, especially if the United 
States, Germany and Japan also agree to 
cooperate. Compared to the cost of other 
collaborative projects with Australia, such 
as the Anglo-Australian telescope, the cost 
would be almost insignificant. In the 
interests of international collaboration, at 
least, it would probably be worth it. 

Judy Redfearn 


Nuclear reactors 


Czech closure 


In a sudden policy about-face, the 
Czechoslovak Nuclear Energy Com- 
mission has admitted that the country’s 
first nuclear power station at Jaslovske 
Bohunice had to be closed down 
permanently after a major incident a few 
years ago. Speaking on Prague Radio, 
Milos Drahny, a senior official of the 
Commission admitted that a serious defect 
had damaged the 440-MW No. 1 generat- 
ing set at the country’s first VVER-440 
light-water nuclear power station. 

This admission follows almost two years 
of semi-official denials backed up by 
glowing accounts in the media of the 
benefits which the station was bringing to 
the Czechoslovak national economy (a 
claimed 2 million MW generated in 1979). 
As recently as 17 July 1980, Prague TV 
carried a news it@m reporting the 
completion of ‘‘summer maintenance 
work’’ on the No. 1 set. 





The closure of the station was first 
reported in November 1978 in Document 
22 of the Charter 77 movement. This 
document reported two accidents. The 
first, on 5 January 1976, was due to an 
obstruction in the safety valve of a fuel cell 
(probably due to human error), leading to 
an escape of radioactive coolant (CO,) and 
the death of two workers who could not be 
evacuated in time, since one of the 
emergency exits had been locked as part of 
an anti-pilfering campaign. The second 
accident, on 24 February 1977, was due to 
human error in the loading of a fuel cell, 
producing a rupture in the primary circuit 
and extensive contamination in the 
primary and secondary circuits. Activated 
steam was voided into the atmosphere, 
and there was an escape of liquid into 
a nearby stream, which had to be fenced 
off temporarily. 

The public discussion which the 
Chartists had hoped to evoke never 
materialized. The authorities took the 
stance that there was no accident. But the 
total absence of sound data (workers at the 
plant who had been at risk in the first 
accident were not even allowed to know the 
extra dosage they had absorbed) caused 
rumours to proliferate. By 1979, it was 
widely believed that the liquid spilled from 
the second accident had got as far as the 
Danube — an allegation which the 
Chartists themselves have never either 
supported or denied, and which on the face 
of it would be very difficult to substantiate 
since the Danube Commission deals only 
with pollution caused by ships and there is, 
to date, no overall monitoring system for 
the river. 

Document 22 in its concluding para- 
graphs called for a moratorium in the 
Czechoslovak nuclear energy programme 
until the public had been informed of, and 
had had a chance to consider, the hazards 
involved. But with the authorities firmly 
committed, like all Comecon countries, to 
nuclear power, construction went on 
apace; the No. 2 set at Jaslovske Bohunice 
is now undergoing acceptance trials, the 
Dukovany station is under construction 
and work on the Mochovce station has 
been started. 

Nevertheless, and without any reference 
to Document 22, the Czech and Slovak 
media have from time to time appeared to 
be answering the Chartists on specific 
issues. One of the main criticisms made in 
Document 22 was of the psychological and 
physical health of the staff at Jaslovske 
Bohunice. The majority of workers, said 
the Chartists, were willing to work 
dangerously long hours without proper 
safety precautions in return for high pay 
and consoling themselves with alcohol and 
petty pilfering. Official releases countered 
this with descriptions of health and safety 
regulations, and the careful psychological 
monitoring of prospective employees. 
Other articles stressed safety precautions 
and contingency plans for antipollution 
measures in the event of any serious 
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radiation leaks. 

Drahny’s belated announcement that 
such an accident has, in fact, already 
occurred, will come as no great surprise to 
the Czechs and Slovaks, accustomed as 
they are to the rewriting of the past. They 
may be intrigued, however, by the timing 
of the announcement, which came a few 
days before the anniversary of the 1968 
Soviet intervention. 

Vera Rich 


Space telescope 
Edinburgh’s bid 
Britain’s Science Research Council 
(SRC) is to put in a bid to the European 
Space Agency (ESA) to house the 
European space telescope coordinating 
facility at the Royal Observatory, 
Edinburgh. Bids are also expected from the 
European Southern Observatory at 
Garching, West Germany, at least one 
astronomical institute in France and 
possibly one each in Spain and Italy. ESA 
plans to decide on a site early next year. 
European scientists will receive at least 
15 per cent of observing time on the space 
telescope — a joint ESA-US National 
Aeronautics and Space Administration 
(NASA) project — due for launch aboard 
the space shuttle in late 1983, roughly in 
proportion to ESA’s contribution to its 
capital cost. The task of the European 
Coordinating Facility (ECF) will be to 
receive data from NASA’s Space Telescope 
Science Institute, and to analyse and 
disseminate them to European users of the 
space telescope, within a matter of days of 
receipt of the data in the United States. But 
bigger plans are afoot for the ECF. It will 
be designed to handle all data produced by 
the space telescope; ESA is currently 
negotiating with NASA to receive data 
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The space telescope — as it will look 
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which are not initially allocated to 
European astronomers when exclusive 
rights to it have expired after one year. 

The SRC believes that its proposal 
stands a good chance of success because it 
would use Britain’s Starlink facility which 
already employs highly sophisticated 
methods of image processing to analyse 
data from. ground-based telescopes. The 
Royal Observatory in Edinburgh houses 
one of Starlink’s six nodes. European 
astronomers would be able to access space 
telescope data quickly by travelling to 
Edinburgh or only slightly more slowly at 
one of the sites of the five other nodes, 
three of which are within easy reach of 
London, the othertwo being in Manchester 
and Cambridge. One of the main reasons 
for choosing Edinburgh rather than any of 
the five other institutes housing a node is 
that from next October, Dr Maicolm 
Longair will be director of the Edinburgh 
observatory. He has been closely involved 
in the space telescope programme since its 
inception. g 

To cope with the enormous increase in 
data, however, facilities at the Royal 
Observatory would need to be expanded, 
particularly by enhancing the existing 
image processing unit and building a 
special unit to cope with the data. 

ESA plans to pay about £66,000 
towards the capital cost of the facility, 
about £33,000 per year towards running 
costs and the salaries of seven staff. The 
host institution will be expected to find the 
rest of the cost from its own pocket. 

The SRC estimates that to build the 
facility. at Edinburgh, it would have to 
provide about £250,000 and pay for an 
extra five staff. 

š Judy Redfearn 


German workforce 


Ten years on 


-Microcircuits and other new 
technologies likely to be adopted in the 
1980s in West Germany will result in the 
loss of 1.8 million jobs in some low-skill 
sectors, and a gain of 1.9 million in other 
higher-skill occupations, says a new 
forecast commissioned by three Federal 
German ministries. 

This massive shift in employment will 
require government policy ‘‘specifically 
shaped to counteract what will be an 
increasing tendency towards conflict in the 
community”’ says the report, prepared by 
Mackintosh Consultants Ltd of the UK 
and Prognos AG of Basle. 

The German government has described 
the report as a brilliant study and awarded 
the. teams a prize for their efforts. 
Mackintosh Consultants reviewed prob- 
able technical developments by making 
studies in the UK, Japan, Germany and the 
USA; and Prognos AG looked at social 
and economic factors, including union and 
Management attitudes affecting their 
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Field of activity 


| 
| 
1 Mainly management functions 
2 Office work 
3 Entertainment, publishing 
4 Education 
| 5 Cleaning operations 
| 6 Installation, repair and maintenance of machinery 
i 7 Specialized consulting, R&D 
8 General supply services 
9 Special supply services 
10 Assemblers and assistants 
1} Rail transport 
12 Road and sea transport 
13 Operating processing plants 
| 14 Special tasks in manufacture of metal products 
15 Special tasks in construction 
16 Special tasks in food, beverages, tobacco 
17 Special tasks in agriculture 
18 Special tasks in mining 
19 Special tasks in manufacture of clothing 
20 Special tasks in printing . 
| 21 Transmission of information 
22 Health services 
23 Legal advice, business consultancy 
24 Security functions 
; 25 Test, measurement 
26 Others 


Total 














Change: 1990. 
compared 


Economically active persons 


(thousands) to 1977 (%) 
1977 1990 
922 1,104 19.7 
3,863 3,611 -6.5 
125 152 21.6 | 
897 1,076 20.0 
872 1,002 14.9 
2,224 2,695 21.2 | 
1,171 1,604 37.0 
2,343 2,150 -8.2 
498 470 ~5.6 
2,467 2,144 ace | 
199 165 a 
748 797 6.6 
1,396 1,000 -238.4 
7 801 2.7 
1,37! 1,095 -20.1 
50! 531 6.0 | 
1,610 1,372 -14.8 
15] 132 -12.6 | 
200 200 0 
1S! 104 ik 
176 157 ~10.8 
727 917 26.1 
126 158 25.4 
927 1,120 20.8 
376 371 EE 
100 64 ~36.0 





introduction in the current decade. Both 
studies were detailed and sectional, 
dividing the economy into at least 50 
sections and jobs into 26 categories, all of 
which were looked at individually (see 
table). 

The study identified 15 sensitive sectors 
of the German economy where the pressure 
to innovate was great, but the ability to 
respond small. Prominent among them 
were the chemical industry and refineries, 
where the price of imported oil will require 
conversion to new feedstocks; but 
conversion will require massive investment 
in new capital equipment, new skills in the 
workforce and possibly new locations for 
industry to meet the distribution 
requirements of new raw materials. 

Jobs directly connected with the intro- 
duction of the new technologies — such as 
installation, and the repair and 
maintenance of what may initially be 
unreliable (because untested) technologies 
— would increase during the 1980s by 
471,000. But typically the qualifications 
required in the new jobs will be far in excess 
of the jobs being eliminated: spotting if a 
cherry is on a cake requires less education 
than spotting the fault in the device which 
detects cherries on cakes. 

The area in which most jobs would be 
lost is in the operation of processing plants, 
largely through the introduction of micro- 
processors to handle decision-making on 
production lines. Here, the report 
estimates, there will be 396,000 fewer jobs 
in 1990 than there were in 1977. 
**Assembly’’, categorized separately in the 
study, would also lose 323,000 jobs, 
through reductions in numbers of com- 
ponents and the automatic assembly of, for 
example, television sets. 

The Bundesministerium fiir Forschung 
und Technologie (BMFT) have estimated 


the range of unemployment which might 
follow from the Mackintosh-Prognos 
scenario, given different conditions of 
economic growth and government and 
industrial investment. At a pessimistic level 
of 2 per cent annual growth in gross 
national product (compared to the 
Mackintosh~Prognos estimate of 2.9 per 
cent), investment would be expected to be 
low, and unemployment would rise from 
1.03 million this year to 2.23 million in 1985 
and 2.4 million in 1990. It would fall again 
to 1.44 million in 1995, the BMFT estimate. 
Mackintosh’s project director for the 
study, Mr Tom Jacobs, said last week the 
likely speed of innovation would be great in 
the next decade but would need great social 
change. Hence, says the report, Germany 
must develop ‘‘a high level of social 
communication and willingness to support 
common objectives, which is only possible 
if based upon a high level of overall 
understanding of where the community’s 
best interests lie. Thus, the management of 
social learning processes becomes a central 

task in politics.” 
Robert Walgate 
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Nitrite safe? 


The US processed-meat industry 
received a welcome reprieve last week when 
the Food and Drug Administration (FDA) 
and the Department of Agriculture 
(USDA) announced that there was 
“insufficient evidence” to label sodium 
nitrite —- a widely used meat preservative 
— a carcinogen. 

Two years ago results of experiments 
contracted by the, FDA to Dr Paul M. 
Newberne, Professor of Nutrition and 
Food Sciences at the Massachusetts 
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Institute of Technology (MIT) suggested 
that nitrite produced cancer in the 
lymphatic system of laboratory rats. 

' Almost 13 per cent of 1,350 test animals 
in the study were said to have developed 
lymphomas, compared with only 5.75 per 
cent of the 573 not being fed nitrites. 

The FDA had proposed a phased 
withdrawal of nitrites, but at the same time 
had announced that the MIT study was to 
be placed in the public record ‘‘so that the 
process of external scientific scrutiny can 
commence’’. As well as gathering 
comments from their own scientists, the 
FDA and the USDA commissioned a 
Washington-based contract research 
group, Universities Associated for 
Research and Education in Pathology, to 
review the 50,000 tissue slides taken by Dr’ 
Newberne of his 2,000 test animals. 

Last week the two agencies announced 
that the review of the slides revealed 
insufficient evidence to support Dr 
Newberne’s conclusions that nitrites 
increased the risk of cancer in the 
lymphatic system. The review group said 
that it found fewer of the slides indicated 
the presence of cancer than Dr Newberne 
had concluded, and the agency scientists 
agreed. 

Some of the supposed lymphomas were 
noncancerous, the group said, and some 
were histiocytic sarcomas, which have no 
known human counterpart. 

On the basis of this reassessment of Dr 
Newberne’s data, the two agencies 
announced that they were dropping plans 
to phase out the use of nitrites. 

However, the statement emphasized that 
steps are still being taken to reduce the level 
of nitrites in food because of concern that, 
through the effects of cooking or digestion 
with other chemicals, nitrites can form 
nitrosamines, known potent carcinogens. 

Following last week’s announcement, 
the FDA has also asked the National 
Academy of Sciences to review and 
evaluate all available scientific data about 
nitrites, and to analyse possible alternative 
preservatives for use in the meat and 
poultry industries. 

The decision not to impose a ban on 
nitrites was widely welcomed by food 
industry officials, where nitrites are used 
not only to prevent the spread of botulism, 
but also to give meat the red colouring 
favoured by US consumers. The industry 
had complained that there was no 
alternative agent with equivalent taste, 
texture and handling characteristics, and 
had previously claimed that a ban might 
destroy the US pig industry, over 70 per 
cent of whose products are processed with 
the use of nitrites. 

When his research results were reported 
two years ago, Dr Newberne urged that 
they should be confirmed by other research 
workers before any ban was introduced. 
Last week he was on vacation, unable to 
comment on the review group’s critique of 
his research techniques. 

David Dickson 


Energy conservation 


UK forecasts 


The UK Atomic Energy Authority 
(UKAEA) has dismissed as ‘‘uneconomic 
and risky” proposals for an aggressive 
policy on energy conservation put forward 
by the International Institute for 
Environment and Development (IIED) 15 
months ago. 

That ‘‘low energy stategy’’ placed too 
much emphasis on conservation and too 
little on the expansion of indigenous fuel 
supplies say the UKAEA. Furthermore, the 
Strategy leads to a shortfall in oil and gas 
supplies of up to 108 million tonnes of coal 
equivalent in the year 2025, say the 
authority, overestimates the savings 
possible in the domestic sector, and is 
inconsistent in its projections of sectional 
and overall economic growth. 

What no doubt stuck in the authority’s 
throat was the claim in the HED report that 
electricity output can be met by building 
only 6 GW of nuclear capacity in the first 
quarter of next century, so that nuclear 
power would become “‘a peripheral issue’, 
and that the fast breeder ‘‘could be shelved 
indefinitely’’. (In contrast, the UK govern- 
ment has since announced a 15-GW 
nuclear construction programme over the 
decade beginning 1982.) Thus the authority 
wish to argue that energy demand, and 
particularly electricity demand, will remain 
more buoyant than the HED calculate. 

Gerald Leach, principal author of the 
HED report, last week admitted that the 
low energy strategy could lead to an oil and 
gas shortfall in 2025, in so far as it was 
possible to calculate that distance into the 
future, but said that it would be very easy to 
make good the shortfall by, for example, 
increased coal production for which his 
estimate for the year 2025 had been more 
conservative even than the 170 million 
tonne target set for the year 2000 by the 
National Coal Board. 

In domestic conservation, the level of 
savings depended greatly on the assumed 
price ratio between gas and electricity as a 
function of time, said Leach. ‘‘Everyone is 
crashing out of electricity now’’, and 
electricity prices will increase further as 
coal and oil become more expensive. So if 
cheap nuclear electricity does come on line 
in the UK in the 1990s it may be too late. 

On the other hand, argue the UKAEA, 
the assumption in the low energy strategy 
that real incomes in 2025 will be 3 times 
those of today, and that electricity prices 
relative to gas will be 2.4 times cheaper than 
today, are incompatible with the 
assumption that domestic electricity use 
will decline. The greater heat gains 
available from electric heat pumps and 
their quietness, compared with gas-driven 
heat pumps, will lead to their preferential 
adoption, say the authority; and the HED 
have ignored a likely trend to greater size in 
domestic appliances. UK refrigerators 
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average 5-6 cubic ft, whereas American 
Ones average 12 cubic ft. 

But potentially the most damning 
criticism in the UKAEA reply is that the 
HED report is inconsistent. One of its most 
attractive conclusions was that high growth 
was possible alongside a reduction in 
energy use; but the assumed growth rate is 
not matched by the sectional estimates 
from which energy use is derived. 

The HED report, in its high growth case, 
assumes 2.94% annual growth in gross 
domestic product and the growth of non- 
energy manufacturing industry at only 
2.19%. But that implies, the UKAEA point 
out, that the other sectors (which are 
mainly service industries) grow faster than 
2.94%, whereas the ITED figures show 
much lower growth in the measures used 
(for example, floor area for the commercial 
and institutional sector). 

Leach’s reply to this is that he assumes, 
on the basis of many interviews and 
studies, that the monetary productivity ofa 
given unit in the service sector will increase. 
For example, the £/m? generated in office 


work will increase through the 
introduction of microcircuitry. 
Robert Walgate 


Soviet space 


Salyut women 


Although Soviet planners decided in 
1976 not to recruit any more women to 
follow Valentina Tereshkova into space as 
a pilot, they also announced that women 
would still be eligible to serve aboard space 
Stations as doctors, astronomers or 
stewardesses. None has yet done so but it 
seems as if a welcome is now being 
prepared aboard Salyut. 

Until now, the Salyut stations have been 
somewhat cramped, and, according to an 
unattributed talk on Moscow radio last 
month, “‘quite hard and difficult even for 
men’’. Now, however, Salyut-type stations 
have “‘more acceptable’’ conditions for 
joint work by both men and women. In the 
near future, stations will have separate 
cabins, rest rooms and showers. 

Salyut 6 already has an experimental 
shower cabinet, in which the cosmonaut is 
sluiced by a stream of water drops borne by 
an airflow. In the future the beads of water 
which remain in the shower cabinet instead 
of passing on to the recycling system will be 
dealt with by the newest aid to space 
hygiene, a special towelling drying-bag. 

One on-board luxury the would-be 
citizeness-cosmonaut still cannot expect is 
the traditional bunch of flowers on 
Women’s Day (8 March). Soviet space 
biologists announced last month that they 
were abandoning attempts to grow flowers 
in space, for lack of positive results, and 
they were now concentrating their 
attention on radishes, cucumbers and 
carrots, which could form an important 
addition to the cosmonauts’ diet. 

Vera Rich 
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NEWS AND VIEWS 


Lamarckist revival in immunology 


DARWIN'S concept of natural selection has 
gained almost universal acceptance. Along 
with it most biologists also tacitly accept 
Weissmann’s doctrine of the inviolability 
of the germ-plasm, and so reject the 
possibility that acquired characteristics 
could be inherited. The old controversy on 
this last point has recently been re-opened 
by E. J. Steele. In his book (Somatic 
selection and adaptive evolution, 
Williams-Wallace, Toronto-London, 
1979) he assembles evidence that 
acquired characteristics may be inherited, 
and suggests how this might occur. His 
proposal is based on Temin’s protovirus and 
provirus hypotheses for the evolutionary 
origin and biological role of the C-type 
RNA viruses (J. Nat. Cancer Inst. 46; 
Science 192, 1975). These viruses can 
transduce genetic information from one 
somatic cell to another by capturing intra- 
cellular RNA sequences (¢.g. messenger 
RNA) and infecting other cells where the 
RNA is copied by reverse transcriptase into 
DNA capable of being integrated into the 
genome. It would require only that such 
information be transduced into germ-cell 
DNA for inheritance of acquired 
characteristics to become conceivable — as 
indeed was suggested by Temin. If somatic 
mutations are capable of being selected by 
environmental pressures (as is widely 
accepted for the lymphocytes of the 
immune system) then this would increase 
the probability of their being transmitted 
to the germ-line and fixed as heritable 
characteristics. 

This neo-Lamarckist hypothesis has 
recently received experimental support in a 
paper by Gorcezynski and Steele, (Proc. 
Nat. Acad. Sci. U.S.A. T1, 2871; 1980) 
who make the startling claim that 
neonatally induced immunological 
tolerance to MHC (major histocom- 
patibility, or transplantation) antigens can 
be genetically transmitted to the offspring 
through at least two generations. 

The experiment consisted first in the 
induction of tolerance in male mice of the 
CBA strain by the classical procedure of 
nebnatal injection of lymphoid and bone 
marrow cells from a hybrid donor strain 
bearing foreign MHC antigens: 
(CBAXA)F, (Billingham ef al, Phil. 
Trans. R. Soc. B 239, 357; 1956). The 

‘neonatal injection was followed by regular 


From R.B. Taylor 


further injections: a procedure known to 
induce a state of chimaerism. When they 
reached adulthood these tolerant males 
were mated with normal females. Some of 
the offspring from this first mating were 
killed and examined for tolerance by 
testing the ability of their spleen cells to 
mount a cytotoxic (CTL) response ın vitro 
against target cells of the donor strain. 
Others were allowed to survive and were 
mated either with each other, or with 
normal CBA mice to give a second genera- 
tion. These, and their first generation 
parents, were likewise examined for 
tolerance by CTL assay. Both generations, 
neither of which had been intentionally 
exposed to the tolerogen, showed a wide 
range of response, from normal down to 
undetectable. The important point is thata 
high proportion of them (50-60% of the Ist 
generation and 20-40% of the 2nd genera- 
tion) gave responses significantly below 
those given by control CBA mice. 
Specificity was demonstrated by the fact 
that the mice responded normally to a 3rd 
party strain: C57B1/6J. 

Such a remarkable result must be 
questioned very closely — both as to its 
technical adequacy, and as to the 
interpretation given to ıt. The CTL assay 
used in the experiment is a standard 
procedure and does not demand any major 
technical innovations. Although most of 
the results depend on one-point assays, the 
same degree of hyporesponsiveness was 
seen even at a fourfold higher con- 
centration of attacker cells. One might ask 
for more controls to show that the 
inherited patterns of response were really 
dependent on the initial mduction of 
tolerance, and not on a tendency of some 
CBA males to throw hyporesponsive liters. 
One might also ask that the tests ın vitro 
should be supported by evidence of graft 
tolerance in yrvo. 

The further interpretation leaves even 
more room for questions. We must ask (a) 
what, in terms of phenotype, was 
transmitted; and (b) how was it 
transmitted? To answer the first question 
we need to define immunological tolerance 
in its various guises, and ask to which of 
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these (if any) the Gorczynski-Steele 
phenomenon belongs. 

In its broadest operational sense 
tolerance means a state of specific 
unresponsiveness, which includes states of 
significant hyporesponsiveness such as 
were found in many of the mice claimed to 
have inherited tolerance. It can exist in T 
cells or B cells or both. Underlying the 
condition of tolerance may be any of a 
variety of mechanisms which fall into two 
categories: those in which active 
suppression by suppressor lymphocytes 
has been demonstrated, and those in which 
it has not, and which are assumed therefore 
to be due to irreversible ‘deletion’ of 
competent cells. This distinction is 
important because although somatic 
selection could act to favour a mutant with 
positive function (suppression) it could not 
act on a loss mutant. The usual test for 
distingushing between deletion and 
suppression is to make a cell mixture m 
order to see if the tolerant cells will be able 
to prevent the normal cells from 
responding. However, this test could not 
necessarily be used to establish that 
suppressive mechanisms are operating in 
the mice with inherited tolerance. This is 
because ıt would not detect suppressor cells 
whose action was to prevent the 
development of competent cells from stem 
cells. It is this kind of cell which has 
recently been detected (by a different test) 
in mice which would otherwise be thought 
to have a deletion-type of tolerance 
(Gorezynski and MacRae J. Immunol 122, 
737 & 747; 1979). 

The agents of active suppression have 
been identified both as suppressor T cells 
and as free antibodies. In both cases, there 
is now evidence that they may carry 
specificity for the variable regions 
(idiotypes) on the antigen receptors of the 
cells they suppress. The situation becomes 
even more complex when we consider 
artificially-induced tolerance to MHC 
antigens, because the tolerance-inducing 
inoculum usually contains cells capable of 
reacting against the host. This they can do 
either by the unexpected, but now well 
established ability of F, hybrid cells to 
recognise parental aain MHC antigens 
(Shearer, et al., Cold Spring Harbour 
Symp, 41, 511; 1976); or by means of an 
anti-idiotypic response against the 
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receptors by which the parent recognises 
the foreign antigens in the F, (Ramseier & 
Lindenmann Pathol, Microbiol. 34, 379; 
1969). This latter mechanism can suppress 
the parental cells so as to produce what 
amounts to a phenotypic state of tolerance 
(Binz et al. Nature 246, 146; 1973). Thus a 
state of tolerance can involve any of a wide 
variety of different mechanisms, all of 
which may represent facets of the way self- 
tolerance is maintained. At least some of 
the positive suppressor mechanisms 
however seem to be specially stimulated 
after induction of tolerance by artificial 
means. This is important because it is clear 
that natural self-tolerance is not inherited; 
if it were one would expect to see it in the 
homozygous offspring of an F, x parent 
mating. In fact however such mice do not 
tolerate the foreign F, antigens any better 
than their homozygous, non-tolerant 
parent. 

It is possible however that Gorczynski’s 
and Steele’s mice have inherited, not their 
fathers’ suppressive mechanisms, but the 
antigen to which the fathers have been 
made tolerant. Very large numbers of 
donor cells were injected at regular 
intervals throughout the fathers’ lives, so 
genes specifying donor antigens could as 
easily be imagined to have found their way 
into the germ-line as somatically mutated 
paternal genes. In that case such genes 
would be expressed in a proportion of the 
offspring and would be recognised and 
tolerated as ‘self’. This possibility is 
mentioned by Gorczinski and Steele. 

This brings us to the second of our two 
questions: was the information actually 
transmitted in the DNA of germ cells, or 
did it go by some less direct route? The fact 
that fewer of the second generation mice 
were tolerant than the first argues that the 
characteristic was not fixed in the germ 
line, and thus would require some special 
proviso for it to be accepted as inheritance 
in the DNA. In place of this, some other 
routes bear consideration. Could tolerance 
have been transmitted via a regulatory 
antibody or lymphocyte, or an antigen- 
bearing stem cell, in the seminal plasma? 
There is no precendent for such a route. In 
addition it would require the mothers to 
become tolerant, which seems highly 
unlikely in view of the known difficulty of 
inducing tolerance to MHC antigens in the 
adult animal. 

Another possibility, by which one might 
escape frontal challenge to Weissmann’s 
dogma, is that the information could be 
carried across the generations by viruses as 
such, without requiring violation of germ- 
line DNA. There are indeed a number of 
instances in which virus infection both in 
vitro, and in vivo has been associated with 
the appearance of unexpected (or ‘alien’) 
MHC specificities. But. whether the virus 
actually transduces the MHC-specific 
information (as would be necessary if this 
were to explain the inheritance of 
tolerance) or whether it merely triggers 
some predetermined change in the 
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structure of the MHC molecules is not 
known. In any case there is as yet no good 
evidence from this or any other source for 
viral transduction in vive. Furthermore, 
for viral infection to serve as an 
explanation it would have to be strictly 
limited to the venereal route, otherwise 
tolerance would have been expected to 
appear in some control mice in the same 
animal house. 

Yet another possibility (A. Millbacher, 
personal communication) depends on the 
already-mentioned capacity of F, hybrids 
to make a response to the parent. Thus if 
the tolerogenic inoculum of F, lymphoid 
cells were making such a response to the 
CBA host, it might have the effect of 
selecting against the CBA-type among 
developing germ cells, and thus favour any 
mutations bearing A strain antigens. These 


Solar luminosity 


from Ronald L. Gilliland 


THE solar luminosity is the primary force 
driving the earth’s atmospheric circulation 
and it is probable that variations in the 
solar constant of as little as 0.3% would 
have a measurable effect on the climate. In 
a recent paper, Dearborn and Blake 
(Astrophys. J. 237, 616; 1980) describe the 
effects on the solar luminosity of varying 
the efficiency of convection and they 
briefly discuss mechanisms which could 
produce such changes. One such 
mechanism is a fluctuation in the average 
properties of the convection cells seen near 
the solar surface. At the depth where the 
luminosity is quite sensitive to the 
convective efficiency the number of cells is 
~ 10°. If the properties of individual cells 
are allowed to vary by 10%, then stochastic 
variations of ~ 0.3% in the total flux could 
occur. An alternative mechanism for 
inducing changes of convective efficiency 
is interaction with the cyclic variation of 
magnetic field strength associated with the 
11 year solar sunspot cycle. 

To examine the significance of the 
Dearborn and Blake study it is necessary to 
briefly describe the solar convection zone. 
The sun has a convective region extending 
to a depth of some 200,000 km or ~ 30% 
by radius. As over most of this region 
convection is very efficient and capable of 
carrying a much larger flux than is actually 
present, changes in the convective 
efficiency will have little effect on the 
luminosity. In the outer 3,000 km the 
convective efficiency begins to drop. Here 
a significant part of the flux is carried by 
radiative transfer and changes in the 
convective flux are readily induced by small 
changes in the convective efficiency. 
Dearborn and Blake have adopted the 





Ronald L. Gilliland is a visitor in the High 
Altitude Observatory of the National Center for 


Nature Vol. 286 28 August 1980 
mutations could then be perpetuated by 
normal inheritance, and there would be no 
need for a special viral transduction 
mechanism. Once again, however, there is 
no precedent for this type of selection. 

In answer to our second question, then, 
it is not easy to offer an alternative 
mechanism for the transmission of 
tolerance which is any more credible than 
the Lamarckian one favoured by 
Gorczynski and Steele. Clearly, the basic 
result must be repeated in other 
laboratories. It will be important to 
establish mendelian inheritance through 
further generations, and to characterize the 
tolerant state. In addition one would 
expect from the point of view of survival 
value in evolution, that immune respon- 
siveness as well as non-responsivenes 
would prove to be heritable. J 


variations 


standard approach of modeling the very 
complex phenomena of turbulent 
convection with a simple ‘mixing length’ 
theory in which the size of convective cells 
at any given level is given by the assumed 
mixing length. It is the assumed mixing 
length which Dearborn and Blake alter to 
bring about a change of convective 
efficiency. They find that quite small 
changes in the mixing length parameter on 
timescales of days to ~ 10° years can lead 
to significant luminosity variations. These 
results are interesting and provocative 
since they show that solar luminosity 
variations are theoretically plausible on 
these timescales. However, quantitative 
predictions cannot be made as there is no 
physical connection between the proposed 
mechanisms leading to convective 
efficiency variations and modeling of 
them. 

The solar models which show luminosity 
changes in response toa forced variation of 
convective efficiency also show radius 
variation. Sofia et al. (Science 204, 1306; 
1979) argue that measurements of solar 
radius variations can be used as a proxy 
measure of luminosity changes. The use of 
radius variations as a proxy depends on the 
theoretical determination of the relative 
change of radius with respect to luminosity 
(defined as W =A*°’%, R = solar radius, S= 

LY s/s 

solar constant) resulting from assumed 
changes in convective efficiency. This 
would be very useful since historical 
records of the solar radius (from transit 
timings of the sun crossing the meridian, 
eclipse observations, and timings of 
Mercury transits) extend back a few 
hundred years. Unfortunately, direct 
monitoring of the solar luminosity has been 
carried out only for parts of this century 
and there is insufficient data for long-term 
correlations with climate. 

The early claim by Sofia et al. that radius 
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Devonian trilobites 


from R. A. Fortey 


IN a recent publication*, Eldredge and 
Branisa describe a whole series of 
beautifully preserved trilobites from 
Devonian rocks in Bolivia, including a 
number of genera and species new to 
science. 

The trilobites are an extinct group of 
arthropods that flourished from the 
Cambrian to Permian periods (about 
600—250 Myr BP). Unlike many 
invertebrate fossils, they have a complex 
and varied morphology, and rapid 
changes have occurred in virtually all 
parts of the exo-skeleton. They are 
therefore an ideal group to use as tests of 
the different theories for reconstructing 
phylogeny. The visual system in 
particular is very sophisticated and there 
are complex shufflings in the 
arrangement and numbers of lenses. The 
specimens described by Eldredge and 
Branisa are remarkable for their well- 
preserved muscle impressions and they 
have been able to record speciation within 
a geographically and taxonomically 
limited group. Of particular interest is 


their demonstration of the number of 


specific variations that can be played ona 
relatively few morphological themes — a 
product of one of the rapid ‘radiations’ 
that happened from time to time during 
the long history of the trilobites. 


variations could be used as a means of 
determining luminosity changes has 
encountered several problems. First of all, 
similar calculations conducted by different 
groups have found widely discrepant 
values for W. (Dearborn and Blake found 
W=5x107%. Sofia ef al. found 
W =7.5 x 10~*. In my own studies I have 
found W = 8.5 x 10~*. This is a total spread 
of x 100!) The numerical discrepancies are 
related to a much more fundamental 
problem. The mixing length theory does 
not model the turbulent convective flow in 
a time-dependent deterministic sense 
(feedback with variations of individual 
cells or the magnetic field can not be 
included). The mixing length is a free 
parameter which is normally adjusted in 
order for the calculation to match time- 
averaged global observed conditions (for 
example, radius and luminosity). While the 
mixing length theories may adequately 
describe time-independent global 
structure, results of perturbations within 
the mixing length theory framework do not 
necessarily have any relation to actual 
physical processes. The mixing length 
theory does not adequately describe the 
detailed structure of the outer 3,000 km of 
the solar convection zone (where the 
changes in question arise). Indeed different 
versions of mixing length theory exist 
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which give observationally indistin- 
guishable solar models, but quite 
different structures in the outer 3,000 km 
which are so important for this problem. 
Using mixing length theory to determine 
more than rough qualitative estimates for 
the relative radius and luminosity 
variations is highly questionable. 

In order to predict reliable quantitative 
results for solar radius and luminosity 
variations it will be necessary to directly 
incorporate the causal mechanisms. For 
the stochastic variation mechanism a 
deterministic hydrodynamic model of 
convection in multiple dimensions is 
required. To follow the effects of a variable 
magnetic field one must couple the full 
3-dimensional hydrodynamic treatment of 
convection with an equation to determine 
the magnetic field. One must thus solve the 
non-linear astrophysical dynamo problem 
(see Moffat, H.K. Nature 285, 16; 1980). 
This is a very difficult problem — reliable 
quantitative results are unlikely to be 
found in the near future. 

While past measurements of solar 
luminosity and radius variations have not 
been highly significant, our ability to make 
precise measurements may be expected to 
improve in the near future. The Solar 
Maximum Mission launched February 14, 
1980 should provide measurements of the 
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solar luminosity with an absolute accuracy 
of 0.1% and a relative precision 0.02% 
over a planned period of 1-2 years. 
Preliminary resuits indicate that the quoted 
precision will be achieved and that 
Statistically significant variations are 
occurring. Willson ef al. (Science 207, 179; 
1980) have claimed direct detection of a 
0.4% luminosity increase over a 2.4 year 
period with two rocket flights. A change of 
this magnitude occurring periodically over 
a few years or as part of a longer trend 
would have probable climatological 
Significance. SMM and future satellite 
missions should allow us to know whether 
or not solar luminosity variations are 
taking place. The High Altitude 
Observatory is sponsoring a solar diameter 
measuring project based on transit timings 
which should be capable of detecting 
monotonic radius changes to < 0.01% 
Over a baseline of a few years. 
Simultaneous radius and luminosity 
determinations are of importance in 
developing and checking theoretical 
models of solar variations. Thus, while 
current theoretical models of solar 
variations can be viewed as little more than 
Suggestive, the day is near when direct 
Observational determinations of such 
changes can be made, which in turn should 
help the development of realistic models. 
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Pseudogenes 


from Nick Proudfoot 


A new and unexpected discovery has now 
come from the molecular analysis of gene 
families that code for globin. Studies from 
a variety of mammalian species reveal that 
in each case more gene sequences are 
present in the genome than are necessary to 
encode the known globin polypeptides. 
Sequence analysis of these extra globin 
genes shows that they have a variety of 
nucleotide changes that would result in 
either aberrant or absent polypeptide 
formation. The term ‘pseudogene’ — 
defined as a region of DNA that displays 
significant homology to a functional gene 
but has mutations that prevent its 
expression — has been coined for these 
aberrant genes. 

The first example of a eukaryotic 
pseudogene was described by Jacq, Miller 
and Brownlee (Cell 12, 109; 1977) for the 
Xenopus 5S gene system. These and 
further studies (Miller et al. Cell 13, 717; 
1978) revealed that the 5S gene was directly 
adjacent to an almost but not quite faithful 
5S gene copy. No pseudogene 5S RNA has 
ever been detected in vivo. More recently 
extra genes which may be pseudogenes 
have been found in the rabbit (Hardison et 
al. Cell i18, 1285; 1979) and human f-globin 
gene clusters (Fritsch ef al. Cell 19, 959; 
1980) and human a-globin gene cluster 
(Lauer et al. Cell 20, 119, 1980). 

During a recent meeting entitled 
‘Haemoglobin Switching’ at Airlie 
House, Virginia, US the f-like gene 
families of human, rabbit, mouse, sheep 
and goat and a-like gene families of human 
and mouse were described in some detail. 
In each case more genes were detected than 
expected and evidence was presented 
suggesting that most of these extra genes 
are, in fact, pseudogenes. As recently 
published from the laboratories of Phillip 
Leder and Oliver Smithies (Nishioka ez al. 
Proc. natn. Acad. Sci. U.S.A. 77, 2806; 
1980; Vanin et al. Nature 286, 222; 1980), 
Nishioka and Vanin described a mouse 
a-globin gene that has various frame shift 
mutations which are in turn followed by in- 
phase termination codons. As a result no 
a-globin-like polypeptides can be 
produced. The gene has a further 
remarkable feature — both introns are 
precisely excised so that it resembles a 
somewhat mutated a-globin messenger 
RNA. 

Both speakers suggested possible 
mechanisms to explain how such an 
‘intronless’ gene could have arisen. A 
favourite model is that messenger RNA or 
its reverse transcript somehow upsets the 
replicative process, even though the 
presence of globin mRNA or reverse 
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transcriptase in germline cells has yet to be 
demonstrated. During replication of a 
globin gene, messenger RNA or 
complementary DNA might base pair with 
the gene sequence and loop out the two 
introns. Subsequent repair of such hybrids 
could result in intron excission. Another, 
perhaps more plausible, model is that the 
enzymes involved in splicing out introns 
from precursor RNA might also be capable 
of splicing DNA in an analogous manner. 
Presumably such DNA splicing would have 
to be a freak occurrence, or no intron 
would be safe. Nishioka described a second 
mouse a-like globin gene that appears to be 
a candidate for pseudogene status. 
Although both introns are present, several 
base changes in the gene would alter amino 
acids thought essential for globin function. 
Furthermore, the normal termination 
codon is mutated so that translation of the 
mRNA would continue into the 3 
noncoding region. Such a mutation has 
been found to be the cause of a rare genetic 
disorder in man — haemoglobin Constant 
Spring (Clegg ef al. Nature 234, 337; 1971). 

Two pseudogenes of the goat were 
described by Lingrel in a f-globin gene 
family (Zingrel, Haynes, Schon, Clearly & 
Gallagher, unpublished).One gene has 
several terminator codons close to the start 
of the gene that would prevent the 
expression of globin. The other has a 
variety of base changes that would alter 
amino acids essential to globin function. 
There are also B-like globin pseudogenes in 
positions between embryonic and adult 
globin genes in mouse and rabbit. 
Hutchinson described the mouse 
B-pseudogene which appears to have 
completely lost its 5° side so that the first 
B-like sequence detectable is at around 
amino acid position 75. Beyond this the 
sequence is clearly f-like and the second 
intron is in place. However, short deletions 
and additions of sequence together with 
terminator sequences indicate that this 
gene is inactive (Jahn, Hutchinson, 
Phillips, Weaver, Haigwood, Voliva & 
Edgell Cell in the press). In contrast to the 
mouse gene the rabbit f8-pseudogene as 
described by Hardison has B-like sequence 
corresponding to all regions of the adult f 
gene except for its 3 noncoding sequence 
which is barely identifiable. Again a 
deletion of one nucleotide close to the 
beginning of the gene coding sequence 
quickly puts any translation product from 
this gene out of phase (Lucy & Maniatis Cell 
in the press). Finally, a human a-globin 
pseudogene was described (Proudfoot & 
Maniatis Cel? in the press), again between 
the embryonic and adult e-like genes. This 
gene is 70-80% homologous to the adult 


a-globin gene throughout its sequence but | 


has a deletion of 20 nucleotides in the 
middle of the gene that puts the amino acid 
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sequence out of phase. 

An interesting feature of the last four 
pseudogenes is that they lack the putative 
intron splicing signals found at the 
beginning and end of all introns 
{Breathnach ef al. Proc. natn. Acad. Sci. 
U.S.A. 75, 4853; 1978; Lerner et al. Nature 
283, 220; 1980). It therefore seems unlikely 
that any transcripts produced by these 
genes could be spliced correctly. Two 
further features of the globin pseudogenes 
described should be mentioned. First, most 
of them, in addition to mutations that 
would directly affect translation into 
globin polypeptides, have potential 
transcription mutations. For instance, the 
intronless mouse a-globin and the second 
goat f-globin psuedogenes lack the 
putative promoter signal or ‘Hogness Box’ 
PyATApu (M. Goldberg, Doctoral Thesis, 
Stanford University), while the human 
a-globin and the same goat f-globin 
pseudogenes lack the putative 
polyadenylation signal AATAAA 
(Proudfoot & Brownlee Nature 263, 211; 
1976). Second, in each case where the 
complete linkage arrangement of the 
particular globin gene cluster has been 
established (human a and B, rabbit B, 
mouse 3) a pseudogene is found between 
the embryonic or fetal and adult globin 
genes. 

Can any function be ascribed to 
pseudogenes? Vanin et al, postulate that 
pseudogenes might restrict gene expression 
by using up the transcriptional apparatus 
of the cell in futile pseudogene 
transcription. Perhaps the presence of a 
pseudogene next to each adult globin gene 
is related to such a regulatory process. 
Alternatively, globin pseudogenes could be 
the source of new gene products if 
translated in one of the two other coding 
frames or if translation includes intron 
sequences which are unspliced. However, 
so far no new protein product has been 
suggested or identified for these 
pseudogenes. 

It may be better to consider pseudogenes 
as relics of evolution. Globin genes 
probably evolved by duplication. After the 
initial duplication event each member of a 
pair could diverge and useful sequence 
variations would be selected. Presumably, 
first a and $8 and then embryonic and fetal 
globin genes were produced in this manner. 
Mutations that restrict expression of the 
genes could also occur. In an extreme case, 
such as a promoter mutation, it is possible 
that one gene might be completely switched 
off. There would be then no selective 
advantage in the switched-off gene 
remaining globin-like so the whole gene 
sequence might be expected to gradually 
drift from the original sequence. In 
another case a mutation might only 
partially inactive the gene resulting in low 
level expression. Human 6-globin and 
mouse B-minor globin genes might be living 
examples of such an evolutionary process. 
Finally, it is possible that certain gene 
mutations such as a frame shift might not 


anaya pann iea aa miee tot a A n ret HATE TL AAPA WLR ESAT ERAN ALI AOE BNL CN THETA AARNE ALES 


«1980 Macmillan Journals Ltd 





Nature Vol. 286 28 August 1980 


panenane 


only incapacitate the gene but result in the 


expression of a new protein detrimental to 
the whole animal. Although such mutant 
genes might be expected to rapidly 
disappear from the population, further 
inactivating mutations might occur that 
could then allow these genes to become 
fixed in the population. There is, in any 
case, no reason to believe that pseudogenes 
per se have any function although, of 
course, new genes could evolve from them. 


The molecular analysis of globin genes is 
probably more advanced than any other 
mammalian gene system at this time. It 
seems likely that when other gene families 
are equally well characterized new 
pseudogenes will be identified. Indeed, 
extrapolating from the situation in globin, 
one in four gene sequences may be 
pseudogenes. Put in simple terms this 
suggests that one quarter of our genes 


might be dead. = 


Volcanic ash southern style 


from lan Smalley 


Wit the eruptions of Mt. St Helens still 
making the headlines in the northern 
hemisphere this was a good time to have a 
conference* on volcanic ash deposits (alias 
tephras) in New Zealand. It might be noted 
that the St Helens eruption has produced 
about | km? of ash but the last eruption of 
the Taupo volcano in the mid North Island 
of New Zealand produced about 24 km’, 
possibly all in about 15 minutes through a 
vent 100 m wide. 

P. Froggatt (Victoria University, 
Wellington) reviewed the tephras 
from Taupo. There have been 8 
major rhyolitic eruptions during the past 
10,000 years. Their stratigraphy and 
distribution is well understood and provides 
useful marker beds over most of the North 
island. A source vent for each eruption has 
now been established. The most useful and 
widespread marker bed is the Taupo 
pumice (1,820 yrs BP) which erupted from 
within Lake Taupo at Horomatangi Reefs. 
The stratigraphy and nature of the Taupo 
pumice have now been revised and show a 
variety of eruptive mechanisms. The last 
phase of the eruptions was the most 
voluminous and destructive, being a series 
of pyroclastic flows which swept radially 
outward over all topography for more than 
60 km. Reconstruction of the eruptive 
history of this ignimbrite has important 
implications for older eruptions such as the 
Kawakawa tephra (20,000 yrs BP) and the 
older welded ignimbrites. 

P. Kamp (Waikato University) discussed 
the Pleistocene tephras in Hawkes Bay and 
their implications for Quaternary events. 


The tephras provide an absolute time-scale. 


for the Kidnappers Group sedimentary 
succession, the deposition of which was 
predominantly glacio-eustatically con- 
trolled and which matches the standard 
deep-sea chronostratigraphy (core 
V28-238), The correlation of Pleistocene 
tephras elsewhere in New Zealand with 
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Kidnappers tephras may enable events on 
land to be tied into the sea-level chrono- 
logy. Nine discrete rhyolitic tephras, which 
Kamp has named informally A to I, occur 
in the 350 m thick Kidnappers Group 
succession. 

V. Neall (Massey University) offered 
some comparisons between the volcanoes 
in the Cascade Range in the Western 
United States (including Mt. St. Helens) 
and Mt Egmont in New Zealand. The 
geological setting of each volcano and its 
relationship to non-volcanic rocks 
provides useful comparisons, particularly 
with respect to control of pyroclastic flow 
and lahar mudflow distribution. Fre- 
quency of tephra eruptions in Holocene 
times varies from | per 100-200 years at St. 
Helens (based on the last 4,000 years 
record), to | per 250-350 years at Egmont, 
1 per 500-1,000 years at Rainier and | per 
800 years at Shasta. The Egmont tephra 
succession displays a remarkably uniform 
mineralogy in marked contrast to tephras 
within the last 500 years. Pyroclastic flows 
from Egmont have been as frequent as 
those produced from St Helens and Shasta, 
but are much less in volume. 

A. Palmer (Victoria University, 
Wellington) considered the occurrence of 
airfall tephra in the loess of the Wairarapa, 
at the southern end of the North Island. 
The 20,000 yr BP Kawakawa tephra occurs 
as a pinkish white 5-10 cm band of coarse 
silt to fine sand-sized glass and pumice 
fragments and is consistently found at two 
thirds the depth of the top (Ohakean) loess 
unit. The tephra influences bulk density 
and water contents for at least 50cm above 
the primary airfall material and similar 
bulk density and water content variations 


within the older loesses probably indicate. 


volcanic ash. Some further observations on 
loess were provided by N. Kennedy (DSIR 
Soil Bureau, Rotorua) but he was 
concerned with what has come to be known 
as ‘tephric’ loess. Some problems are 





“Tephra Workshop meeting, held at Victoria University, 
Wellington, on 30 June and } July 1980. Organised by Ç. 
Vucetich, R. Howarth and P. Froggatt: proceedings ta be 
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arising in the more northerly paris of the 
North Island with a redeposited 
tephra material which might be classed as a 
loess. According to Kennedy tephric loess 
is deposited during arid climatic periods 
and is always found sandwiched between 
tephras of 15,000-—20,000 vrs sP. Thus the 
period 15-20,000 pp is regarded as cold and 
arid. In the Rotorua basin the average rate 
of accumulation during that critical period 
was 0.3 cm/yr. 

D. Seward (N.Z. Inst. Nuclear Sei.) 
reported on progress in fission track dating 
of tephra deposits. Tephras represent time 
planes within both marine and continental 
sediments and are most suitable for 
stratigraphic chronology and correlation. 
Glass was the first material used for fission 
track dating of tephras but most glasses 
have undergone varying amounts of 
annealing and this has reduced the size and 
density of the spotaneous fission tracks, 
and produced a ‘young’ age. The most 
suitable mineral in the tephras is zircon. 
The Tertiary-Quaternary sequences in New 
Zealand contain sufficient tephras for a 
tight time scale to be realised throughout. 
However, because of error limits the fission 
track ages of individual tephras must be 
closely analysed before tephras from one 
sequence can be absolutely correlated with 
those from another. C. Vucetich (Victoria 
University, Wellington) offered some 
Quaternary tephra correlations, from 
c.40,000 yrs BP to ¢.300,000 yrs BP. The 
chronology was based on two fission track 
dates for zircons by B. Kohn: Puketirau 
tephra (Tirau) 0.22 + 0.03 Myr and 
Omokoroa tephra (Tauranga) 0.36 + 0.04 
Myr and indirect dating per c.120,000 yr 
marine transgression. 

D. Lowe (Watkato University) 
demonstrated the usefulness of tephra 
layers preservec in peats. The recent 
identification of more than twelve 
unweathered andunmixed thin discrete air- 
fall tephras in piston cores from shallow 
peaty lakes near Hamilton have provided a 


stratigraphic record of late Pleistocene — 


{(post-Kawakawa tephra) and Holocene 
tephra deposits in the Waikato region. 
Identification of the tephras was greatly 
aided by using X-radiography techniques 
and these are being actively developed by 
the Waikato group, with particular 
possibilities seer in the techniques of 
xeroradiography which utilises a reusable 
photo recepter plate instead of 
conventional X-ray film. 

The situation may appear hazardous but 
like the farmers persistently cultivating the 
slopes of Etna thescientists find rich results 
are derived from volcanic ash. The scale of 
New Zealand vulcanism in the past has 
been colossal with the Taupo eruptions 
judged by G.P.L. Walker to have been 
perhaps among the largest ever. The 
enormous spread of volcanic material in 
New Zealand means that the datable 
volcanic events in ‘henorth can offer useful 
stratigraphic indicators even down into the 
glaciated south. 
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Strategies of drug resistance in herpes simplex 


from H. J. Field and G. K. Darby 


ALTHOUGH effective anti-viral drugs are only 
just being developed it already seems likely 
that viruses have diverse strategies of drug 
resistance. Foremost among the anti-viral 
drugs is acyclovir (ACV)*, a nucleoside 
analogue which has shown great promise 
particularly against herpes simplex virus 
(HSV) infection. A wealth of encouraging 
results already exist for animal model 
systems '*, and clinical trials in man are 
now underway in Britain and the US. 

Workers at Burroughs Wellcome first 
showed that two virus specified enzymes 
are involved in the mechanism of action of 
this compound’?!!. Firstly ACV is 
‘activated’ in infected cells by conversion 
to its triphosphate, the initial step in this 
process being carried out by the virus- 
coded enzyme, thymidine kinase (TK). For 
the drug to block the multiplication of the 
virus, the ACV-triphosphate must then 
interact with a second virus-coded enzyme, 
DNA polymerase? '. 

Elion and her colleagues? showed that a 
virus unable to induce thymidine kinase 
was resistant to the drug. It also seemed 
that a second class of resistant virus — one 
with an altered DNA polymerase function 
— was theoretically possible. Investigations 
of resistant viruses generated by passage of 
HSV in the presence of the drug’? suggested 
that resistance could indeed arise in this 
way, although initially it was only observed 
in TK- viruses. Evidence that mutations in 
the DNA polymerase gene of HSV could 
confer resistance to ACV was provided 
independently by Coen and Schaffer '* and 
Schnipper and Crumpacker!’. In both 
cases viruses were investigated in which 
exposure to phosphonoacetic acid (PAA) 
— a compound acting predominantly at 
the level of DNA polymerase!’ — had 
produced PAA resistance. The TK * viruses 
selected for resistance to PAA had also 
frequently acquired resistance to ACV, 
and it was concluded that the most likely 
location for this second ACV-resistance 
locus was the polymerase gene. Both 
groups also observed that selection of 
resistant strains in the presence of ACV 
generally yielded TK-deficient viruses 
although Coen and Schaffer'* described 
one strain which appeared in addition, to 
have acquired resistance at the polymerase 
locus. 

Is ACV resistance likely to become a 
clinical problem in man? To answer this we 
must look at the biological properties of 
resistant viruses. TK- viruses arise readily in 
tissue culture in actively dividing cells 
where TK is a non-essential virus function. 
Evidence is accumulating, however, that 
such viruses are attenuated in animal model 
systems, particularly in their interactions 
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with the nervous systems!®> '77!, This may 
make their establishment in vive unlikely 
and may also explain the lack of reports of 
such isolates from animals undergoing 
treatment with ACV. 

In contrast with the frequent isolation of 
TK-deficient viruses, the change to 
resistance at the DNA polymerase locus 
occurs much less readily'?!*. Since in this 
case the enzyme function is essential for 
virus replication, there must be 
considerable constraints on structural 
alterations. Nevertheless, studies on PAA- 
resistant viruses*? and a TK~, ACV- 
resistant virus’? suggest that these viruses 
may not be attenuated as much as TK- 





*9.(2-Hydroxvethoxymethyl) guanine, aiso 
known as acycloguanosine. 


deficient strains and may therefore be more 
ofa problem. It 1s interesting in this context 
that a study by Hirano ef al. last year? 
revealed that resistant strains of HSV 
isolated from patients treated with 
Idoxuridine were TK* , leading the authors 
to speculate that these were DNA 
polymerase mutants. This contrasts with 
the TK- phenotype commonly associated 
with Idoxuridine resistance generated in 
vilro. 

In the next few months information 
should become available on isolates 
obtained from humans treated with ACV. 
The in vitro work to date suggests that the 
analysis of such isolates will be complex 
and may well reveal unexpected strategies 
emploved by HSV to outwit the nucleoside 
chemist. CI 
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Primeval galaxies and the X-ray 


background 


from Beatrice M. Tinsley 


YOUNG galaxies must have been 
spectacular objects, with very high rates of 
star formation and associated bright 
stars, supernovae, optical nebulosities and 
X-ray sources. Some years ago, 
Partridge and Peebles noted that 
primeval galaxies might be detectable not 
only as individual objects (Astrophys. J. 
147, 868; 1967) but also as a source of 
diffuse background radiation at 
wavelengths from ultraviolet to infrared. 
(Astrophys. J. 148; 1968). The search for 
primeval galaxies began with those papers 
and continuing into the present has 
branched into X-ray astronomy. 

Most of the effort has focussed on indi- 
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vidual primeval galaxies, with optical 
searches for them and theoretical models for 
their properties in all parts of the electro- 
magnetic spectrum, (for a review see 
Sunyaev ef al. Comments Astrophys. 7, 
183; 1978; Meier & Sunyaev Scientific 
American Nov. 1979 and Tinsley Phil. 
Trans. R. Soc. 296, 303; 1980). Galaxies 
have been found in deep counts that have 
much bluer colors and probably higher 
rates of star formation than their nearby 
descendents (Bruzual & Kron Astrophys. 
J. in the press), but it is not know whether 
these are young or luminous enough to 
quality as bona fide primeval galaxies. 
Searching for the integrated background 
light of young galaxies has proved to be an 
extremely difficult task at optical wave- 
lengths because the diffuse extragalactic 
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light is fainter than the zodiacal light and 
probably fainter than scattered starlight in 
our own galaxy. Thus the latest obser- 
vational efforts (Spinrad & Stone, 
Astrophys, J. 226, 609; 1978; Dube ef al. 
Astrophys J. 232, 333, 1979) have 
succeeded only in setting readily under- 
standable upper limits to the integrated 
light of primeval galaxies. 

A new idea is that young galaxies might 
be detectable in the X-ray background — a 
well-established isotropic radiation that 
may or may not be simply a superposition 
of quasars and other known X-ray sources 
(see Rees in Objects of High Redshift LAU 
Symposium 92, ed. Abell & Peebles, 1980). 
Some astronomers have been tempted to 
account for the X-ray background by 
thermal bremsstrahlung from a hot inter- 
galactic medium, perhaps dense enough to 
close the universe, but this is unsatisfactory 
because the energy required to heat the gas 
would be excessively high (Field & 
Perrenod Astrophys. J. 215, 717; 1977). 
However, thermal bremsstrahlung is a 
possibility if the emitting gas is very highly 
clumped, and this is where young galaxies 
enter the picture: two papers by Tanaka 
and Ikeuchi (Prog. Theor. Phys. 62, 393; 
1979) and Bookbinder et al. (Astrophys. J. 
237, 647; 1980) consider the radiation from 
gas heated by supernovae in primeval 
galaxies. The supernovae would heat the 
gas to a temperature of about 100 keV, 
implying that its thermal X-ray emission 
could explain the spectrum of the back- 
ground (at energies of about 2 — 50 keV) if 
most of the active phase of star formation 
in galaxies occurred rather recently in 
cosmic time, at redshifts less than 2. 

The difficult question is whether young 
galaxies can supply enough X-rays to 
account for a significant fraction of the 
background intensity. Bookbinder et ai. 
conclude that they can, but the point is 
debatable. Their i ingenious approach is to 
estimate the X-ray emission of each young 

galaxy by relating its supernova production 
to the mass of metals produced by 
exploding stars; the mass of metals can 
then be estimated in turn from the quantity 
of metal-rich stars now remaining in each 
galaxy. The present luminosities and 
colours of galaxies are the observable 
quantities used to indicate the mass of 
metal-rich stars, and an uncertain factor in 
the calculation is the ratio of this mass to 
total galactic luminosity. Bookbinder et al. 
find that the emitted X-rays are sufficient if 
the mass-to-luminosity ratio is 90 solar 
units. This number is uncomfortably high, 
since, as the authors note, observed mass- 
to-luminosity ratios of the metal-rich parts 
of galaxies are typically about 10. Never- 
theless, Bookbinder etal. feel that, within the 
uncertainties, hot has being driven from 
young galaxies could contribute signfi- 
cantly to the background near 50 keV. 

This would be a very satisfying result, both 
accounting for the X-ray background and 
implying that primeval galaxies have been 
found. It should be noted, however, that 
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the predicted X-ray intensity depends on 
the square of the mass-to-luminosity ratio 
of metal-rich stars, so with the plausible 
value of 10 for that ratio the young galaxies 
contribute only 1% of the X-ray back- 
ground. A similar result was obtained by 
Tanaka and [keuchi (loc. cit.), who scaled 
their result to the mean density of galactic 
Stars in the universe, and found with a 
plausible density that young galaxies 
contributed about 1% of the X-ray back- 
ground at 10 keV. A significantly higher 
contribution would require more 
supernovae in young galaxies than 
estimated by either set of authors, which 
does not seem very likely since Bookbinder 
et al. ’s supernovae even accounted for the 
known metals in intergalactic space. It 
therefore seems most plausible that gas 
heated in young galaxies makes a negligible 
contribution to the X-ray background. 
Primeval galaxies may also be bright in 
X-rays from other sources. For example, 


Noisy chaos 


from N. MacDonald 


IN experiments in hydrodynamics the onset 
of turbulence (see Nature 283, 431; 1980) is 
frequently preceded by a sequence of 
bifurcations from one periodic mode to 
another of doubled period. This has caused 
renewed interest in those mathematical 
models characterised by a similar series of 
solutions with period doubling, followed 
by the onset of non-periodic ‘chaotic’ 
behaviour as some parameter of the model 
is varied. 

Perhaps the best known deterministic 
physical model with a chaotic solution is 
that of Lorenz (Nature 271, 305; 1978) for 
flows in a horizontal layer of liquid across 
which a temperature gradient is 
maintained. In Lorenz’ own calculations 
chaos comes about, as the Rayleigh 
number R is raised, by a sudden transition 
from a simple periodic flow. However, 
Robbins recently has shown 
(S.L.A.M.J. App. Math. 36, 457; 1979) that 
as one lowers R to approach the chaotic 
region from the other direction, there is a 
sequence of bifurcations of this kind. 

In a much simpler category of models 
employing one-dimensional maps (May 
Nature 261, 459; 1976) such as 

X,,,=AX,( - X,) (1) 
the multiple bifurcations are through 
solutions of period 2, 4, ..2N,.. as one 
increases A. The transition values Ay 
accumulate in a regular manner towards a 
limiting value Àc at which a non-periodic 
solution first occurs. Models of this type, 
are commonly used to study the population 
dynamics of insects which have one distinct 
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Bookbinder et ai. consider the possibility 
of large populations of stellar X-ray 
sources, analogous to the famous Cygnus 
X-1 (black hole) system in our own galaxy. 
However, stellar and other possible diffuse 
sources in primeval galaxies probably do 
not contribute a significant part of the 
background, since they could not account 
for its spectrum over a significant energy 
range. 

We seem to be back to the question of 
whether primeval galaxies can ever be 
found. Individual sources may be a more 
promising avenue of discovery than any 
integrated background radiation, because 
they can always be studied further for 
predicted signatures of young galaxies. As 
noted above, some faint blue galaxies have 
been found that are viable candidates for 
very young objects, and it would be most 
exciting to study these in all possible detail, 
including high resolution imagery with me 
coming Space Telescope. s 


generation each year, and one such model 
has recently been applied to populations of 
annual plants (Watkinson J. theor. Biol, 83, 
345; 1980). Difference equations such as (1) 
also have a somewhat subtle connection 
with differential equation models such as 
that of Lorenz. 

There are difficulties in interpreting 
experimental data by means of any purely 
deterministic medel with non-periodic, 
and apparently randomly fluctuating, 
solutions. This is perhaps most readily seen 
when a model such as (1) is used to describe 
population dynamics. The reproductive 
rate A is liable to change from year to year 
because of random environmental influences. 
How can one expecte to unscramble these 
effects from those of deterministic chaos fora 
fixed A? Again, in any physical model with 
such delicately poised dynamics it would be 
wise to allow for the perturbing effects of 
thermal fluctuations by including an 
additional random force term. 

Rather little attention seems to have been 
paid to this difficulty, but in a recent paper 
Crutchfield and Hubermann (Phys. Lett, 
A77, 407, 1980) have studied the equation 

Xu, =, (1 -X + No, (2) 
in which No i is a Gaussian ‘random number 
with zero mean and standard deviation 
o. They have also studied the effect of a 
random force term added to a model of an 
anharmonic oscillater with a periodic 
forcing term. Several authors (Nature 274, 
847; 1978) have studied chaos in 
deterministic medels of this type, and 
Crutchfield amd Hubermann have 
previously showa (Phys. Rev. Lett. 43, 
1743; 1979) tha: fhultiple bifurcations 
occur in their particular version. They have 
characterised the chaotic solutions in 
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terms of a frequency spectrum containing a 
number of strong spikes on top of a broad 
distribution of frequencies. As one moves 
across the chaotic region, away from the 
critical parameter value that ends the period- 
doubling sequence, these spikes merge in 
pairs, simplifying the spectrum. Eventually 
only the broad band remains, the solution 
giving way to a simple periodic solution. 
The authors mention that Lorenz, in 
unpublished work, has established a 
similar structure of the solutions of mode! 
(1). Bs 

The strikingly simple qualitative result 
now obtained by Crutchfield and 
Hubermann is that, both in model (2) and 
in the noisily forced oscillator, the effect of 
the noise term is to remove the later stages 
of the bifurcation sequence of chaotic 
solutions. As the amplitude of the noise 
term is increased, this bifurcation gap 
widens. 


Cystic fibrosis 


from Leighton Dann 

UNTIL a few years ago, the genetic disease 
cystic fibrosis (CF) was considered to be a 
childhood disease as most patients 
succumbed at an early age. With the use of 
modern drugs the prognosis has been much 
improved and patients commonly reach 
adulthood. Thus CF has graduated from 
the paediatric clinic and entered general 
medicine. 

This changing pattern provided the 
focus for much of the 8th International 
Congress on the disease held recently in 
Toronto*, with sessions on progression 
with age, and on genetics, diagnosis and 
screening. 

The basic defect, as yet unidentified, 
primarily affects exocrine glands and so 
various bodily functions are impaired. 
Bronchopulmonary disease remains the 
greatest problem, and successful treatment 
and control of infection is a major goal of 
research. Several delegates discussed 
alternatives to antibiotic therapy, and 
H.V. Reynolds (Yale University New 
Haven) reported the use of immunopro- 
phylaxis. Much of the work has 
concentrated on the bacterium 
Pseudomonas aeroginosa as it is so 
prevalent and so highly pathogenic in CF 
lung infection, particularly in the later stages 
of the disease. Although he showed that 
immunization with a multivalent lipopoly- 
saccharide vaccine boosted existing titres 
of antibodies against the organism in the 
blood, no effect was noted in the lungs of 
patients. As with antibiotic therapies, serum 
values of drugs or antibodies bear little 
relation to local concentrations in the 
lungs. Reynolds felt that although this 
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The authors believe that this result 
should be capable of experimental test in 
situations in which the noise level can be 
controlled. Their anharmonic oscillator 
model was originally devised for 
application to solid state systems where 
anharmonic degrees of freedom can couple 
to a periodic field. Superionic conductors 
are an example of such a system. They are 
(Boyce & Hubermann Phys. Rep. 51, 189; 
1979) solids which display ionic 
conductivities many orders of magnitude 
greater than those of normal salts. They 
can be characterised by the presence of a 
rigid lattice of one type of ion in which 
another type of ion can move freely. The 
diffusion coefficients are very dependent 
on temperature, and for this reason 
Crutchfield and Hubermann suggest that 
superionic conductors may be particularly 
suitable for controlled variation of the 


method of treatment was of no value to the 
patient who is already infected, early 
immunization, before infection with P. 
aeroginosa, might prove beneficial. He 
also suggested that other antigens should 
be studied, for example exotoxin A and 
several high molecular-weight cell wall 
polysaccharides. 

A most promising therapeutic applica- 
tion of the chelating agent EDTA was 
proposed by R.E. Wood (Case Western 
Reserve University, Cleveland). He and his 
colleagues found that incorporation of 
EDTA into the culture medium retarded 
the growth of P. aeroginosa due to 
sequestration of divalent metal ions, 
particularly magnesium. There was also 
marked synergism shown between EDTA 
and many commonly used antibiotics. 
Preliminary experiments on animals show 
that EDTA does not affect mucociliary 
transport at the concentrations needed to 
arrest growth of bacteria and may 
therefore prove safe for use in the human 
lung. 

Another major problem of CF is 
pancreatic insufficiency. Although it may 
be controlled by administration of 
pancreatic extracts, large and often 
increasing amounts must be given as the 
disease progresses. A new form of enzyme 
supplement, Pancrease, (manufactured by 
Johnson & Johnson, Slough, UK) was 
discussed by R. Dinwiddie (Hospital for 
Sick Children, London) A. M. Weber 
(Hospital Ste-Justine, Montreal) and D. J. 
Holsclaw and H. Keith (Hahnemann 
Hospital, Philadelphia). 

Pancrease consists of enteric coated 





«The Conference was held on 26th-30th May 1980 in the Royal 
York Hotel, Toronto and was organized by the Canadian Cystic 
Fibrosis Foundation. 
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microspheres of pancreatic enzymes in a 
gelatin capsule, and passes intact through 
the stomach to the intestine. With this 
mode of administration fat absorption is 
greatly improved and patients have access 
to amore normal diet as well as being able 
to take fewer tablets each day (about 6 
instead of about 30). Similarly, better food 
absorption was reported by D.J. Cameron 
(Hospital for Sick Children, London) and 
E. Rossi (Childrens Hospital, University of 
Berne) if cimetidine is used as an adjunct to 
pancreatic supplements. This drug lowers 
gastric acid output and so higher 
concentrations of enzymes reach the 
intestine intact. 

Early diagnosis is of paramount 
importance for good prognosis, and much 
effort was focussed on newer methods of 
detection, especially those potentially 
amenable to mass screening or to antenatal 
diagnosis. R.B. Ellio (University of 
Auckland) described his test for 
immunoreactive trypsin in newborns. 
Because the pancreatic ducts are blocked, 
trypsin leaks into the blood and is present 
in high concentrations in affected babies. 
Great interest was shown in this test, as it is 
done on dried blood spots and could 
therefore be incorporated into existing 
screening programmes for 
phenylketonuria. . 

J. Lieberman (Veterans Administrations 
Medical Centre, Sepulveda, California) 
described an assay which detects a specific 
igM-binding fructose-specific lectin in CF 
serum. He suggested that this test could 
prove useful in detecting heterozygote 
carriers of the CF gene, as the lectin is 
present in the blood of parents of affected 
children. The connection between this 
lectin and the CF factor (a highly basic 
small protein found in many body fluids) 
remains to be elucidated. 

J.C. Manson (Western General 
Hospital, Edinburgh) reported the 
production of antiserum in mice using CF 
factor isolated from serum by isoelectric 
focusing. Preliminary results with the 
antiserum are highly succesful but its 
availability is limited. This method has 
potential as a screening test for 
homozygotes not only in newborns but also 
antenatally, for amniotic fluid from an 
affected fetus contains CF factor. In 
another approach to antenatal diagnosis, 
reported by L.G. Dann (Queen Charlotte’s 
Hospital, London), an arginine esterase 
assay is used on cultured amniotic fluid 
cells. However lack of suitable samples is 
hampering validation of the method. 

While delegates were optimistic that the 
outlook for patients with CF would 
continue to improve, it was clear that a 
better understanding of the disease and in 
particular, the basic defect, was needed 
before CF became truly a treatable disease. 
The work in progress presented at the 
congress encourage the hope that by the 
time of the next congress, in Britain in 
1984, much of this will have been achieved. 
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Free calcium in heart muscle at rest and 
during contraction measured — 
with Ca’’ -sensitive microelectrodes 


Eduardo Marban, Timothy J. Rink*, Richard W. Tsien & Roger Y. Tsien” 


Department of Physiology, Yale University School of Medicine, New Haven, Connecticut 065 10 
* Physiological Laboratory, University of Cambridge, Cambridge CB2 3EG, UK 


Direct measurements of free Ca?” in heart cells are needed for an understanding of the regulaticn of contractility. We 
developed and used Ca°* -sensitive microelectrodes with fine tips, stable properties and ample sensitivity to free Ca” in the 
sub-micromolar range. In quiescent ventricular muscle, measurements which passed tests for electrode sealing and cell 
viability gave a mean free Ca** concentration of 0.26 uM. During contractures, we recorded Ca“” transients rising as high 
as 10 uM. In studying the effects of catecholamines on free Ca?” and force, we found evidence that adrenaline can reduce 


myofibrillar Ca** sensitivity in intact heart muscle. 





ALTHOUGH it is widely believed that a rise in intracellular 
calcium activates contraction in heart muscle, the level of free 
Ca** at rest or during activity remains quantitatively uncertain. 
The strength of contraction can be widely varied by ions, 
hormones or drugs. It is often not clear, however, whether such 
inotropic agents act by changing the amount of activator Ca” or 
by modifying the Ca’*-responsiveness of the contractile 
machinery, Direct measurements of free Ca?” in cardiac muscle 
are obviously desirable. Recently, the Ca°*-sensitive photo- 
protein aequorin has been used to record Ca? -related signals 
from various cardiac preparations’. The technique is well 
suited for monitoring changes in Ca** during twitch contrac- 
tions, and has already provided much useful information about 
inotropic effects. However, as the investigators are careful to 
point out, the method has certain limitations. The light signals 
do not easily give absolute values of free Ca** because of various 
uncertainties, including interference from intracellular Meg** or 
H*. A large number of cells must be injected with aequorin, 
resting levels can apparently not be detected, and light signals 
during twitches must be signal-averaged to overcome noise. 
Ca**-sensitive microelectrodes*® offer another approach with 
different advantages and limitations, which may complement 
optical techniques using aequorin or other Ca**-indicators. In 
the first attempts at applying Ca**-electrodes to cardiac tissue, 
investigators’ used sheep Purkinje fibres because the cells in 
this preparation are large enough (40-50 um diameter) to 
tolerate electrode tip diameters of =1 pm. To be useful in the 
smaller cells of working heart muscle itself (10-15 um 
diameter), Ca**-electrodes must have tips of sub-micrometre 
size, while retaining stable properties and ample resolution 
down to 10°’ M free Ca®* or lower. These requirements are 
fulfilled by the Ca**-sensitive microelectrodes which we have 
made with a new Ca**-sensor. The electrodes enabled us to 
measure intracellular free Ca** in ventricular muscle, both at 
rest and during contractures. 

UOnbranched papillary muscles, 0.4-0.8 mm in diameter and 
2-4 mm long, were isolated from right ventricles of 8—12-week- 
old ferrets (Mustela putorius furo). Ferrets were chosen because 
their hearts usually contain two or more robust preparations 
with suitable geometry for force measurements’. Muscles were 
placed in a chamber for superfusion with oxygenated Tyrode 
solution containing (inmM): 150NaCl, 4 KCI, 1.8 CaCh, 
0.5 MgCl, 5 glucose and 10 Tris HCI buffer ( pH 7.2-7.4). The 
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preparation was mounted with one end fixed and the other end 
attached to a force transducer. To reduce movements which 
would tend to dislodge the electrodes, the muscle was carefully 
positioned on a pedestal, with resting length well below that 
giving peak developed twitch force. Suitable high input 
impedance electrometers (WP Instruments) recorded signals 
from the Ca**-sensitive microelectrode (Vein) and a con- 
ventional microelectrode filled with 3 M KCI (Va). Bath poten- 
tial was defined as zero for both electrodes; the bath was earthed 
by an agar bridge containing 3 M KCL The preparation was first 
penetrated by the conventional microe.ectrode, usually during 
continuous stimulation of twitch contractions. After a stable Va 
impalement had been obtained, stimulation was discontinued 
and the preparation was impaled by the Ca°*-electrode at a 
second site several cell lengths away from the Vn impalement. 
Vecar, Vm and their difference { Vese — Va = Vay) were recorded 
along with contractile force on a chart recorder and a magnetic 
tape recorder. Var is a measure of free Ca™ inside the cell. 


Electrode construction and characteristics 
Micropipettes were pulled from thin-walled, borosilicate tubing 
to a size that gave resistances of 8-12 M0 if filled with 3 M KCI. 
The pipettes were baked dry at 200°C, siliconized with tri- 
butylchlorosilane vapour, and back-filled under pressure with 
the pCa 7 buffer solution described in Fig. 1 legend. The elec- 
trodes were then bevelled until the resistance dropped to about 
40% of the original value, giving a saarp tip with an outer 
diameter of about 0.5 pum. Next, a 10-50-um column of the 
Ca**-sensor, dissolved in tetrahydrofuran, was sucked into the 
tip of the electrode. This sensor, a modification of the 
polyvinylchloride (PVC) macroelectrode membrane of 
Ammann et al.'", consisted of 10% (w/w) neutral Ca?” -ligand, 
N,N’ - di(11 - ethoxycarbonyl)undecyl - N,N’,4,5 - tetramethyl- 
3,6-dioxaoctane-1,8-diamide, 8% tetraphenylarsonium 
tetrakis (p-biphenylyl)borate, 10% PVC and 72% (o-nitro- 
phenyljoctyl-ether. The tetrahydrofuran, used to reduce 
viscosity, evaporated away in a few minutes, leaving a PVC gel 
impregnated with the other sensor components in the tip of the 
electrode. 

This new PVC-gelled sensor offers vwaripus advantages over 
previous Ca°*-sensitive microelectrode compositions. (1) 
Mechanical stability is much improved over liquid sensors: the 
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Fig. 1 Calibration plots for a Ca?*-electrode with a bevelled tip of outer 
diameter ~0.5 um. a, Calibration recording taken after a 5-h impalement of 
a ventricular cell. The e.m.f. of the Ca?*-electrode was measured against a 
3 M KC] reference electrode. The different test solutions are designated by 
their pCa values except for the initial solution which was the Tyrode solution 
containing 1.8 mM Ca**. The pCa 3 solution had 1 mM CaCl, 98 mM KCI 
and 10mM K-MOPS, pH7.3. The pCa4, 5, 6, 7 and 8 solutions had 
10 mM Ca-ligand (NTA, NTA, HEEDTA, EGTA, and EGTA, respec- 
tively), 5 mM CaCl, 90 mM KCI, 10 mM H* buffer (MOPS, Tris, HEPES, 
MOPS and HEPES) titrated with KOH to pH 7.39, 8.42, 7.70, 7.29 and 
7.80. The ‘pCa 00’ solution had 10 mM EGTA, no added Ca?* and pH 7.6. 
The ‘pCa 6 (10 Nay and ‘pCa 7 (10 Na)’ solutions were the pCa6 and 7 
solutions to which 10 mM NaCl were added. ‘+0.1 pA’ denotes current 
pulses to test the electrode resistance, ~7 x 10'°. During the solution 
changes, the electrometer was switched into a standby mode for a few 
seconds. This was responsible for the electronic artefacts, a sharp downward 
spike followed by linear negative drift. b, Plot of the collected data from four 
calibration series including those shown in a, first descending, then ascending 
Ca?* concentrations, before and after impalement. The potentials, Vait 
were read off the calibration recordings just before the next solution change. 
The zero of the scale was defined as the potential in 1.8 mM Ca** Tyrode in 
the first calibration run. The height of the symbols shows the full range 
(+1.5 mV) of potentials recorded in each buffer during the four calibrations. 
The dashed line indicates the theoretical (Nernst) slope, 29.5 mV per pCa 
unit at 24°C. 


PVC gel very seldom backs up or escapes from the tip. (2) 
Electrode response is increased at low Ca?” levels, giving greater 
resolution between 10°°M and 107’ M free Ca** than pre- 
viously achieved in fine microelectrodes suitable for use in small 
cells. (3) Electrode lifetime and stability are greatly increased. 
_These electrodes retain their responsiveness over periods of 
“8-36 h. Use of the electrodes is often limited not by ageing, but 
rather by blunting of the tip with repeated penetrations. 

The performance of the electrodes at low Ca** showed quan- 
titative variations even when they were constructed in similar 
fashion from the same batch of sensor. Therefore, each elec- 
trode was individually tested by exposing it to a series of 
calibrating solutions (see Fig. 1 legend), following a procedure 
described elsewhere'!. The calibrating solutions are designated 
by their free Ca?” concentration, [Ca**], given in units of pCa 


(=~—log,)[Ca’*}). This convention was chosen instead of a 
Debye-Hiickel activity scale so as to conform with (1) chemical 
measurements of Ca**-chelator dissociation constants'*, which 
are given in units of concentration, and (2) previous studies using 
aequorin or skinned fibres. The pCa scale can be readily con- 
verted into —log,) (Ca** activity) on a Debye-Hiickel scale by 
adding a constant correction. This is possible because the KCl in 
the calibrating solutions keeps the Ca** activity coefficient 
nearly constant for [Ca**]<1 mM. If, for example, one uses a 
Ca** activity coefficient of 0.36 (see refs 10, 13), our pCa7 
solution would be assigned a value of 7.44 for -logio (Ca? 
activity). 

Figure 1 shows the calibration of a fine, bevelled, PVC-sensor 
electrode. The response is nernstian down to 10~° M, with some 
24mV between 10°° and 107 M, and 10 mV below 107, 
against a background of ~125 mM K*. This is the best per- 
formance yet reported for a Ca** electrode with a sub-micro- 
metre tip. At low Ca** levels, the electrodes have a small 
response to intracellular levels of Na” (refs 14-16). Figure 1a 
shows that 10 mM Na* increases the electrode potential by 
1 mV at pCa6 and 4mV at pCa7, so at intracellular resting 
Ca** levels, Na* interference needs to be taken into account. As 
with previous neutral ligand Ca** sensors'''’, interference from 
Mg” and H* can be neglected. Even in Ca**-free solutions 
containing EGTA, increasing free Mg** from 0 to 5 mM (higher 
than estimated intracellular levels'**”) produces only 1-3 mV 
increase in electrode potential, and changing pH from 7.6 to 6.6 
gives only 0-2 mV. At higher Ca** levels, 20.1 uM, interfering 
cations have even less effect. The influence of temperature must 
also be considered, as the calibrations were normally done at 
room temperature whereas the experiments were carried out at 
35-37 °C. In separate experiments, calibrations were made at 
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Fig.2 Measurements.of intracellular free Ca** and tests of their validity. a, 
Ca?* -electrode signal ( Vean) during impalement of a ferret papillary muscle. 
b, Vea, during withdrawal of the same electrode after 3h continuous 
intracellular recording. c. Common-mode rejection test in another prep- 
ration, using K*-depolarization below the contractile threshold as a test 
signal. In this panel and subsequent ones, Vanl = Vea ™ Vm) iS given on an 
absolute vertical scale, but the vertical positions of the Vean and Va traces 
are arbitrary. At the beginning of c, Voge = ~200 mV and Vp = ~92 mV. d, 
Ca, elevation test in a third preparation. At beginning of record, Voip = 
—196 mV and Va = 81 mV. 
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Table | Free Ca** concentration in unstimulated muscles 


Ca** 
electrode Penetration 

Preparation no. no. Test(s) pCa 
Y22-2 26 3 18Ca, 30K 6.3 
Y24-3 8 2 18Ca 6.7 
| 4 18Ca 6.4 
Y25-3L | 17 1 18Ca 6.6 
: Z 18Ca, 16K 6.4 
19a l 18Ca 6.5 
4 18Ca, 16K 7.9 
Y26-1 at) i 18Ca 6.7 
AB i 18Ca 6.9 
Y29-1 a: 1 18Ca, 30K 6.6 
E 6 18Ca, 30K 6.5 
Y30-1 - 19b. 2 30K 6.5 


Mean <s.e.m. 6.59 + 0.06 





Intracellular pCa values were determined by comparing Vyg levels, taken while 
muscles were bathed in 1.8 mM Ca**, 4mM K* Tyrode solution, with electrode 
calibrations, carried out immediately after withdrawal from the muscle. Impale- 
ments satisfied quantitative criteria described in the text for electrode stability, 
sealing-in and cell viability. During tests of common-mode rejection using 16 or 
30 mM Ko (A Vaig/AV,,) ranged between 0.98 and 1.07. 


both 21 and 37 °C, using Ca** buffer compositions adjusted for 
temperature according to data from ref. 12. Raising the 
temperature merely scaled the response of the electromotive 
force (e.m.f.) by the ratio of absolute temperatures, in accord 
with the Nernst equation. For values of e.m.f. obtained in resting 
cells, the temperature correction amounts to about 3 mV, 
opposite and approximately equal to the magnitude of the 
sodium correction. The response time of the electrodes is many 
seconds at micromolar levels of Ca**, so they are not expected to 
follow transients during single twitches. Attention was therefore 
focused on ‘resting’ levels and slow changes during maintained 
contractures. 


Intracellular measurements in resting muscles 


Figure 2 illustrates electrode recordings during penetration and 
withdrawal, along with some tests of the validity of intracellular 
measurements. Figure 2a shows Vcaex during impalement of a 
cell with a Ca**-sensitive microelectrode. Vcaz undergoes a 
rapid negative deflection due in part to the membrane potential, 
and a slower negative-going change which can be attributed to 
sealing-in of the electrode and its sluggish response at low free 
Ca**. Figure 2b shows Vecar during withdrawal of the Ca?” 
electrode after a continuous 3-h impalement. The main point is 
the comparison between steady e.m.f.s measured at the begin- 
ning and end of the intracellular recording. The steady levels 
measured in the tissue agree extremely well, as do the levels in 
the external solution, indicating the absence of significant d.c. 
drift. 

If (Vcaz— Vm) is to be taken as a measure of intracellular free 
Ca**, it is necessary to consider the seal around the tip of the 
Ca** electrode and the viability of the impaled cell. Two types of 
test were applied to screen out defective impalements. One test 
uses changes in external potassium concentration (K,) to vary 
the membrane potential over the range below contractile 
threshold. If the Ca’*-electrode records from a cell which 
retains its normal resting potential, it should respond to a 
moderate elevation of K, with a voltage change (A Vear) which 
closely matches the depolarization measured elsewhere in the 
preparation by the conventional microelectrode (A Va). This is 
the case in Fig. 2c during a depolarization produced by 
30 mM K.. The quality of the common-mode rejection is also 
evident on the Vas trace, which remains quite steady. 
Measurement of contractile force (T) confirmed that this level of 
depolarization was insufficient to activate tension. 

In another test of impalement quality, the extracellular cal- 
cium concentration (Ca,) was elevated, as shown in Fig. 2d. If 
the seal around the electrode tip was poor, or if the cell was 
otherwise damaged, one would expect a large Vc, signal, as was 
sometimes seen. If, on the other hand, the tip was well sealed 
within a viable cell, one would expect only a modest change in 
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Var. In the experiment illustrated in Fig. 2d, a 10-fold increase 
of Ca, produced little change in Vm and only a small positive- 
going deflection in Vecas. The maximal change in Vag was4mV, 
corresponding to ApCa=0.22, but there was no measurable 
development of force. : 
In these experiments and others, measurements of free Ca** 
in unstimulated muscles were examined according to various 
criteria to decide whether or not the impalements were accept- 
able. (1) Electrode stability was assessed in each case by 
comparing pre-impalement and post-impalement calibrations. 
The measurement was rejected unless the responses to pCa 6 
agreed to within 10 mV. (2) The quality of the seal around the 
Ca**-electrode tip and the viability of the impaled cell were 
checked by one or both of the following tests. First, exposure to 
18 mM Ca, (as in Fig. 2c): measurements were rejected if Vas 
changed by more than 10 mV. Second, exposure to 16 or 30 mM 
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Fig. 3 Changes in free Ca?” and force in response to a series of zero Na” 
challenges during continuous Voas and V,, impalements. a, Exposure to 
0 Na(choline) in the presence of 4 mM Ko. Va was ~92 mV at beginning of 
record. b, 0 Na(choline) exposure in the presence of 30 mM K,. Va WES 
~48mV at beginning of record. c, Exposure to 0 Na(choline}, 25 mM 
caffeine in the presence of 30 mM K,,. K, was reduceal from 30 to 4. mM and 
later restored to 30 mM as a test of whether both electrodes would respond 
equally to an imposed membrane potential change. Exposure to nominally 
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Fig.4 Effect of isoprenaline (3 pM) on Ca** and force signals produced by 
Na* withdrawal in the presence of 30 mM K, Relative to control (a), Ca?“ 
and force transients were both attenuated by the catecholamine (b) and 
showed partial recovery towards their original amplitudes when a third 
0 Na(choline) challenge was applied 25 min after removing the drug (records 
not shown). Records in a are taken from the same run as those in Fig. 3b. 


K, (see Fig. 2d): measurements were rejected if A Vecar and A Vm 
differed by more than 10%. From a large number of attempts, 
12 measurements were considered acceptable by these criteria 
(Table 1). The average resting level in pCa units was 6.59 + 0.06 
(mean+ts.e.m.), or 0.26 uM. In the same series of measure- 
ments, the average resting potential in 4 mM K, was —84.7+ 
1.7mV. 


Calcium transients during contractures 


How does the free Ca** in unstimulated muscles compare with 
the level needed to activate the contractile proteins? One 
indication comes from the above-mentioned test of raising 
extracellular Ca?” from 1.8 to 18 mM. Although any resulting 
large rises in intracellular Ca** were discarded due to the 
likelihood that gross penetration damage had occurred, small 
increases (as in Fig. 2c) were nevertheless observed even in five 
runs where independent tests with 16 or 30 mM K, indicated 
good electrode sealing (Table 1). In those runs, raising extracel- 
lular Ca** 10-fold gave a peak increase of 1.2-2.6-fold in 
intracellular Ca’*, but no measurable force ever developed. This 
suggests that resting levels were safely below the threshold for 
Ca**-activated force development in the conditions of our 
experiments. Such a conclusion may not hold at longer 
sarcomere lengths, corresponding to the peak of the length- 
tension relationship? 7, where the myofibrils are known to be 
more sensitive to Ca** (refs 23, 24). 

The relationship between free Ca** and force was studied 
further during sodium-removal contractures. Figure 3 shows 
records from a continuous Ca**-electrode impalement illustrat- 
ing the responses to progressively stronger contracture chal- 
lenges. Figure 3a shows the effect of replacing extracellular Na“ 
with choline in the presence of 4 mM K.. Here, Na” removal 
elicited an apparent 40% rise in free Ca**, but only a barely 
detectable increase in force. (Because the presumed fall in 
intracellular Na* would have depressed Var by 1 to 2 millivolts, 
the true rise in Ca? would have been slightly more than 40%). 
In Fig. 3b the stimulus for increasing intracellular Ca** was 
strengthened by partially depolarizing the preparation with 
30 mM K, before Na” removal, a procedure known to enhance 
Na*-free contractures. In this case, the intracellular Ca** rose to 
a peak of almost 1 pM. (1 uM Ca” is high enough for changes in 
intracellular Na* to have a negligible effect on the electrodes.) 
Finally, in Fig. 3c, the contracture challenge was further aug- 
mented by including 25 mM caffeine in the Na*-free solution. 
This produced a much larger force transient, and a Ca” signal 
which reached a peak of 10 pM. To demonstrate that the Vecar 
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signal was not due to dislodgment of the Ca’* electrode, K, was 
changed. Both Voas and Vm display similar hyperpolarizations 
during reduction of K, from 30 to 4mM, as well as the cor- 
responding subsequent depolarization when 30 mM K, was 
restored. The quality of the common-mode rejection, seen at 
higher amplification on Var, argues that the Ca” -electrode 
remained well sealed within a viable cell. The three parts of the 
experiment demonstrate the feasibility of recording both small 
and large calcium transients during varying degrees of contrac- 
tile activation. 


Relaxant effects of catecholamines 


The advantages of the Ca°*-electrode approach encouraged us 
to study the regulatory effects of catecholamines on excitation— 
contraction coupling. Stimulation of 8-adrenoreceptors by 
adrenaline or isoprenaline not only increases developed force 
during a twitch (the positive inotropic effect) but also abbre- 
viates the twitch and accelerates relaxation. These ‘relaxant 
effects’ (refs 25-29) are important in allowing adequate time for 
diastolic filling when the heart rate increases, as with exercise, A 
closely related relaxant phenomenon can be seen during 
contractures when exposure to adrenaline or isoprenaline 
reduces the force evoked by K*-induced depolarization?” or 
Na* withdrawal., Two possible mechanisms involving cyclic 
AMP”*** have been suggested by studies of subcellular frac- 
tions or of skinned or hyperpermeable preparations. First, cyclic 
AMP may increase Ca** uptake by the sarcoplasmic retic- 
ulum*'*? and, second, it may decrease the Ca?” sensitivity of the 
myofibrils by promoting phosphorylation of a regulatory protein 
such as troponin-I°**°. Contracture experiments with Ca’*- 
electrodes offer the possibility of seeing whether either or both 
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Fig. 5 Effect of adrenaline on Ca?” and force signals evoked by caffeine- 
containing contracture solution. Horizontal bars indicate period of super- 
fusion with 0 Na(choline), 18 mM Ca, 25 mM caffeine. 30 mM K, present 
throughout. a, Control; $, 10 pM adrenaline (7 min). Contracture force 
returned to within 25% of control when the challenge was repeated after 
20 min superfusion with adrenaline-free solution containing l pM pro- 
pranolol but the Ca**-electrode was unfortunately dislodged by the 
contracture. The force records are unusually noisy in this figure because a 
force transducer with low sensitivity and low compliance was used in the 
hope of minimizing preparation movement. 
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mechanisms operate in intact cardiac muscle. Figure 4 shows 
Ca** and force signals during Na* -withdrawal contractures: Fig. 
4a is the response to Na*-free solution before drug treatment, 
and Fig. 4b is the response in the presence of 3 pM isoprenaline. 
Both the force transient and the Ca?” transient were reduced by 
the catecholamine (and showed partial recovery when the drug 
was removed). Similar results were obtained in an experiment 
using 10 uM isoprenaline. Because the Ca** transients, as well 
as force, were attentuated, these observations are consistent 
with enhancement of Ca** uptake by the sarcoplasmic reticulum 
as the predominant relaxing mechanism, although other possi- 
bilities are not excluded. 
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Fig.6 Caicium requirements for cardiac myofibrillar activation, taken from 
published work on skinned or hyperpermeable preparations of mammalian 
cardiac muscle. All data have been adjusted along the horizontal axis so that 
recalculated pCa values conform with Ca-EGTA binding constants given in 
ref. 12. The same binding constants were used in preparing calibration 
buffers for the Ca’*-electrodes'' and give log (effective stability constant for 
Ca-EGTA at pH 7.0) = 6.42. This value is in close agreement with the value 
(6.40) determined by Allen et al.*?. ©, Solaro et al.*3, Fig. 3, triangles. O, 
Fabiato and Fabiato**, Fig. 7, inverted triangles. o , Kerrick and Donald- 
son**, Fig. 1, filled triangles, C], Endo and Kitizawa*®, Fig. 7. Y, McClellan 
and Winegrad®’, Fig. 9, open circles. A, Hibberd and Jewell”, Fig. 1, filled 
circles. The arrow denotes the mean pCa (6.59+ 0.06) in quiescent myo- 
cardium as determined in this study. 


Any reduction of myofibrillar Ca** sensitivity could best be 
seen if the Ca*” transient were not reduced. To this end, caffeine 
was included in the contracture solution to inhibit Ca?* uptake 
by the sarcoplasmic reticulum and promote net release’. As 
Fig. 5a, b illustrates, adrenaline treatment actually increased the 
Ca** transient during a 0 Na*/18 Ca’*/25 caffeine challenge. 
However, the contracture force was reduced, as expected if the 
contractile machinery were less responsive to a given level of 
Ca’*. This result was confirmed in each of two additional 
experiments using 10 uM adrenaline. These observations pro- 
vide evidence that adrenergic regulation of myofibrillar Ca?* 
sensitivity, first proposed on the basis of biochemical studies, can 
indeed occur in intact cardiac muscle. 


Discussion 


Our experiments show that Ca**-sensitive microelectrodes can 
be made sharp enough and selective enough to measure free 
Ca?” inside relatively small mammalian cells. The bevelled tips 
of these electrodes are sufficiently fine for impalements to be 
maintained with no greater difficulty than those of ordinary 
voltage-recording microelectrodes, despite the strong contrac- 
tility of cardiac ventricular muscle. The nearly logarithmic 
response of the Ca**-electrode to free Ca?” makes it possible to 
quantify intracellular Ca** levels both at rest and during 
contraction, with only slight interference from other ions. Limi- 
tations of this technique include the rather slow speed of 
response at the low intracellular Ca** levels, and the require- 
ment for simultaneous measurement of membrane potential. 
Also, a Ca**-electrode takes a point sample which could be 
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unrepresentative of Ca** concentrations elsewhere. Gradients 
inside one small ventricular cell are unlikely to persist over the 
time scale examined in the present work, but we have seen 
marked variations in the pattern of Ca™ responses in different 
cells in the same papillary muscle. Thus. it is not surprising that 
the tension recorded from the whole mascle often fails to track 
the Ca?* transient, which was always measured in a single 
superficial cell. When studying modifications of contractile 
responses, we have assumed that physiological or phar- 
macological interventions have qualitatively similar effects on 
all the cells. 

Our mean resting level of free Ca”, 0.26 uM (pCa 6.59) in 
ferret ventricular muscle, is somewhat lewer than that reported 
by Coray et al.’ 0.36 uM in sheep myocardium, but higher than 
results of Uhm ef al.”, 0.12 pM in rabbit ventricular muscle. 
Over the critical range 0.1-1.0 uM free Ca**, the liquid sensor 
electrodes of those workers had a smaller response (5-9 mV)**" 
than the PVC-gelled electrodes of the present study (18- 
24 mV), so that any small errors in estimates of the membrane 
potential or of interference from other ions would have less 
influence on our values for pCa. Although the present 
measurements are not limited by electrode sensitivity to Ca**, 


all microelectrode recordings are susceptible to artefacts from 


impalement damage. We have accepted only those measure- 
ments which passed above-mentioned criteria for good elec- 
trode sealing and cell viability, but some residual perturbation 
by penetration damage cannot be excluded. 

It is interesting to compare Ca?” levels measured in intact 
fibres with levels which produce tension in ‘skinned’ or “hyper- 
permeable’ mammalian ventricular preparations, where Ca- 
EGTA buffers are applied directly to the contractile apparatus. 
Figure 6 shows pCa-tension relationships from six published 
reports, adjusted for a standardized Ca~EGTA dissociation 
constant. Our resting value of pCa 6.59 ‘vertical arrow) is at, or 
in most cases well below, the appareat threshold for Ca°*- 
activated force. Moreover, the peak Ca*~ readings in the series 
of challenges shown in Fig. 3 are pCa 6.3, 6.1 and 5.0. Reading 
off from the main cluster of pCa-tension relationships for skin- 
ned fibres, we would expect barely detectable, small and near- 
maximal tensions, respectively, and indeed, the observed peak 
tensions were ~0, 9 and 240 mg. This agreement should be 
viewed with caution because of the microelectrode sampling 
problem discussed above and because skinned fibre pCa-tension 
relationships can be markedly influenced by temperature“, 
solution composition’, sarcomere leagth™™™ and perhaps, 
method of skinning and source of tissue. The effects of adrener- 
gic compounds on Ca** transients and contractures were also 
in qualitative agreement with resalts from subcellular 
fractions??? or hyperpermeable preparations”. Working 
with intact muscle, we found evidence that catecholamines may 
modify myofibrillar Ca** sensitivity aná reduce peak Ca’* eli- 
cited by sodium removal. These results illustrate how Ca** 
electrodes could be useful in future studies on the regulation of 
cardiac contractility. 

This work was supported by the USPHS and the SRC. TIR. 
received travel grants from the Royal Society and Wellcome 
Trust. We thank Professor W. Simon fer (o-nitrophenyljoctyi- 
ether and Drs C. J. Cohen, W. K. Chaneller and R. C. Thomas 
for helpful comments. 








Note added in proof: Lee, Uhm and Dresdner” have just 
described Ca**-electrode measurements in rabbit ventricular 
muscle. Their Cař* values incorporate a calculated activity 
coefficient of 0.32 and are based or an effective stability 
constant for Ca-EGTA of 10°’°M™' at pH7.0 rather than 
10°** M~! as in our work. Multiplication by 6.84 corrects their 
data to our units of free Ca?” concentration and brings their 
value of 38 nM Ca’”* activity in resting cells to 260 nM free Ca** 
concentration, in fortuitously exact agreement with our results. 
O'Doherty et al. have recently reported another sensor 
composition which appears to have comparable performance to 
the mixture used here. 
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Deletion of immunoglobulin heavy 
chain genes from expressed allelic chromosome 


Yoshio Yaoita* & Tasuku Honjo” 
Department of Physiological Chemistry and Nutrition, Faculty of Medicine, University of Tokyo, Tokyo 113, Japan 





We have studied the organization of immunoglobulin heavy-chain genes in a y2b-chain (BALB/c allotype)- 
producing myeloma BKC F, #15 induced in a F; mouse between C57BL and BALB/c. Southern blot hybridization 
studies using cloned u, y1 and y2b-chain genes as probes demonstrate that the u- and yl-chain genes of the expressed 
chromosome are deleted while these genes of the unexpressed chromosome are retained. The y2b-chain gene of the expressed 
allele is rearranged while that gene of the unexpressed allele seems unchanged, as do the yZa-chain genes. These results 


support the allelic deletion mechanism in heavy-chain class switch and the order of H chain genes. 





DREYER and Bennett’ proposed a model that a variable region 
(V) and a constant region (C) of the immunoglobulin poly- 
peptide chain are encoded by two separate genes in the 
germ-line, which are eventually brought together by somatic 
recombination. Recent isolation and characterization of 
immunoglobulin light (L)- and heavy (H)-chain genes have 
convincingly borne out the predictions of the Dreyer—Bennett 
hypothesis’ '', Analyses of L-chain genes have demonstrated 
that the V-C recombination takes place between a germ-line V, 
gene and a J, region that is a few thousand nucleotides away 
from the C, gene'*’*. It is believed that the intervening 
sequence separating the J and C genes is removed at the RNA 
level by splicing’*. 

Possible mechanisms have been proposed to account for the 
V-C recombination, which can be classified into deletion, copy- 
insertion, excision-insertion and inversion models'*'’. A model 
for the immunoglobulin gene organization and reorganization 
should explain such unique phenomena known in lymphocytes 
as allelic exclusion and class switch. In a given lymphocyte a Cy 
gene of one allele is expressed and that of the other allele is 
suppressed (allelic exclusion). A Vy-region sequence is suc- 
cessively joined with different Cy-region sequences during 
differentiation of a lymphocyte (class switch). 

Previously we showed that the copy numbers of the specific 
Cy genes in myeloma DNA were reduced depending on the class 
or subclass of the Cy gene expressed in the myeloma”. Our data 
indicate that the DNA segment located between a Vy, gene and 
the Cy gene expressed is excised out of the chromosome to 
recombine the two genes. Such recombination seemed to occur 
only on one of the two allelic chromosomes. We have also 
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proposed that H-chain genes are aligned on one chromosome in 
the order: Vy genes, unknown spacer, u, y3, y1, y2b, y2aand a 
(ref. 20). Such alignment, together with successive deletion, can 
explain the class-switch phenomenon. This model is called the 
allelic deletion model. The deletion of Cu genes, in accord with 
the above order of the Cu genes, was recently confirmed by 
Rabbitts et al”. The deletion of the DNA segment located 
between two adjoining sequences was also confirmed in the 
«-type L-chain gene by Sakano et al.”. 

Elsewhere we have reported cloning of the rearranged y1- 
chain gene from a yl chain-producing myeloma MC 101 and 
compared its structure with H-chain genes cloned from newborn 
mouse DNA”. Such analyses indicate that the rearranged y1- 
chain gene contains at its 5’ flanking region a newly introduced 
segment that was located originally at the 5’ flanking region of 
the z-chain gene in newborn mouse DNA. The recombination 
site is not the putative J region but a novel region called S region. 
These results are in agreement with the prediction of the 
deletion model, although they do not necessarily prove the 
model. 

In this report we describe direct evidence that the deletion of 
the specific H-chain genes takes place only on the expressed 
chromosome using a myeloma induced in a F, mouse between 
C57BL and BALB/c which have different allotypes in the 
H-chain C regions. 


Probes and restriction maps of the u-, yl- 
and y2b-chain genes 


We have already cloned the EcoRI fragments containing the 
yi-, y2b and u-chain genes from newborn mouse DNA and 
determined their nucleotide sequences**?”***. We used the 
1.2-kilobase pair HindIII] fragment of the cloned -chain gene, 
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Fig. 1 Restriction enzyme cleavage sites around the u-, yl- and 
y2b-chain genes. DNA is displayed from left to right with the 
direction of transcription. Narrower rectangles show the cloned 
DNA fragments. Wider rectangles show locations of structural 
genes. DNA fragments used for probes are indicated by horizontal 
bars below the restriction maps. u-chain gene probe, 1.2-kilobase 
pair HindIII fragment that contains the CH3 and CH4 domains of 
the -chain gene clone*'; y1-chain probe, 6.6-kilobase pair EcoRI 
fragment containing the y1l-chain gene”; y2b-chain gene probe a, 
1.35-kilobase pair, BamHI fragment (5° fragment) of the y2b- 
chain gene clone**; y2b-chain gene probe b, 6.6-kilobase pair 
EcoRI fragment containing the y2b-chain gene”. 


the cloned EcoRI fragment (6.6 kilobase pairs) of the y1-chain 
gene, the cloned y2b-chain gene and the 1.35-kilobase pair 
BamHI fragment of the cloned y2b-chain gene as probes for 
hybridization (Fig. 1). Although the whole y2b-chain gene clone 
(y2b probe b) has extensive homology with the y2a-chain 
gene™7, the 1.35-kilobase pair BamHI fragment (y2b probe 
a), which corresponds to the 5' fragment of the cloned y2b-chain 
gene, does not cross-hybridize with the y2a-chain gene under 
the stringent washing conditions used in the present study. 
Detailed maps of restriction endonuclease cleavage sites within 
these clones have been determined*** **. We have determined 
the restriction sites of BglII adjacent to the cloned yl-chain 
gene fragment by digestion of mouse DNA with several 
combinations of two restriction enzymes, followed by Southern 
blot hybridization of the restriction DNA fragments. Similarly, 
we have determined the restriction sites of Bgl I adjacent to the 
cloned y2b-chain gene fragment and the sites of BamHI and 
BglII adjacent to the cloned u-chain gene fragment. These 
restriction sites were confirmed by Southern blot hybridization 
using the 5’ or 3' fragment of the cloned DNA as a probe. Figure 
1 summarizes the results of these analyses and the known sites of 
restriction endonucleases used in the present study. The frag- 
ments used for probes are also shown. 


Allelic deletion of the u- and y1-chain genes 


To prove the deletion of the C,, gene from one chromosome, it is 
essential to distinguish the Cu genes on different chromosomes. 
BALB/c and C57BL mice have different allotypes in H-chain C 
regions’*, suggesting that their Cu genes may have different 
nucleotide sequences. We _ searched for restriction 
endonucleases that produce the C,,-gene fragments of different 
lengths between BALB/c and C57BL alleles. Among restric- 
tion endonucleases tested (Pvull, BamHI, EcoRI, HindIII, 
Smal, Pstl, KpnI, Xbal BglII) we found that BglII can dis- 
tinguish the yl-chain genes of BALB/c and C57BL alleles. As 
for the y2b-chain gene, we have tested Xhol, Aval, Sall, Xbal. 
Bglll, BamHI, BstEII and Bgl, and found that Xhol or Bell 


digestion produces different y2b-chain gene fragments between 
BALB/c and C57BL DNAs. The p-chain genes of CS7BL and 
BALB/c alleles were distinguished by digestion with Xbal, 
EcoRI or Kpnl, while digestion with BamHI or Bgl Il did not 
distinguish the two alleles. 

Only a few myelomas are available, which were induced in the 
F, mouse between BALB/c and C57BL (ref. 27). BKC F, #15, 
that produces the y2b-chain protein with the BALB/c allotype, 
is suitable for our purpose since the allelic deletion model 
predicts the deletion of the yl- and -chain genes from the 
BALB/c chromosome of this myeloma. 

When BALB/c and C57BL DNAs were digested with Xbal, 
blotted and hybridized with the u-chaim probe, they produced 
the 4.8 and 2.8-kilobase pair bands, respectively (Fig. 2a, lanes | 
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Fig.2 Hybridization of mouse liver and F; myeloma DNAs with 
the -chain gene probe. Myeloma BKC F, # 15, (kindly supplied 
by Dr M. Potter) was propagated in Fẹ mice between female 
BALB/c and male C57BL/6. BKC F, # 1£ was induced in F; mice 
between C57BL and BALB/c and shown to produce IgG2b (ref. 
27). The allotype of the BKC F, # 15 protein was determined to be 
BALB/c type by Drs K. Hayakawa and K. Okumura in Prof. T. 
Tada’s laboratory (University of Tokyo). Mouse livers or myeloma 
tumours were homogenized in 50 mM Tris-HCI ( pH 8.0), 10 mM 
EDTA, 0.15 M NaCl with a Potter-Elvehe:m homogenizer at 0 °C. 
Sodium dodecylsulphate to 0.3% and MaClO, to 0.5M were 
added to a whole homogenate. The homogenate was extracted with 
0.5 vol. each of water-saturated phenol and a chloroform—isoamy| 
alcohol mixture (24:1), The water phase was separated by centri- 
fugation, dialysed against 0.1 x SSC (0.015 M NaC}, 0.0015 M Na 
citrate) for 24 h digested with RNase (100 pg ml‘) in a dialysis bag 
for 24h at room temperature and then extracted with phenol. 
After dialysis against 0.1 x SSC for 48 h, 1 27 g of CsCl was added 
to 1 ml of the water phase. After centrifugation at 30,000 r.p.m. for 
48h, fractions with high viscosity were collected and dialysed 
against 0.1 x SSC for 48 h. DNAs (5 yg each) were digested with a, 
Xbal or b, EcoRI, electrophoresed in 0.5% agarose gels (Sigma 
type I) and transferred to nitrocellulose filters (Schleicher and 
Schuell) according to the method of Southern**. DNA fixed on 
filters was hybridized with the u-chain gene probe as described 
previously". The probe DNA was labelled with [a-*’P]TTP 
(Amersham) by nick translation®*. The specific activity of the 
probe was 200 c.p.m. pg `. After hybridization, filters were rinsed 
with 2 x SSC and then washed in 0.1 SSC plus 0.1% SDS (four 
times) for 40 min each at 67 °C. Filters were finally rinsed with 
2 x SSC, dried and exposed to X-ray film using a DuPont Cronex 
lightening plus intensifier screen at —80 °C. Origins of DNA used 
are: lanes 1, BALB/c liver; lanes 2, C57BL/6 liver; lanes 3, F, 
mouse liver; lanes 4, BKC F, #15 myeloma. 
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and 2). BKC F, #15 DNA, when digested with Xbal, yielded 
only the -chain gene fragment of the C57BL allele while F, 
mouse DNA contained the u-chain gene fragments of both 
BALB/c and C57BL alleles (Fig. 2a, lanes 3 and 4), Faint bands 
larger than 6 kilobase pairs are due to contamination of other 
HindIII fragments of the u-chain gene clone to the 1.2-kilobase 
pair HindIII fragment used as a probe (see Fig. 1) because these 
faint bands disappeared when the recloned 1.2-kilobase pair 
HindIII fragment was used as a probe. It is worth noting that a 
faint band (at 6.1 kilobase pairs) of the BALB/c chromosome is 
also absent from the F, myeloma DNA. The u-chain gene of the 
C57BL allele in BKC F, # 15 appeared to be unchanged at its 3’ 
distal region since DNAs of C57BL and BKC F, # 15 produced 
identical -chain gene fragments of 12- and 8.5-kilobase pairs 
when digested with BamHI and Bg! II, respectively (ref. 28 and 
see Fig. 1). However, the 5’ region flanking the u«-chain gene of 
the CS7BL allele in BKC F, #15 is rearranged because the 
-chain gene fragment (9.8-kilobase pairs) in EcoRI-digested 
BKC F, #15 DNA was smaller than the band (14-kilobase 
pairs) observed in EcoRI-digested CS7BL DNA (Fig. 2b, lanes 2 
and 4). 

BALB/c and CS7BL DNAs, when digested with Bg/II, yiel- 
ded the y1-chain gene fragments of 18- and 14.5-kilobase pairs, 
respectively (Fig. 3, lanes 1 and 2). Naturally, F,-mouse DNA 
contained the yl-chain gene fragments derived from both 
BALB/c and CS57BL alleles. It is evident that BKC F, #15 
DNA has lost the yl-chain gene of the BALB/c allele (the 
18-kilobase pair band), whereas the gene on the C57BL allele 
(the 14.5-kilobase pair band) seems to remain intact (Fig. 3, 
lane 4). 
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Fig.3 Hybridization of mouse liver and F; myeloma DNAs with 

the yl-chain gene probe. DNAs (30 ug each ) were digested with 

BglII and hybridized,as described in the legend to Fig. 2 with the 

(a-**P]}-labelled yl-chain gene probe. Origins of DNA used are: 

lane 1, BALB/c liver; lane 2, CS7BL/6 liver; lane 3, F} mouse 
liver; lane 4, BKC F, #15 myeloma. 
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Table 1 Restriction fragments of immunoglobulin H-chain genes in 
mouse liver and myeloma 
TE E 
Origin of DNA Size of restriction DNA fragments (kilobase pairs) 


u yl y2b y2a 
(Xbal) (Bell) (Bell) (EcoRI) 
BALB/c liver 4.8 18.0 7.5 23.0 
C57BL liver 2.8 14.5 9.5 23.0 
F, liver 4.8+2.8 18+14.5 = = 
BKC F, #15 2.8 14.5 9.5 and 6.5 23.0 





The results of Figs 2—4 are summarized. Restriction enzymes used are 
shown in parentheses. 


Rearrangement of the y2b-chain gene of the 
expressed allele 


The y2b-chain gene in BKC F,#15 DNA was analysed by 
digestion with Bgl I and Southern blot hybridization using the 5' 
fragment of the cloned y2b-chain gene (y2b probe a) as a probe. 
As shown in Fig. 4 (lanes 1 and 2), Bgl I digestion of BALB/c 
and C57BL DNAs produced the fragments of 7.5- and 9.5- 
kilobase pairs respectively, which hybridized with the y2b chain 
probe a. BKC F, #15 DNA, when digested with Bg/I, yielded 
the y2b-chain gene fragments of 6.5- and 9.5-kilobase pairs 
(Fig. 4a, lane 4). The results indicate that the 5’ region of the 
y2b-chain gene on the BALB/c allele was rearranged, while 
that gene on the C57BL allele seems to remain unchanged in 
BKC F, #15 DNA. However, we do not exclude the possibility 
that the y2b-chain gene on the CS7BL allele may have under- 
gone some rearrangements which we did not detect. We also 
found that the 3’ region flanking to the y2b-chain gene of the 
BALB/c allele is rearranged in BKC F,#15 DNA when the 
3'-portion probe of the y2b-chain gene was used”. 


Presence of the y2a-chain genes 


Both BALB/c and C57BL DNAs, when digested with EcoRI, 
produced the 6.6- and 23-kilobase pair fragments hybridizing to 
the y2b-gene probe b which cross-hybridizes with the y2a-chain 
gene (Fig. 4b, lanes 1 and 2). The 6.6-kilobase pair fragment 
corresponds to the cloned y2b-chain gene and the 23-kilobase 
pair fragment was identified as the y2a-chain gene fragment’’. 
F,-mouse and BKC F, # 15 DNA contained the y2a-chain gene 
fragment (23-kilobase pairs) (Fig. 4b, lanes 3 and 4). The 
y2a-chain gene seems to be intact in BKC F, #15 although we 
cannot exclude the possibility that the y2a-chain gene contains 
an undetected rearrangement. 


Organization of immunoglobulin H-chain 
genes in BKC F; #15 myeloma 


Restriction DNA fragments of the u-, y1-, y2b- and y2a-chain 
genes in BALB/c mice, CS7BL mice, F, mice and BKC F, #15 
myeloma are listed in Table 1. It is evident that BKC F, # 15 has 
lost the u- and y1-chain genes of the BALB/c chromosome and 
contains the rearranged y2b-chain gene of the BALB/c 
chromosome. This myeloma contains the u-, y1- and y2b-chain 
genes of the C57BL chromosome. BKC F, #15 contains the 
y2a-chain gene although we did not distinguish two alleles. 
These results are in agreement with the prediction of the allelic 
deletion model. Nevertheless, we found an unexpected re- 
arrangement at the 5’ region flanking the y-chain gene of the 
C57BL chromosome that is unexpressed in BKC F, #15. The 
two chromosomes of BKC F, #15 are schematically represen- 
ted in Fig. 5. 


Unexpected rearrangements in BKC F, #15 


Although the deletion profile of Cu genes in BKC F, #15 DNA 
is as predicted by the allelic deletion model, we found two 
unexpected rearrangements in BKC F, #DNA,; one in the 5 
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region flanking the y-chain gene of the unexpressed 
chromosome (Fig. 2b, lane 4) and the other in the 3’ region 
flanking to the y2b-chain gene of the expressed chromosome” 

It is possible that rearrangement in the 5' region flanking the 
y-chain gene of the CS7BL allele is related to the mechanism to 
suppress the H chain genes on the C57BL chromosome. It may 
be relevant to this assumption that the 5S’ region flanking the 

ye-chain gene is proposed to contain the putative J region and the 
5 region that is important to class-switch recombination”? 

It is difficult to understand why the rearrangement in the y 
region flanking the y2b-chain gene of the expressed 
chromosome is necessary to express the y2b-chain gene. It may 
be possible that the 3’ rearrangement of the Cy gene takes place 
so that the class switch stops at this particular gene. Otherwise, a 
Vu gene together with a J region moves farther down to a Cy 
gene remaining at the 3’ side of the expressed gene. 


Deletion of Cy genes in other myelomas 


Rabbitts et al.’ reported that Cu genes, which are located 5’ to 
the expressed Cy gene, are absent from both chromosomes in 
several myelomas induced in BALB/c mice. We also observed 
similar deletion from both chromosomes and found that the 
expressed Cu genes are rearranged in different manners 
between homologous chromosomes in these myelomas**. The 
results may suggest that Cu gene deletion, which accompanies 
the rearrangement of the expressed Cu genes, takes place 
successively, but not simultaneously, in the allelic chromosomes. 
Several forms of rearranged x-type L-chain genes were isolated 
from «-chain-producing myelomas”””*”. 


a 124 b | 


23 4 


Fragment length (kilobase pairs) 


Fig.4 Hybridization of mouse liver and F; myeloma DNAs with 

the y2b-chain gene probes. DNAs were digested with a, Bg/I or b, 

EcoRI, and hybridized as described in the legend to Fig. 2 with 

la 2p). labelled probes indicated. The y2b probes a and b were 

used in a and b respectively. Origins of DNA used are: lanes 1, 

BALB/c liver; lanes 2, CS57BL/6 liver; lanes 3, F, mouse liver: 
lanes 4, BKC F, #15 myeloma. 
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Fig. 5 Schematic representation of Cy genes in BKC F; #15. 
Each line shows one chromosome derived from each parent, The 
order of Cy, genes is as proposed before*’. Open and closed 
rectangles indicate ‘intact’ and deleted genes, respectively. (The 
word ‘intact’ simply means that the change is not detected in the 
present study.) Circles indicate rearranged genes. The y3-chain 
gene, which was not determined in the present study, is assumed to 
be deleted from the BALB/c chromosome and indicated by a 
dotted rectangle. 





However, we cannot exclude the possibility that such re- 
arrangements could be secondary mutations in myelomas. We 
are quite aware of the fact that chromosomal anomalies are 
rather frequent in myeloma cells*’. Nonetheless, the perfect 
agreement of the Cy-gene deletion proñle (the order and allelic 
chromosome) with the prediction of the allelic deletion model is 
something more than accidental coincidence. Seidman and 
Leder® reported that only one member of an allelic pair of 
L-chain genes is rearranged in «-chain-producing myelomas, 
MOPC 149 and MOPC 41. Studies on differentiated B 
lymphocytes are necessary to determine whether or not the case 
of BKC F, #15 is universal and directly applicable to normal 
lymphocytes. 
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Many specific sites in Drosophila chromatin are hypersensitive to DNase I. The positions of such sites were mapped along 
the regions of the genome coding for two heat shock proteins. Such sites lie at the 5’ ends of heat shock genes and may 
function as elements for recognition by molecules which regulate gene activity. 


EUKARYOTIC DNA is packaged as chromatin, a complex of 
protein and DNA within the cell nucleus (see ref. 1 for review). 
How might this compaction affect the expression of genetic 
information? Recently, in a study of the chromatin structure at 
specific regions in the Drosophila genome, we reported that 
certain localized sites were exquisitely sensitive to the nucleoly- 
tic enzyme DNase I (ref. 2). By digesting native chromatin gently 
with DNase I, electrophoresing the DNA on agarose gels and 
visualizing specific regions by hybridization with a cloned 
probe, we could show that each of five Drosophila loci dis- 
played a unique set of preferred cleavages’. This preference did 
not appear on naked DNA, nor in the cleavage pattern of the 
entire genome’. Here, I map such DNase I-sensitive sites near 
the genes for two heat-inducible polypeptides in Drosophila 
melanogaster. 


Mapping DNase I-sensitive sites 


I mapped the positions of DNase I-sensitive sites by a novel 
indirect end-labelling technique that displays the partial diges- 
tion products. After gentle treatment of chromatin in nuclei with 
DNase I, the purified DNA is cleaved completely with a rarely 
cutting restriction enzyme, electrophoresed and blotted on to 
nitrocellulose in a typical Southern transfer’. The blot is then 
probed with a short cloned **P-labelled DNA segment that 
abuts a chosen restriction cut; the lengths of the labelled sub- 
fragments greater than the probe length define the distance 
between the restriction cut and the partial DNase I cuts. 

This technique was applied to the genes for two heat shock 
proteins in D. melanogaster (Oregon R) embryos and in cultured 
cells [Schneider line 2 (ref. 4)] derived from such embryos. In 
Drosophila, an elevation in temperature from 25°C to near 
37 °C rapidly activates a small number of specific genes, and 
sharply reduces pre-existing gene activity (see ref. 5 for review). 
Cytologically, new puff sites appear in the salivary gland poly- 
tene chromosomes®’. The heat-induced messenger RNAs 
direct the synthesis of new polypeptides, the heat shock pro- 
teins’”’*, present in all tissues tested as well as in some cell lines. 

The most abundant heat-induced product is a 70,000 molec- 
ular weight heat shock protein, hsp 70. There are five copies of 
the uninterrupted 2.2-kilobase pair hsp 70 coding sequence, two 
at the cytogenetic locus 87A and three at 87C (refs 15-25). The 
five copies of the coding region and an adjoining 0-3-kilobase 
pair 5’-noncoding region are closely conserved; however, the 
sequences near the 5’ terminus diverge somewhat between the 
genes at the two loci, reflected in characteristic restriction site 
differences*’**. At 87A, the two genes lie head to head, an 
inverted repeat around a central spacer”. At 87C, a single hsp 
70 gene lies at a distafice, not yet determined, from an array of 
two (or three, in a variant) tandem copies organized in a direct 
repeat’??? 
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Figure la shows the partial DNase I cuts in Schneider cell 
chromatin upstream from the internal Bam site common to all 
five hsp 70 gene copies; the fragmentation pattern is aligned 
following the left to right, 5' to 3’ convention. The Bam digest 
alone, on purified DNA, is shown in Fig. 1a, lane 2, Fragments 
obtained in low yield in this and subsequent similar digests are 
due either to cross-reaction with partially homologous 
sequences’ or to polymorphism in the organization of the 
sequences adjacent to the hsp 70 coding region. (Populational 
polymorphism in these cultured cells is not surprising. Schneider 
initiated the line with explants from several hundred embryos’; 
the subcultures used here have to my knowledge never been 
cloned.) Increasing extents of partial DNase I cleavage on 
chromatin (Fig. la, lanes 3-5) reveal preferred cuts at two 
adjacent sites which span about 150 and 90 base pairs, flanking 
and extending through the 5' end of the hsp 70 coding region. 
The control DNase I cleavage on naked DNA reveals a 
fairly uniform fragmentation pattern (Fig. la, lanes 7, 8). 
Although some sequence specificity”® can be seen, this effect is 
minor (see also Fig. 4 of ref. 2). Hypersensitivity to DNase I 
must, therefore, primarily be a function of chromatin 
structure. 

To show that no sensitive regions lie near the internal Bam 
site, I mapped the cuts upstream from an internal Sal site close 
to the hsp 70 3’ end (Fig. 16, lane 2). Consistent with the 
previous Bam map, preferred cuts are localized at the 5’ end of 
the hsp 70 coding region, overlapping the Sal restriction cut 
characteristic of the two genes at locus 87A. A number of 
preferred cuts are also observed upstream from the 5‘ regions for 
the gene copies at locus 87C. Some of these sites may map to the 
region at 87C containing repeated sequences responsible for the 
heat-induced, nontranslated RNA of unknown function'’”’’. 
The locations of the 5’ ends of these RNAs have not been 
determined. 

Downstream from the internal Bam site (Fig. 2), no sensitivity 
in the hsp 70 coding sequence can be detected near the common 
3’ Sal site, but other sensitive sites are found past the hsp 70 
messenger sequence (Fig. 2, lane 4). As two (or in a variant, 
three) of the hsp 70 gene copies at 87C are organized in a direct 
repeat??? the 5’ sensitivity in a distal gene copy would map 
downstream from its preceding partner (2.0-2.1 kilobase pairs 
from the internal Bam site, expected from the tandem hsp 70 
map in ref. 21). No known genes occur near the two other 
sensitive sites. Only three out of five Bam fragments are selec- 
tively lost on DNase I digestion (Fig. 2, lane 5), so two hsp 70 
gene copies must lack preferred cleavages downstream from 
their 3’ ends for at least 1 and 3 kilobase pairs, respectively. The 
minor DNase I cleavages which characteristically occur very 
close to the 5’ sensitive regions (Figs 1-3) coincide with positions 
of micrococcal nuclease cleavage (data not shown), and might 
reflect sensitivity of the linker regions between specifically 
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placed nucleosomes’ adjacent to the hypersensitive sites (see 
below). 


5' Sensitivity for individual hsp 70 genes 


Are the 5’ sensitive regions common to all gene copies of hsp 70? 
I exploited the restriction site differences between the genes at 
87A and 87C to display selectively locus-specific DNase I cuts. 
By digesting with both Sal and Bgil in the experiment shown in 
Fig. 3a, all fragments from 87A can be of no greater length than 
the 1.7-kilobase pair Sa/-Bgil segment. Thus, any longer partial 
fragments must be from 8&7C. Figure 3a, lanes 2-4, show that the 
5' sensitive sites are present for the three gene copies at 87C. It is 
likely that this sensitivity is a sum of three individual contribu- 


Fig. 1 Autoradiograms 
showing the partial DNase I 
cuts in Schneider cell a 
chromatin upstream from 
the internal Bam site (a) 
and the 3' Sal site (b) 
common to all hsp 70 gene 
copies. a, Nuclei were 
purified from Drosophila 
Schneider line 2 tissue 
culture cells as described 
elsewhere’, except that the 
final centrifugal spin was 
through 1.5 M sucrose. The 
nuclear pellet was rinsed 
once before resuspension at 
about 3x 10* nuclei per ml 
in digestion buffer? (60 mM 
KCI, 15 mM NaCl, 15 mM 
Tris-HCl, pH 7.4, 0.5mM 1kb 
dithiothreitol, 0.25 M 
sucrose, 3mM MgCl, 
0.05 mM CaCl,). Various 
amounts of DNase | 
(Worthington) were added 
to aliquots of nuclei and 
digestion proceeded for h 
3 min at 25 °C. The reaction “ 2 
was terminated by the 
addition of EDTA and SDS 
to 12.5mM and 0.5%, 
respectively, and the DNA 
was purified by immediate 
organic extractions. RNA 
was removed by RNase A 
and T1 digestion, the 
RNases by proteinase 
K digestion and the 
protease by repeated 
Organic extractions as 
described in ref. 2. The 
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tions; otherwise, some of the 87C restriction fragments should 
be disproportionately retained on DNase I cleavage (Fig. 3, 
lane 4). 

Similarly, digesting with Pst (Fig. 3b) ensures that all hsp 70 
fragments from 87C can be of no greater length than the 
1.1-kilobase pair Pst fragment. Thus, any longer partial frag- 
ments must be from 87A. The preferred cuts about 1.3 kilobase 
pairs upstream from the reference Pst site (Fig. 3b, lane 3) 
indicate 5' sensitivity for the two hsp 70 gene copies at 87A. 
Both must possess a 5’ sensitive site, from the identical rates at 
which the two smallest Bam fragments disappear on DNase | 
digestion in Fig. 1a (these two fragments are specifically reduced 
by a Bam plus Bgil digest not shown, to the 0.8-kilobase pair 
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DNA was precipitated in ethanol and redissolved at a concentration of 1 or 2 mg ml“ in 10 mM Tris-HCI pH 7.4, 5 mM NaCl and 1 mM EDTA. Secondary BamHI! 
restriction digestions were carried out according to manufacturer's directions (New England Biolabs). The digestions were terminated as above, and the DNA 
samples in 10% glycerol, 5% Ficoll and marker dyes were electrophoresed on a 1.3% agarose gel, 30 cm long, in a Tris-acetate buffer system*’. The upper half of the 
gel containing the large DNA fragments was immersed in 0.1 M HC! for 15 min to facilitate transfer of the DNA out of the agarose gel“. The DNA was denatured, 
neutralized and blotted on to nitrocellulose essentially according to Southern’. The nitrocellulose filter was rinsed in 9 x SSC (1 x SSC 6 0.15 M NaCl, 0.015 M Na 
citrate, pH 7.0), 0.9 M NH, acetate, dried and baked under vacuum for 3 h at 75 °C. The filter was presoaked in 5x Denhardt's solution*’ (1x Denhardt's solution is 
0.02% Ficoll, 0.02% bovine serum albumin, 0.02% polyvinylpyrollidone), 5 x SSC, 50 mM Na phosphate, pH 7.0, and 0.25 mg ml” ' denatured salmon sperm DNA 
for 8 h at 67 °C and hybridized for 8 h at 67 °C in a slit chamber to plasmid pPW232.1 (ref. 17), labelled with °P by nick translation as described elsewhere? to a 
specific activity of about 1 x 10" d.p.m. per ug DNA. The hybridization mixture contained 5x Denhardt's solution, 5 x SSC, 20 mM Na phosphate pH 7.0, 0.5 mem!” 
denatured salmon sperm DNA, 0.1% SDS and 10% dextran sulphate to accelerate the hybridization reaction**, and about 0.3 ug labelled plasmid DNA per 40 ml 
hybridization solution. After hybridization, the filter was washed twice in 5x Denhardt's solution, 3 x SSC, 25 mM Na phosphate pH 7.0, 0.25% SDS and at least 
thrice in 0.1 x SSC, 0.1% SDS, each round for 20-30 min at 67 °C. Autoradiography was on Kodak XR5 film. For later blots, the background noise could be reduced 
by doubling the concentration of Denhardt's solution at all stages and similarly for SDS in the primary wash. pPW232.1 (ref. 17), the cloned probe segment, is 
homologous to the 1.1-kilobase pair (kb) Pst fragment in Fig. 3 representing approximately the 5’ half of the hsp 70 coding region, indicated on the restriction map by 
the open bar. The lanes indicate: 1, marker DNA fragments from pBR322 (ref. 44), cut with PstI; Hinfl; Pstl/ Sall; Pstl/ EcoRI; Pstl/ Aval. and other recombinant 
plasmid fragments homologous to pBR322 sized at 9.0, 15.5 and 22 kilobase pairs. On a gel of this agarose content (1.3%), a linear relationship between log fragment 
length and mobility is obtained in the region bounded by the 0.75- and 3.61-kilobase pair markers; the resolution is about 30 base pairs for fragments not 
overexposed, 2, Bam digest on Schneider cell DNA, purified directly from whole cells. An identical pattern is observed with purified DNA from isolated nuclei 
incubated in digestion buffer without DNase I. 3-5, Partial DNase I digests on chromatin at a final DNase I concentration of 1, 2 and 4 units ml ', respectively. Only 
the major regions of preferential DNase I cleavage are indicated by the arrows on the hsp 70 restriction map, aligned beneath the autoradiogram. The filled bars 
directly under the arrows indicate the measured span of hypersensitivity, taken from the lines drawn on the autoradiogram adjacent to lane 4.6, Bam plus Xho digest 
on Schneider cell DNA. The reaction did not go to completion. 7, 8, Partial DNase I digests on naked DNA. DNA at 0.4 mg ml was digested with DNase | at 0.1 and 
0.3 units ml~', respectively, for 1 min at 25 °C before secondary Bam cleavage. These two digestion points were picked from a series for purposes of comparison 
against the chromatin digests in lanes 4 and 5 because of their approximately equivalent overall extents of DNase I cleavage, monitored by gel electrophoresis and 
ethidium bromide staining after DNase I cleavage (data not shown). b, See legend to a fora description of materials and methods. Sad was used for the secondary 
cleavage; the DNA fragments were sized on a 1.2% agarose gel; pPW229.1 (ref. 17), the cloned probe, is homologous to the Bam-Sal fragment representing 
approximately the 3’ half of the hsp 70 coding region. The lanes indicate: 1, Sal digest on Schneider cell DNA. The 2.24-kilobase pair Sa/ fragment is due to the hsp 70 
gene copies at 87A. 2, Partial DNase I digest on chromatin, as in a, lane 4. The hsp 70 gene copies at 87A are reduced to the 2.24-kilobase pair Sal fragment or shorter 
fragments, so all longer fragments must be due to DNase I cleavage upstream from the hsp 70 coding regions at 87C. The more prominently cdeaved sites are indicated 
by the arrows over the restriction map at about 3.0, 3.8, 4.7, 6.1 and 8.0 kilobase pairs from the 3’ sal site. Interestingly, the preferred cuts about 3 kilobase pairs 
upstream from the 3’ Sal reference site map to a common region of homology upstream from the hsp 70 coding region; what Moran et al.™ refer to as the x element 


See text for discussion of the other sensitive sites. 
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DNase I digestion. From densitometry of these fragments in lanes 2 and 5, they 


Fig. 2 Autoradiogram 
the partial DNase I cuts in 
Schneider cell chromatin down- 
stream from the central Bam site 
common to all hsp 70 gene copies. 
BamHI was used for the secondary 
cleavage; the DNA fragments were 
sized on a 1.3% agarose gel; 
pPW229.1 (ref. 17) was the labelled 
probe, The lanes indicate: 1, 8, 
Marker DNA fragments. 2, Bam 
digest on Schneider cell DNA. 3-5, 
Partial DNase I digests on chroma- 
tin at a final DNase I concentration 
of 1, 2 and 4 units mi~’, respec- 
tively. The hypersensitive sites in 
lane 4 are indicated by arrows over 
their mapped positions on the hsp 
70 restriction map at about 1.2, 2.1 
and 3.1 kilobase pairs from the 
central Bam site. The second and 
fifth largest Bam fragments seen in 
lane 5 are not selectively lost on 
are about half as sensitive to DNase I as the other three Bam fragments (data not 
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shown). See text for discussion. 6, 7, Partial DNase I digests on naked DNA, as in Fig. la, lanes 7, 8. 


fragment characteristic of the 87A hsp 70 sequences). In sum- 
mary, the data indicate that a 5’ sensitive structure is present for 
most or all of the hsp 70 gene copies. 


The other set of preferred DNase I cuts in Fig. 35, lane 3, is 


likely to be wholly a result of the inversely repeated arrange- 
ment’ of the hsp 70 genes at 87A. Its interpretation is compli- 
cated by the variable length of the spacer region between these 
two genes”, reflected in the Pst restriction pattern. Assuming 
that the 2.6-2.9-kilobase pair fragments are derived from the 
most abundant variant Pst segment, their display would be 
accounted for by the probe reacting with partial DNase I 
fragments from both ends of this 4.0-kilobase pair Pst segment. 
The two slightly longer and more sharply defined minor daugh- 
ter fragments remain mysterious; they may be due partly to local 
DNase I sequence preference, shown in the control naked DNA 
digest (Fig. 34, lane 5). 
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DNase I sensitivity of the active hsp 70 
sequences 


The 5' sensitivity described so far is present before induction. 
Figure 4a shows the state of hsp 70 chromatin before and after 
15 min of heat shock at 35 °C. Essentially the whole of the active 
hsp 70 coding sequence becomes sensitive to DNase 1”, but with 
a magnitude less than the 5’ sensitivity, which is still partially 
retained (Fig. 4c, lanes 4, 6). Curiously, some of the normally 
sensitive sites upstream from the hsp 70 5’ ends seem to lose 
definition with heat shock. 

Asacontrol, the DNA blot shown in Fig. 4a was immediately 
reprobed with another cloned segment not related to the heat 
shock genes, pDm4 (ref. 29), locus 62F ; the previous label was 
not removed. Densitometry (Fig. 4c), of the resulting blot in Fig. 
4h shows that all hsp 70 restriction fragments are selectively 


Fig. 3 a, Autoradiogram show- 
ing 87C locus-specific DNase | 
cuts in Schneider cell chromatin 
upstream from the hsp 70 3' Sal 
site. Sall and Bell were used for 
the secondary cleavage; the DNA 
fragments were sized on a 1.2% 
agarose gel; pPW229.1 (ref. 17) 
was the labelled probe. The lanes 
indicate: 1, Marker DNA frag- 
ments. 6, Sal plus Bell digest on 
Schneider cell DNA. 2-4, Partial 
DNase I digests on chromatin 
from two separate experiments, 
using a final DNase I concen- 
tration of 8 units ml” ', and 2 and 4 
units ml‘, respectively. 5, Partial 
DNase I digest on naked DNA, as 
in Fig. la, lane 7. b, Autoradio- 
gram showing 87A locus-specific 
DNase I cuts in Schneider cell 
chromating upstream from a 
central Pst site in the hsp 70 
coding region. PstI was used for 
secondary cleavage; the DNA 
fragments were sized on a 1.3% 
agarose gel, and pPW232.1 (ref. 
17) was the labelled probe. Only 
the restriction map for the 4.0- 
kilobase pair Pst fragment is 
shown, redrawn from the map of 
clone 122, from ref. 25. See text 
for discussion. The lanes indicate: 
1, Marker DNA fragments. 2, Pst 
digest on Schneider cell DNA. 3, 
4, Partial DNase I digests on 
chromatin at a final DNase I 
concentration of 2 and 4 units 
mi~', respectively. 5, Partial 
DNase I digest on naked DNA, as 
in Fig. la, lane 7. 
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Fig. 4 a, Autoradiogram showing the state of 
hsp 70 chromatin before and after heat shock 
induction. Sall and Bgll were used for secon- a 
dary cleavage; the DNA fragments were sized in x 
a 0.8% agarose gel, and pPW229.1 (ref. 17) was 
the labelled probe. The lanes indicate: 1, 
Marker DNA fragments. 2, Sal plus Bgll digest 
on Schneider cell DNA. DNA from heat- 
induced cells gave an identical pattern (data not 
shown). 3, 5, Partial DNase I digests on unin- 
duced Schneider cell chromatin at a final DNase 
I concentration of 6 and 8 units ml~', respec- 
tively. 4, 6, Partial DNase I digests on chromatin 
in Schneider cells heat shocked at 35°C for 
15min, as described elsewhere**. The two 
digestion points (final DNase I concentrations of 
2 and 4 units ml~*, respectively) were chosenout fy | 
of a series for comparison against those in lanes 
3 and 5 because of their close equivalence to the 
latter in overall extents of DNase I cleavage. 
They were monitored by gel electrophoresis and 
ethidium bromide staining (data not shown) and 
by reprobing this DNA blot with a cloned 
Drosophila DNA segment not involved in the 
heat shock response (see b). b, Autoradiogram 
showing the state of the chromatin at sequences 
homologous to pDm4 (ref. 29) before and after 
heat shock induction. The DNA blot in a was 


+ Nw WD 


hsp 70 


nA UN 


immediately reprobed with labelled pDm4 ? 


without removal of the previous label. See 
legend to a for key to the lanes. Both pDm4- 
and pPW299.1-specific fragments are dis- 
played. The most prominent fragments labelled 
by pDm4 are indicated by asterisks. ¢, A densi- 
tometric scan of lanes 5 and 6 in b. The ratios of 
the peak heights between normal (norm) and 
heat shocked (hs) conditions for the pPW229. 1- 
and two pDm4-specific fragments are schema- 
tically displayed over the scan. 


digested after heat shock, whereas the pDm4 fragments are not. 
This indicates that most or all of the five gene copies of hsp 70 
are in the active chromatin conformation, consistent with the 
finding that transcription occurs at both 87A and 87C loci after 
heat shock'”*. 


Hsp 83 chromatin 


The sequences for the 83,000 dalton heat shock protein, hsp 83, 
reside at the cytogenetic locus 63BC (ref. 24). From a Sal 
restriction site within the single-copy coding sequence”, partial 
DNase I cleavages upstream and downstream in a region 
extending about 40 kilobase pairs were mapped (Fig. 5a, b). A 
cluster of preferred cuts lie about 2.3-3.2 kilobase pairs 
upstream from the internal Sa/ site, and two clusters are ob- 
served starting from about 1.8 kilobase pairs downstream. No 
preferred cuts lie near the internal Sa/ site (data not shown). 
Holmgren and Meselson (manuscript in preparation) have 
recently mapped the 5' terminus of a precursor to the hsp 83 
mRNA to about 160 base pairs downstream from the EcoRI site 
indicated in Fig. 5. Thus, a DNase I-hypersensitive region 
overlaps or is very near the sequences complementary to the 5’ 
end of this RNA. No known genes occur at the clusters of 
preferred cuts downstream from the hsp 83 sequence. A low 
level of hsp 83 RNA is produced in normal conditions in 
Schneider cells (R. Holmgren and M. Meselson, in preparation). 
This would account for the slight sensitivity to DNase I shown by 
sequences homologous to RNA in Fig. 5. Previous single DNase 
I digests at this locus show that at 35 °C these sequences become 
more DNase I sensitive”. 








— 





Nucleosome arrangement near DNase 
I-sensitive regions 

The basic structural unit of eukaryotic chromatin is the 
nucleosome, composed of about 200 base pairs of DNA, of 
which 140 base pairs is wrapped around a core of histones (see 
ref. 1 for review). Analysis of the nucleosome organization of 
the hsp 70 genes has been complicated by the multiplicity of the 
gene copies. In Fig. 6, I map the partial micrococcal nuclease 
cuts upstream from the Sal site in the single-copy hsp 83 coding 
region; this nuclease preferentially cleaves the linker or spacer 
DNA between nucleosome cores. 

The specific cuts made by micrococcal nuclease in chromatin 
(Fig. 6, lanes 2-5) reveal a striking degree of order in 
nucleosomal arrangement, in spite of the sequence specificity 
shown by the enzyme on naked DNA’® (Fig. 6, lanes 7-9). Each 
of the three DNase I-hypersensitive sites near the 5’ end of the 
gene for hsp 83 is flanked by distinctive micrococcal nuclease 
cuts. The relative intensity and 10(—110-base pair interval 
between the flanking cuts suggest a deviant structure at these 
regions. Further upstream, eight specific cuts are evident, 
beyond which nonlinear mobility of ‘he DNA fragments and 
special sensitivity of some sequences make interpretation of the 
pattern difficult. However, the data show sufficiently that those 
eight nucleosomes are positioned specifically on the DNA**** 
(but see ref. 36), and furthermore, that she spacing between 
adjacent nucleosome cores is irregular (suggested from previous 
general studies; see ref. 1), determined probably by the local 
DNA sequence. Downstream from the region of DNase I 
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Fig. 5 a, Autoradiogram showing 
the partial DNase I cuts in 
Schneider cell chromatin upstream 
from the Sal site in the hsp 83 
coding region (redrawn from 
Holmgren et al.**). The position of 
the EcoRI site was determined on a 
DNA blot not shown here. The 4 
filled bar depicts the location of the 
coding region downstream from the 
single intervening sequence in this 2 
split gene (R. Holmgren and M. 
Meselson, in preparation). SalI was 
used for secondary cleavage; the 
DNA fragments (10 pg per track) 
were sized on a 1% agarose gel, and 
the labelled probe was a subclone 
from pPW244 (ref. 24) containing 
the Pst segment representing 
approximately the 5’ half of the hsp 
83 coding region. This probe 
extends through the internal Sal site 
by about 50 base pairs (see restric- 
tion map) but the small extra seg- 
ment barely, if at all, labels the 
cleavages downstream. The lanes 
indicate: 1, Sall digest on Schneider 
cell DNA. A minor polymorphism 
at the external Sal site, or cross- 
reaction with a partially homolo- 
gous fragment is observed. 2-4, 
Partial DNase I digests on chroma- 
tin at a final DNase | concentration 
of 0.5, 1 and 2 units ml™', respec- 
tively. Only the more prominent 
cleavages are noted by the arrows 


aNG 





on the restriction map. 5, Marker DNA fragments. 6-8, Partial DNase I digests on naked DNA. DNase I at a concentration of 0.025, 0.05 and 0.1 unit mi fs 
respectively, was reacted with the DNA at 0.4 mg ml’ in digestion buffer for 1 min at 25°C. 6, Autoradiogram showing the partial DNase I cuts in Schneider cell 
chromatin downstream from the Sal site in the hsp 83 coding region’. Sall was used for secondary cleavage; the DNA fragments were sized on a 0.8% agarose gel; 
the cloned probe was a Sal-Haell fragment gel-purified after cleavage from pPW244, representing approximately the 3’ half of the hsp 83 coding region**. A Du Pont 
Lightning Plus intensifying screen was used for this film exposure. The lanes indicate: 1, SalI digest of Schneider cell DNA. 2, Partial DNase I digest of naked DNA, as 
in a, lane 6. 3, 4, Partial DNase I digests on chromatin, at a final DNase I concentration of 6 and 8 units ml’, respectively. This experiment was separate from that in a, 
lanes 3, 4, but the overall extents of cleavage are comparable. Only the more prominent cleavages are indicated by arrows on the restriction map. 


hypersensitivity, the micrococcal nuclease cuts are less discrete, 
except for a cut 1.2 kilobase pairs from the Sal reference site. 
Such disperse cuts***° would be expected for the slightly active 
hsp 83 gene at 25°C. On further activation at 35°C, the 
fragment pattern in Fig. 6 remains essentially similar (data not 
shown). 


Comparison of hypersensitivity in cultured 
cells and embryos 


Figure 7 shows a comparison of hypersensitive sites in chromatin 
from Schneider line 2 cells and from 6-18-h D. melanogaster 
(Oregon R) embryos. The 5’ sensitivity in the hsp 70 and hsp 83 
genes (denoted by asterisks in Fig. 7a, b) is essentially the same 
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for both materials, in spite of the populational polymorphism in 
external restriction sites shown largely by the Oregon R DNA. 
Intriguingly, several randomly selected regions not involved in 
the heat shock response [pDm4 (ref. 29), locus 62F, and 
pPW100 (ref. 2), loci S7BC, 83C] reveal sensitive sites (denoted 
by asterisks in Fig. 7c, d) in the cell line, but not in Oregon R 
embryos. This result suggests that some hypersensitive sites in 
chromatin are not omnipresent, but perhaps limited to certain 
cell types or to particular stages in development. 


An element for recognition? 


The two Drosophila genes examined at three chromosomal loci 
exhibit a DNase I-sensitive chromatin structure at the 5’ 
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Fig.6 Autoradiogram show- 
ing the partial micrococcal 
nuclease cuts in Schneider 
cell chromatin upstream 
from the Sal site in the 
hsp 83 coding region; pro- 
duced as in Fig. Sa. The 
lanes indicate: 1, Sall digest 
on Schneider cell DNA. 2-5, 
Partial micrococcal nuclease 
(Worthington) digests on 
chromatin at a final nuclease 
concentration of 0.75, 1.5, 
3.0, 6.0 units mi~’, respec- 
tively, at 25°C for 3 min. 6, 
Marker DNA fragments. 7-9, 
Partial micrococcal nuclease 
digests on naked DNA at a 
final nuclease concentration 
of 1.25, 2.5 and 5 units ml’, 
respectively, at 25°C for | 
min. 
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Fig. 7 Autoradiographic comparison of 
DNase I-hypersensitive sites at 
chromosomal regions homologous to four 
cloned segments, between Oregon R 
embryos and Schneider line 2 cells. Nuclei 
from 6-18-h embryos were isolated as 
described elsewhere*. The rest of the 
experiment was essentially as described in 
Fig. 1 legend. a, The hsp 70 region. DNA 
fragments were sized on a 1.1% agarose 
gel; BamHI was used for secondary 
cleavage and the blot was probed with 
pPW232.1 (ref. 17). The lanes indicate: 1, mas 


3, BamHI digest of Schneider cell and 
Oregon R DNA, respectively. 2, 4, Partial -B 
e 
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DNase I digests of Schneider cell (8 units 
mi~') and Oregon R (6 units mi‘) 
chromatin, respectively. 6, The hsp 83 
region. DNA fragments were sized on a 
0.8% agarose gel; Sall was used for 
secondary cleavage; the blot was probed 
as in Fig. Sa. The lanes indicate: 1, 4, Sall 
digest of Schneider cell and Oregon R -0.51 
DNA respectively. 2, 3, Partial DNase I 
digests (6 and 8 units ml~*, respectively) of 
Schneider cell chromatin. 5, 6, Partial 
DNase I digests (2 units mi™ in two 
separate experiments) of Oregon R 
chromatin. c, 6 was reprobed with labelled 
pDm4 (ref. 34), without removal of the 
previous label. d, c was reprobed with 
labelled pPW100 (ref. 2), without removal 
of the previous labels. 


hsp 70 


hsp 83 


terminus of the coding sequence before activation. This 5’ 
sensitivity may reflect a specially exposed or structurally 
modified stretch of eukaryotic DNA for recognition by regula- 
tory molecules. The other sites adjacent to the hsp coding 
regions may be indicative of the 5’ termini of unknown or yet 
unmapped transcription units, as in the repeated sequence 
elements at locus 87C (refs 17, 27), or they may reflect other 
chromosomal functions. The findings documented here, 
although unique to eukaryotic gene structure, have a precedent 
in the structure of viral chromatin; the origin of replication (and 
transcription) of SV40 and polyoma virus has been shown to be 
in a preferentially nuclease-susceptible conformation?’ ~’. 
What might be the basis of this unique sensitivity? A special 
DNA sequence at these regions could bind other macromole- 
cules such as specific proteins that cause the sensitivity and align 
neighbouring nucleosomes specifically on the DNA, or the 
sequence may possess a peculiar base order that renders it 
sensitive when the DNA in the region is coiled and supercoiled 
in nucleosomes and higher order structures. The molecular basis 
notwithstanding, a new regulatory feature in relation to pro- 
karyotic models of gene control appears: an element for recog- 
nition at the 5’ end of a gene based on an exposed chromatin 
structure that defines its potential for activation, this potential 
being realized on induction, perhaps according to the bacterial 
paradigm of specific activators and repressors. Such a two-stage 
model of eukaryotic gene regulation has some implications for 
developmental biology. Specifically, the hypersensitive sites 
observed in tissue culture cell chromatin but not in embryonic 
chromatin might suggest that a developmentally regulated gene 
(as opposed to the heat shock genes) possess a 5’ exposed 
structure only in the appropriate cell type or developmental 
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stage. Sites of DNase I hypersensitivity have recently been 
observed in the chicken*’, and Weintraub and colleagues 
(personal communication) have detected tissue-specific hyper- 
sensitive sites for the chick globin gene. Will the various 
developmental systems currently amenable to molecular analy- 
sis yield data consistent with this view cf gene regulation? 
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Nucleotide sequence of the yeast plasmid 
James L. Hartley & John E. Donelson 
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The nucleotide sequence of the yeast DNA plasmid (2p circle) from Saccharomyces cerevisiae strain A364A D5 has been 
determined. The plasmid contains 6,318 base pairs, including two identical inverted repeats of 599 base pairs. Possible 
functions are suggested, and attributes of an improved vector for cloning foreign DNAs in yeast are discussed. 





THE yeast plasmid (2 circle) is a circular DNA molecule with a 
contour length of about 2 wm (about 6 kilobases) that is present 
in about 70 copies per cell of most yeast strains and constitutes 
about 3% of the total yeast cellular DNA‘. Its most dis- 
tinguishing structural feature is the presence of two inverted 
repeat (IR) sequences of about 600 base pairs that are separated 
by a large unique region (about 2.7 kilobases) and a small unique 
region (about 2.3 kilobases)**. In yeast cells reciprocal recom- 
bination between the inverted repeats produces a mixture of two 
sequence forms (A and B) of the yeast plasmid that differ in the 
orientation of one unique region relative to the other”. When 
the yeast plasmid is cloned in Escherichia coli using recombinant 
DNA techniques this reciprocal recombination does not occur. 

Two observations suggest that the yeast plasmid is located, at 
least some of the time, in the yeast nucleus. First, the plasmid can 
be isolated in a condensed nucleosome form with which histones 
are associated, similar to yeast nuclear chromatin'””*. Second, 
its replication occurs only during the S phase, each molecule is 
replicated only once, and replication is regulated by the same 
genes that control the initiation and completion of nuclear DNA 
replication’”'*. There is no evidence that the yeast plasmid is 
capable of integrating into chromosomal DNA. 

The biological function of the yeast plasmid is not known. 
However, portions of the plasmid are transcribed in vivo into 
polyadenylated mRNAs which have been mapped relative to 
restriction enzyme fragments of the DNA’. The poly(A)- 
containing RNAs direct the synthesis of protein in in vitro 
translation experiments. Plasmid-specific proteins have been 
detected when the plasmid has been introduced into E. coli 
minicell-producing strains*’*'*. Yeast strains have been iso- 
lated which do not have any plasmid sequences present, but 
possess normal growth properties in laboratory conditions". 

Recently the yeast plasmid has acquired increased 
significance as an efficient vector for yeast transformation”. 
Experiments with chimaeric DNAs containing all or part of the 
yeast plasmid indicate that maximum transformation stability is 
obtained when one of the two inverted repeats is present”, 
suggesting that the replication origin of the plasmid may be 
within this sequence. Thus the yeast plasmid is an attractive 
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Fig. 1 Map of the yeast plasmid (form A) and the sub-sequences 

used to derive the sequence. Arrows indicate the location and 

extent of each subsequence, clockwise for the top strand, counter- 

clockwise for the bottom strand. Thick lines represent the inverted 

repeats IR1 and IR2. Restriction enzyme cleavage sites shown are 

EcoRI (A), Hindiil (A), Xbal (W), Pst] (2), Hpal (@) and 
Aval (©). 


system for the study of eukaryotic gene control and 
chromosomal replication. 

We report here the sequence of the yeast plasmid. The 
boundaries of the inverted repeats are defined and potential 
protein coding regions are identified. The location of the origin 
of replication and the function of one of the protein coding 
regions are discussed. Improvements in the cloning of foreign 
DNAs in yeast are suggested. 
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Source of the sequence 


For the sequence determinations, the yeast plasmid was reco- 
vered from the recombinant plasmid p82-6B. This is a plasmid 
which was found in a library of random yeast strain A364A D5 
DNA fragments cloned in the E. coli plasmid pMB9 (ref. 26) by 
the poly(dA)-poly(T) tailing technique’’. It was initially 
identified by screening individual colonies in the library for the 
presence of yeast plasmid sequences by the Grunstein. and 
Hogness procedure” and subsequently shown to contain about 


1.5 copies of the yeast plasmid (E. Gubbins, K. Chen and | 


J.E.D., unpublished data). The 1.5 copies probably arose from a 
yeast plasmid dimer that was tailed with poly(dA) at random 
internal single-strand nicks or double-strand scissions during the 
poly(dA) addition such that part of the dimeric sequence wa 
removed during the cloning procedure. 

The circular yeast plasmid (form A) contains two EcoRI sites, 
one in each of the two unique regions, such that EcoRI digestion 
generates two fragments of 3.9 and 2.4 kilobases (ref. 5). The 
initial sequencing strategy was to determine the sequence of 
these two fragments individually and then identify and sequence 
restriction fragments which would overlap the two EcoRI sites. 
As the sequencing progressed, it became convenient to subclone 
a 4.1 kilobase HindIII fragment that contained the entire 3.9- 
kilobase EcoRI fragment and hence possessed an EcoRI site 
near each end. Thus the sequence of the 2.4-kilobase EcoRI 
fragment was obtained using the fragment recovered directly 
from p82-6B, and the rest of the sequence was largely obtained 
from the cloned 4.1-kilobase HindIII fragment subcloned in 
pBR322. Both plasmids were completely stable when main- 
tained in the recA E. coli strain HB101. 

The sequence of the plasmid was obtained by collecting 
sequence data from as many 3'-terminally labelled Hpall-, 
Sau3Al-, Tagl-, and Hinfl-fragments as could be strand 
separated” or digested with a second restriction enzyme to 
separate the labelled ends. In practice, about three-quarters of 
the fragments could be separated into two distinct strands on a 
strand separation gel. Overlapping sub-sequences were 
identified by computer analysis”? or by inspection. Restriction 
sites found during this process were used for subsequent 
sequencing runs to fill gaps or to increase coverage of both 
strands. The individual sequences (about 140 in all) were each 
read at least three times. All changes and corrections were made 
on a computer file to minimize clerical error. 


Features of the sequence 


Figure 1 shows a map of the restriction fragments used to obtain 
the sequence data and Fig. 2 shows the complete sequence. The 
inverted repeats are designated IR1 and IR2 according to the 
nomenclature of Hollenberg'®. Of the 6,318 base pairs, 61% are 
dA+dT, close to the dA+dT content of yeast chromosomal 
DNA (about 64%) and much lower than the value for mito- 
chondrial DNA of 79% (ref. 3). The sequence is numbered 
taking nucleotide 1 as the G of the EcoRI site nearest IR2. The 
inverted repeats are 599 base pairs long, extending from 341 
through to 939 (IR2) and from 3,714 to 4,312 (IR1). The unique 
regions are therefore 2,774 and 2,346 base pairs long. The 
sequence contains previously mapped sites for the restriction 
enzymes EcoRI (1; 2,407), PstI (2,652), HindIII (105; 1,017: 
2,331), Hincll (217; 2,964), Hpal (2,964; subset of Hincll 
sites), Aval (3,258; 4,764) and Xbal (703; 3,945). In addition, 
sites for Pvul (1,755; 2,729), Pvull (2,029; 2,133), Ball (264), 
Bell (304) and Clal (6,284) are predicted. Sites for the enzymes 
BamHI, Kpnl, Sail, Sstl, Sstll, Xhol, Bell and BglII do not 
appear in the sequence. A total of 87% of the plasmid was 
sequenced on both strands and at least one overlap was obtained 
for all restriction sites used in sequencing. The sequence of the 
region 1-1,022 has been reported previously by another 
laboratory” and differs from that presented here at eight posi- 
tions. 

The inverted repeats are the most prominent feature of the 
plasmid. Their sequences were determined separately and found 


861 


to be completely homologous. The IR boundaries are not 
marked by any striking symmetry features. However, a 
remarkable concentration of symmetry elements occurs near the 
centres of the IRs, at 640-761 and 3,892-4,013. In these 
122-base pair regions are found a 13-base pair direct repeat and 
a dyad symmetry (abc—c’b’a’) of 16 base pairs, both contained 
within an imperfect dyad symmetry of 49 base pairs. These 
regions can be drawn as two alternative stem and loop structures 
(Fig. 3) which would have thermodynamic stabilities of the order 
of —50 kcal mol`’ when calculated by rules derived from oli- 
goribonucleotide studies*’. The longest run of alternating 
purines/pyrimidines found in the plasmid is located at 564-581 
and 4,072-4,089. It has been proposed that these might form 
left-handed helical structures in vivo™*. Possible implications for 
these features are discussed below. 

A second concentration of symmetry elements is found in the 
large unique region. About 5.5 copies of a sequence of 62-63 
base pairs arranged as direct tandem repeats are found between 
positions 2,960 and 3,302 (Fig. 2). Five repeats, 2,987-3,048, 
3,049-3,111, 3,112-3,173, 3,174-3,235 and 3,236-3,297, 
share 78-97% (average 90%) homology with a consensus 
sequence 


_ §'-TTTTTPuPyAGAACAAAAATGCAACGCGAGAGCG 


CTAATTTT = CAAACAAAGAATCTGAGCTTCA-3’, 


Two sets of two of these repeats, 2,975-3,098 and 3,099-3,223, 
can be aligned to give tandem copies of 124 base pairs which 
share 97% homology. In addition, this area is rich in dyad 
symmetries, including a perfect dyad at 2,987-3,002 and 3,236- 
3,251. The significance of these symmetries is not known. They 
appear to be dispensible to the plasmid, however, since deletions 
in this area are seen in natural isolates’. No large alphabetic 
palindromes (abc—cba) were found in the yeast plasmid. 

The sequence was examined for potential protein-coding 
regions, that is, regions starting with an ATG codon and 
terminating with any of the stop codons. Three such long open 
translation reading frames were found, ‘Able’ (423 codons, 
molecular weight (MW) 48,625; 5,570-520; top strand: reading 
frame 2), ‘Baker’ (373 codons, 43,235 MW; 2,008-890: bottom 
strand; reading frame 3) and ‘Charlie’ (296 codons, MW 33,199: 
5,198-4,311; bottom strand; reading frame 2) as shown in Fig. — 
4. All three coding regions terminate within inverted repeats, 
although ‘Baker’ ends just inside the IR1 boundary. ‘Able’ 
terminates with TAA, ‘Baker’ with TAG and ‘Charlie’ with 
TGA. Proteins of MW 20,000 and less could be encoded by 
other regions. Overlapping coding regions such as are seen in 
several circular viral genomes***’ are not found in the yeast 
plasmid. 

Homology between the yeast plasmid and the bacterial clon- 
ing vector pBR322 has been reported™ on the basis of hybri- 
dization experiments. Computer comparisons of the two DNAs 
under various homology requirements did not reveal any 
extensive identities. The longest perfect homology is 13 base 
pairs. 


Discussion 


The sequence of the yeast plasmid can be inspected from the 
standpoint of (1) its utilization as a vector for cloning foreign 
DNA fragments, and (2) its existence as a eukaryotic ‘mini- 
chromosome’ organized by histones into nucleosomes, and 
containing an origin of replication and one or more genes with 
attendant regulatory elements. Two conclusions regarding the 
plasmid’s in vive functions can be drawn from the sequence and 
from the work of other investigators: the location of the origin of 
replication and the identification of the gene product which 
mediates the interconversion of forms A and B. Both 
conclusions concern the use of the yeast plasmid as a cloning 
vehicle. . 

Several lines of evidence support the suggestion that the 
origin of replication of the yeast plasmid is near the Xhal site in 
IR1 (position 3,945). First, the regions surrounding the Xhal 
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4690 
GAGCATACCA 
CTCETATEGT 


5040 
CETTATGACA 
GGAATACTGT 


S190 
TEITICAATS 
ACAAAGT TAC 


5340 
TCTRAARATT 
AaBATT TTT AA 


5490 
TCEAGT TAGE 
AGCTCAATCE 


2750 


3190 


2960 


3140 


GAATCT GAGCTGCATT TI TACAGAAC AGAAATGCAA CGCGAAAGCG CTATTTTACC AACBAAGAAT CIGTGCTICA 


AA AAATGTCTTS TCTITACGTT GCGCTTICGC GATAAAATGG TTGCTTCTTA GACACGAAGT AAA: 
ae sii 


32460 


2970 2790 


3120 3130 


er? 


CATTTICTG CGTTTCCATC TIGCACTICA ATAGCATATC TYTGTTAACG AAGCATCTGT GCTICA 
GTAAAAGAC BCAAAGGTAG AACGTGAAGT TATCOTAT 


3140 


OO 


AG ARACAATIGC TICGTAGACA CGAAGTAAARA CATCTIGITT 


ae: 0 nnd 


3150 


TTTTTGTAAA ACAAARATGE AACGCGAGAG COCTAATTTT 


3276 3280 


3290 


AACATTT TGTTTTTACG TIGCRCICTC GCGATTAARA 


3300 


AAR AATGCATCOE GAGAGCGCTA TITTTCTAAC ARAGCATCTT AGBATTACTTT 
CICTCGCGAT AAAAARGATTG TTTCOTAGAA TCTAATGARR 


3400 


34140 


3426 3430 


3440 


3450 


TATTTICTCT TCCATAARAA AABCOTGACT CCACTTCCOES CGTTTACTGA TTACTAGCGA 
ATARAAGAGA AGGTATTTIT TICSGACTGA GGTGAAGGGE GCAAATGACT AATGATCGCT 


3550 
AGCOGTTOATG 
TCGCAAC TAL 


2700 
AATACTAGAG 
TTATGATCTE 


3856 
CAATATTTITA 
BTTATARAAT 


eerie. 
AAACGAGC EL 
TTTACTCELE 


4150 
TATTTATGIA 
ATAAATACAT 


4300 
FITCLT TGS 
AAREGAAAL T 


4450 
CTACTICITG 
GATGAAGAAC 


4600 
RTGAATAAAT 
TACTYATTYA 


4736 
TCGGT AGC IC 
AGCCATECGAG 


49700 
TTYCCAATCE 
AARAGGET TAGE 


30590 
TATCLTGGAA 
ATAGGACCTT 


3200 
TEGTCCATTY 
AGCAGGTAARA 


S350 
AAGGAAAAGE 
TICCTIFICG 


5300 
GTGTYIGAAT 
CACAAACT TA 


3560 
ATTCTTICATT 
TAAGAAGTAR 


3710 
ATRRACAT AR 
TATTTOTATT 


3860 
GTABCTCGTT 
CATCOAGCAA 


pt 


ERAAN 


AAGGCTTTIA 


4 


4160 
GGATGAAAGG 
ECTACTTICC 


4310 
TAT TOGATCA 
ATAACCTAGT 


4440 
TICGCETGGA 
AAGCEGACCT 


4610 
CACC TAT TAA 
GTGGATAATT 


4769 
FCTICTIGIE 
AGAAGAACAG 


aFLO 
AATCARATCT 
YIAGTYTEGA 


5060 
AGAGTAGCTC 
TCTCATCGAG 


5210 
FHGTI ICTY 
ACTARAAGAA 


3360 
ABC AARGSTS 
FOGTYICCAC 


$510 
AC TGCAAGAT 
FOACGTICTA 


S570 3580 
GGICAGAAAA TTATBAACRG 
COAGTCTTTT AATACTTOCC 


3720 3730 
AABRTGTAGA GGYCGAGTTT 
se ano CCAGCTCAAR 

Ri 


3876 7 3880 
ACAGTECHAGT GCETTTTTSG 
TOTCAGGCCA CHCAARAACC 


4020 4030 
GCAACGLGAG CTGCGCACAT 
COTTGLGCTC GACGCGTGETA 


4170 4180 
TAGTCTAGTA CCICCTSIGA 
ATCAGATCAT GGAGGATACT 


43230 43530 
TACCETAGAA GTATTACSTG 
oe TT CATAATECAC 


4470 4480 
GBGAACTTCT TCATYYGTAT 
COCTIGAAGA ABTAAACATA 


4420 4630 
AGCAGCITGA CGATCTGGTG 
TOGICGAACT GCTAGACCAC 


4776 4780 
TYTCTCSGBHC AATCTICCTA 
AAAGAGCECE TTAGAAGBGAT 


4720 4930 
TICET IARC ATCTICGCAG 
ARBGARTTGOS TAGARGCETC 


SO70 5080 
ATCAGACTTA CETTTACTCT 
TAGICTGAAY GCAAATGAGA 


S220 5230 
FTIACCAGTAT TOTTCGTTIG 
AATGGTCATA ATAAGCAAAC 


5370 5380 
CATTTTYTAAA ATATGARATG 
GTAAARATTT TATACTITAC 


$520 5530 
ACHAGATARA TAGAGTAGTT 
TGTTCTATTT ATCTCATCAA 


B50 
TEICTICTAT 
ARAGAAGATA 


3740 
AGATGCAAGT 
TCTACBTICA 


FPO 
TYTTT TARA 
ABARAAL TTT 


4040 
ACAGCICACT 
IGTCGAGTIGA 


HERO 
TATTATECEA 
ATAATAGGGY 


4340 
ATTTYETBEL 
TAARAGAC GE 


42896 
TAGTATOGY T 
ATES ACCAR 


4640 
GAACTAAAGT 
CTIGATTYCA 


4790 
TTAT FAaTAGC 
AATAATATCE 


aFag 
CAGECAABAT 
GREET TTA 


SOUPS 
ETATATCART 
GATATAGTTA 


5240 
ATAATOTATT 
TATTACAT AR 


S370 
AAGATAC CES 
TICTATGECGE 


$540 
BAAAT TAGAT 
CITIGATE TA 


3609 
ETTIBTOTETA 
RAACAGABAT 


3750 
TCAAGGAGCG 
AGTFCCTEBE 


orreri 


CACGCAGAAG 


4950 
GTTCACGICS 
CHAGTGCCAGT 


4200 
TICCATECGG 
AAGE TACGEC 


4350 
CLTTACCE IC 
BEART GGGAG 


4500., 
CACTTCAGTO” 
BTGAAGTCAG 


4650 
AAGCAAT IGG 
TTCGTTAaAACC 


4800 
HATAGATT IG 
TIATC TARAL 


4950 
TACETCAGCA 
ATBGAGTCET 


BLO 
ATCTACATCA 
TABATETAGT 


52590 
CVIGOTIATY 
GAATOAAT AR 


3400 
AGTACTAATT 
TCATBEST TAA 


5550 
ATCARTTOCA 
TAGTTAACGT 
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44 2770 goe Déi 0 3420 DC DPO a700 
CACAABATCA SCECTAASLA TOCCACAATT JRSTATATTA TOTAAAACAC CACCTAADET SCTTETTCOT casrirates anaearrien Ab TT CA neTaaenana TAICATTATS TeCTACTSAA CTAALCTATT TATWTTROAT 
GTOTICTAR: COCBATTCAT ACOSTETTAA MECATATAAT ACATTTTETE STRBATTCOA COAACAAECA ETCAAACACE TTTCCAMACT TTCTOBAAST COCACTCTTTT ATCOTAATAC ACHACEACTT MATTEATAA ATACAACCTA 

e719 B7RO 730 - B740 Pa) 5740 B770" aye 577o 2810 TEzo a) neo 
GATTALALAT AACRBAALAG CARTCAAEAR ABCCACATTC ATEABCTATA ATACTATCAT GABCAATTICE cresettiTcs ATATTRTCAS TAARTOAETE paahi emeah RCA AAMA ADEA ATTCTeBAAs COTOR TT Adh 
CTAATETETA TTOCCTIOTC STIABTICTC TCOBTETaMm TACTCEATAT TATOAT ABTA TTCOTT ARE GACTCAMA TATAACABTI ATTTASTEGR SICAAATITA TETTCTOCST TITICSTTET TAABACCTTC BOAGTAATTT 


BPOO Pi 


Bo ë. Wro 


SAAATTBATY CCTSCT Team oh factored TATTCCTTAC TATREACADA AdCATCAATC THATATCACT BATATTOTAA @TASTTTOCA attacasTrc BAATCATCOS Ahih ABCA tAAdeibAAAT ACATA AAA AAA TOLT 
BACE TT 


CTTTAAL TAA 


AATETTA ATAAMEBAATO ATACCTOTT TTETASTTAD ACTATASTOA CTATAACATT CATCAMACET TAATOTCAAS CTTANT 


AOL TTCTTCSTCT-ATTCCECTTTA TEMETETCAT TTTYTT ACEA 


4100 #119 ai1%6 41K is 
SATTCABCSA 


4010 sore +a 4076 
TAAABCALYTY CT STEAAAGCAY CTODBAGATC acTeasanan TAcTaarTe OTT TSAST AT ncrresieat TTACAAAAAE tA T TTR TACCAATTEC YCTICCTASC TACTTTCATC ATITA A 
AATETFTTTS TTTYTEAAAT 


4140 41% >- 4300 4216 420 
TATTARGAM. OTTRATCORA AATCATTTAA ethene PATAAETATC THOORSTAAT HATCCASTET, TT 


T ATOOTTAADO ANAAGEATCE ATOAAABTAS TTAACACCTT CTAAGTCECT 


420 6 4370 4280 4270 4300 
AACE TT ART ACACATAT ACTTCTITAS COCAMEOOST ABMATCBATC CACTTOTATA 


ltd PAPA 
ATAATTCTTW CAACTAQSCT TTABTAAATT TAATCAGSTT TTATTCATAS ACCCTCATTA TOREN AATCACTETC TETETTTETE TTCECAATCA TCCBTETATA TOAABARATC GCWTTECCCA TECCTADCTAB STOAACATAT 


Fig. 2 AEREE PERE ET E AE EE E E PA E oedema: EEEE E E Gs 
number: 1, regions which can be drawn as stem and loop structures (Fig. 3); 2, longest dyad symmetries (abc-c’b’a’) in the sequence; 3, perfect 
symmetries 


direct repéats; 4, direct tandem repeats of 62-63 bp, or portions thereof; 5, dyad 
fragments 


determined by the method of Maxam and Gilbert” . Restriction 


associated with these Sequences were 
were labelled using repair synthesis of DNA polymerase I (10 units of 


enzymic in 100 ul of 70 mM Tris-HCI, pH 8.0, 70 mM NaCl, 10 mM MgCl, incubated at 4 °C for 10 min with [a-” PJANTP and 5-15 pmol of 
each restriction fragment). Sequencing gels were 0.4 mm thick, 6% (9030 cm) or 20% (43 x 43 cm) polyacrylamide/urea gels run warm“. 


sites in both IR1 and IR2 contain extensive elements of sym- 
metry which can be drawn as large secondary structures (Fig. 3). 
Such structures are highly significant statistically (data not 
shown) and have been found near the origins of replication of 
many genomes“, Second, J. Broach and J. Hicks (J. Broach, 
personal communication) have cloned various pieces of the 
yeast plasmid and shown that vectors which contain IR1 can 
successfully transform [cir?] yeast (strains which lack endo- 
genous 2u circles), whereas vectors containing only IR2 cannot. 
Third, deletion mapping by Broach and Hicks indicates that 
about 100 base pairs of the large unique region adjacent to IR1 
is an essential part of the origin. Since IR1 and IR2 are precisely 
identical, the involvement of this unique segment presumably 
determines which inverted repeat will be used for the origin, 
Examination of translation reading frames of the plasmid (Fig. 
4) shows that this is the only segment next to an inverted repeat 
. that is not part of a potential protein coding region. It is possible 
that this segment (from ground position 3,600 to within IR1) is 
transcribed to yield the RNA primer for initiation of replication. 
Since electron microscopic examination of replicating yeast 
plasmid molecules suggests that a second origin, presumably 
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within IR2, is used at least some of the time (C. Newlon, 
personal communication), this primer may contain some 
inverted repeat component. 

The yeast plasmid sequence contains three regions which 
could code for proteins of MWs 33,000, 43,000 and 48,000 (Fig. 
4). The location of these are in general agreement with the 
results of previous studies**'*, Observations of Guerineau and 
co-workers” suggest a function for one of these regions. They 
constructed vectors containing the entire yeast plasmid in which 
the coding region ‘Able’ was interrupted by the insertion of a 
piece of bacterial DNA. Such vectors successfully transformed 
[cir] yeast, but no recombination between the inverted repeats 
was seen, that is, cells transformed with form A vectors main- 
tained the chimaeric DNAs as form A for long periods”. In 
contrast, [cir*] strains (which contain endogenous yeast plasmid) 
rapidly interconverted forms A and B, such that only a mixture 
of the two forms was detected”. Broach and Hicks have made 
similar observations (J. Broach, personal communication). A 
diffusible product of coding region ‘Able’ is thus implicated as 
mediating the form interconversion process. This gene product 
and its substrate, the inverted repeats of the 2y circle, represent 


Fig. 3 a,b, Alternate potential secondary structures of the DNA 
sequence near the putative origin of replication. Both structures 
would have theoretical thermodynamic stabilities of the order of 
~50 kcal mol™ (ref. 33). 
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Fig. 4 Approximate positions of stop codons in the different 
reading frames of the yeast plasmid. TAA codons are represented 
by blocks (W), while TAG and TGA codons are shown as lines, 
Start codon positions for ‘Able’ and ‘Baker’, and ‘Charlie’ and two 
other large open reading frames are indicated by dots (@). The 
outer, middle and inner rings correspond to reading frames 1, 2 and 
3, respectively. For the top strand reading frames 1, 2 and 3 begin 
with the codons GAA (positions 1-3), AAT (2-4) and ATT (3-5), 
while for the bottom strand reading frames 1, 2 and 3 begin with 
codons CTC (6,318-6,316), TCA (6,317-6,315) and CAA (6,316- 
6,314). Triangles indicate EcoRI cleavage sites. 


a unique opportunity to study eukaryotic recombination at the 
molecular level. 

A second observation of Gerbaud et al.” has implications for 
the construction of yeast transformation vectors. They deter- 
mined the levels of expression of a yeast gene (ura3) inserted at 
two different points in their vector. It was found that the ura3 
activity per transformed cell was three times higher when the 
gene was inserted at the EcoRI site within coding region ‘Able’ 
than when it was carried within the bacterial plasmid segment of 
the vector. Since she ‘Able’ product is apparently actively 
expressed in yeast (above) it is reasonable to suppose that the 
higher expression was due to efficient transcription utilizing the 
‘Able’ promoter or other transcriptional signals. 


In view of these considerations, some attributes of a vector— 
host system for the transformation of yeast may be suggested. 
The host should be [cir*] since high transformation frequency 
and reasonable stability are obtained’’’*. The vector should 
contain the origin of replication but should not contain the entire 
yeast plasmid, since Toh-e et al. have shown that increased 
stability results from this arrangement when the host is [cir] 
(ref. 25). The vector should also contain coding region ‘Able’ for 
the insertion of foreign DNA to be expressed in the yeast host. 
The sequence indicates that the small Aval fragment of the form 
B plasmid would have all these properties. This 2,945 base pair 
fragment would contain the origin of replication and the entire 
‘Able’ coding region, as well as segments flanking both ends of 
‘Able’. Within the ‘Able’ sector there are single sites for the 
restriction enzymes EcoRI, HindIII, Ball, Bcll and Clal which 
might be suitable for expression of foreign genes. In combina- 
tion with a suitable selection marker(s) the resultant plasmid 
should possess improved properties for cloning foreign DNAs in 
yeast. i 

The sequence of the yeast plasmid may improve the useful- 
ness of yeast for DNA cloning experiments. In addition, the 
sequence provides a starting point for further investigations of 
such functions as replication, recombination and gene control in 
a well characterized eukaryotic genetic system. 

Copies of the sequence with a complete listing of all restriction 
sites are available on request. 
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Addendum from J. Hindley, T. C. Elleman 
& G. A. Phear 

Department of Biochemistry, University of Bristol, 
Bristol BS8 1TD, UK 


The accompanying article by Hartley and Donelson presents the 
sequence of the type A yeast plasmid recovered from 
Saccharomyces cerevisiae strain A364A D5 by cloning into 
pMB9. We have independently determined about 63% of the 
type A plasmid sequence from pJDB 71 (ref. 1; a hybrid con- 
structed by inserting the 2u plasmid from S. cerevisiae strain 
DR19/8T into the EcoRI site of pMB9), using a different 
approach and have compared the two sets of data. This is of 
interest for two reasons. First, Hartley and Donelson used the 
Maxam-—Gilbert procedure whereas we have relied entirely on 
the dideoxynucleotide chain termination procedure using 
single-stranded templates generated by cloning restriction 
fragments into linearized phage Ml3mp2 RF-DNA and 
subsequently isolating the single-stranded recombinant 
phages”. The sequence comparison was made over a total of 
4,004 nucleotides comprising sequences totalling 3,053 nucleo- 
tides from the larger and 951 nucleotides from the smaller 
unique regions of the plasmid. Both sets of data were in 
complete agreement. This result therefore completely validates 
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the reliability of the newer sequencing procedures used in this 
work. Neither during propagation of the hybrid plasmid nor in 
the subsequent M13 cloning and primed syntheses is there any 
evidence of rearrangements or deletions of sequences. 

Second, the data imply that the unique regions in the plasmid, 
bounded by the inverted repeats, are fully conserved in two 
unrelated strains of yeast. This identity includes a sequence of 
863 nucleotides extending from the EcoRI site at position 2,407 
to position 3,270. This region contains a set of 6.5 direct tandem 
repeats of 62-63 residues and in two other plasmid isolates (Sep 
2 and Scp 3)’, which contain deletions of about 130 and 220 base 
pairs respectively, the mapping data puts both these deletions 
within the region of tandemly repeated sequences. The available 
data therefore suggests that, apart frona this deletable region, 
the unique regions of the plasmid are strongly conserved. 
Differences are found however when the inverted repeat regions 
are compared. All these seem to be single base changes and 
occur in regions outside the possible reading frames suggested 
by Hartley and Donelson (see ref. 4). 
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The double quasar 0957 + 561 
as a gravitational lens: 
further VLA observations 


P. E. Greenfield & B. F. Burke 


Department of Physics, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139 


D. H. Roberts 


Brandeis University, Waltham, Massachusetts 02254 


The twin quasars 0957 + 561 A,B, separated by only 6 arcs on 
the sky, have been shown to have nearly identical redshifts 
(ze = 1.41, z, = 1.39) by Walsh et al.', who suggested that they 
were the double image of a single object, split by the gravita- 
tional refraction of an unseen massive intervening object. 
Further optical spectroscopy’ has confirmed the remarkable 
similarities of the emission and absorption spectra of the two 
quasars, and strengthened the case for a gravitational lens 
model. Radio maps at 6cm made with the Cambridge 5-km 
telescope’ and with the VLA‘ showed that, in addition to two 
unresolved sources coincident with the optical quasars, there 
were extended regions of radio emission, apparently associated 
with the north (A) quasar which greatly complicated the gravi- 
tational lens hypothesis. We now report a full 12-h synthesis 
made at the VLA at 6-cm wavelength’ which confirmed the 
earlier maps and showed additional features at lower flux levels. 
In particular, this map revealed two small radio ‘jets’, one close 
to each of the quasars. The absence of corresponding second 
images of either of these jets near the other quasar was used to 
rule out models in which the gravitator was located near the 
midpoint of the line between A and B (ref. 5). | 

The lens hypothesis was boosted by the discovery®”’ that the 
field of 0957 +561 was overlaid by a rich cluster of galaxies at 
z = 0.39. Furthermore, the nucleus of the brightest member of 
the cluster (designated G1) lay ~1 arcs north of the B quasar, 
very near the position of the B radio jet. Young et ail.’ presented 
models for gravitational imaging of the underlying object 
quasar, invoking both the properties of an extended gravitator 
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(G1) and the existence of an additional source of bending (the 
cluster as a whole) and were able to account for most of the 
observed features. The B jet, however, remained difficult to 
understand as part of the gravitational image of the quasar and 
its extended radio emission. The present results clarify the 
nature of the B radio jet, and further strengthen the gravita- 
tional lens interpretation of the double quasar. 

The observations consist of a full 12-h synthesis made at 6 cm 
on the Very Large Array of the National Radio Astronomy 
Observatory during 22-23 February 1980. A total of 22 anten- 
nas were functioning, with baselines ranging between 45 m and 
22.4 km. Observing conditions were ideal, and the data were of 
significantly higher quality than these obtained in October 
1979°. The performance of the array was monitored by frequent 
observations of the nearby point source 10314567 and the flux 
scale was set by assuming the 4,885 MHz flux density of 3C286 
to be 7.41 Jy. Editing, gridding, and Fourier transformation of 
the data were carried out using the standard VLA data reduction 
procedures. The resulting ‘dirty’ map was processed with the 
modified CLEAN algorithm of Clark". The clean map, shown in 
Fig. 1, has a resolution of 0.66 by 0.41 arcs FWHM, and a 
dynamic range (map peak/r.m.s. noise) of ~200: 1. 

The significant feature of Fig. 1 is the resolution of the B jet 
into a point source (which we now denote G) of 2.3+0.2 mly 
flux, located 1.06 +0.02 ares N and 0.15 +0.02 arcs E of the B 
quasar. The position and flux of G are consistent with our 
previous observations’. An optical photograph of the field, 
made on the University of Hawaii 2.2-m telescope by Stockton’, 
puts the optical nucleus of G1 0.994 0.03 arcs N and 0.192 
0.03 ares E of the B quasar, or 0.08 = 0.05 arc s SE of the radio 
position. Thus, the optical nucleus of Gi and the radio source G 
are coincident within the small uncertainties. The simplest 
interpretation is that G is a compact radio source in the nucleus 
of G1 and is not part of the gravitational image. If this is so, the 
5 GHz power of G is Psooo = 1.1% 10°? WHz7! sr (gg = 1/2, 
H)=50 km s! Mpc™’, spectral index assumed to be 0.25). 
Although little is known about the compact radio structure of cD 
galaxies selected without regard for their low-frequency pro- 
perties, G is comparable to the central components of 3CR radio 
galaxies’. Although there is at least one ether interpretation 
(see below), the fact that G is not significantly north of the 
nucleus of G1 removes the last strong objection to the gravita- 
tional lens explanation of 0957 + 561. 
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Fig. 1 The double quasar 0957 +561 A,B, mapped at A6 cm by 

the VLA on 22-23 February 1980. The point sources A and B are 

coincident with the optical quasars, and the small source G lies very 

close to the nucleus of the intervening galaxy G1 which is 

apparently forming the double image. The contour levels are 1, 2, 
4, 8, 16, 32, 64 and 95% of the peak flux of 35.9 mJy. 


We now consider how well the details of the gravitational 
imaging are understood, what further data may be needed, and 
what more can be learned from the double quasar. The 
important features to be accounted for are: (1) the near-equality 
of the fluxes of A and B despite their very different separations 
from G1; (2) the absence of second images of any of the 
extended radio emission; (3) the lack of resolution of the B 
image by the VLA or by existing VLBI observations; and (4) the 
fact that the nucleus of G1 lies slightly (0.4 arcs) off the line 
between A and B. Young etal.” have suggested that the first two 
points are consequences of the existence of a caustic for an 
extended gravitational lens. In their picture, the B image is 
formed very close to the caustic and is, therefore, anomalously 
amplified, while the extended emission lies beyond the caustic so 
no second images are formed. This model has the additional 
consequence that the B image must itself be multiple. The VLBI 
observations of Porcas et al. and Haschick et al.” show the 
existence of compact components in both A and B, but have 
insufficient dynamic range to give useful details of their bright- 
ness distributions. The high dynamic range of the observations 
presented here enable us to constrain a possible double nature of 
B. There is no evidence for a broadening of B relative to A ata 
level of 5% of the beamwidth. Thus, if two images B and B’ are 
of equal intensity (J = I’), their separation 66 is less than 0.16 
arcs. We are, therefore, unable to rule out model ‘c’ of Young et 
al. in which J/I’ = 1.45 and 6@ = 0.15 arcs. 

Young et al. have emphasized that the cluster as a whole may 
play an important role in forming the image, and they attribute 
property (4) above to the effect of the cluster. As a result of the 
cluster, one of their models results in the observed B image plus 
a very faint B’ image nearly coincident with G1. This may be the 
correct interpretation of the small radio source G. If in fact G is 
north of the nucleus of Gi, G cannot be the third image B’. In 
addition, note that the absence of second images of the extended 
emission must be used to constrain the role of the cluster, and 
Young et al. did not consider the radio data in constructing their 
models. 

Improved VLBI experiments currently underway will con- 
strain models in which B is double with separation less than the 
0.16 arcs detectable in the current VLA data. In addition, 
measurement of the time delay between the arrival of the A and 
B images will help ascertain the importance of the cluster in the 
image formation. The differential delay, expected to be of the 
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order of months in the absence of the cluster, could be multiplied 
by a factor of the order of 5 by the effect of the cluster’. In 
principle, this sensitive probe of the cluster could yield informa- 
tion on any ‘hidden’ mass in the cluster®. The intensity ratio 
I,/Ig=1.23+0.02 in the data presented here, while it was 
1.32+0.02 in October 1979 (ref. 5), so there seems to be 
measurable variability in the underlying quasar, making a 
time-delay measurement feasible. Finally, we note that cD 
galaxies such as G1 can have double or multiple nuclei, and 
hence may have appreciable non-radial refraction effects. 
Thus it may not be necessary to invoke strong bending due to 
the cluster in order to understand the slight misalignment of 
A-G1-B. 
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A new class of extraterrestrial material has recently become 
available for study: interplanetary dust particles (2-30 pum in 
size) collected in the atmosphere at 20-km altitude by inertial 
impactors mounted on NASA U-2 aircraft in the programme of 
sampling initiated by Brownlee et al.'. The extraterrestrial 
nature of a compositionally ‘chondritic’ subset of these particles 
has been verified by measurements of the elemental and isotopic 
abundances of noble gases**. We report here the first optical 
absorption spectra of these interplanetary dust particles 
(IDPs). We show that absorption features in the visible at 
~9,800 cm ‘and in the IR at ~1,000 cm™ are present in spectra 
of these particles. An ~1,000 cm” feature is present in optical 
spectra of meteorites, comet dust and interstellar dust, although 
its cause in the latter two is a subject of some debate**. Future 
experimental work on these laboratory samples promises to 
shed light on the alternatives, at least for particles in the Solar 
System dust cloud. 

Particle handling techniques are described elsewhere. After 
removal from collectors supplied by Brownlee, particles were 
individually cleaned of the silicone oil collecting medium by 
immersion in a running stream of hexanes. They were mounted 
and characterized briefly by optical microscopy, scanning elec- 
tron microscopy and energy dispersive X-ray analysis before 
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Fig. 1 IR transmission spectra of different meteorites at room 

temperature, The samples were prepared by mechanically grinding 

a 1-mg sample with 100 mg of KBr and forming a clear pressed 

pellet by the standard IR-KBr pellet preparation technique. A 

commercial Nicolet 7199 FTIR spectrometer equipped with a 

globar source and mercury-cadmium-telluride detector was used 
| .to'record the IR specta. 


being crushed and mounted for the measurement of optical 


properties using Fourier transform spectroscopic methods. 
Absorption spectra of meteoritic materials in the mid-IR 
show a wealth of detail. Figure 1 shows room temperature 
(25°C) IR spectra from several different meteorites between 
4,000 and 400cm™ obtained using large (107? g) samples. 
Similar spectra have been published previously*. The structured 
absorption feature centred near ~1,000 cm™ is probably due to 
Si-O stretch bands of meteoritic silicates. The spectra of these 
samples were then recorded at near liquid nitrogen temperature 


(~196 °C) to simulate the lower temperatures found in space. 


Figure 2 compares the low temperature (—168 °C) and room 
temperature spectra of the Orgueil meteorite. At low tempera- 
ture, the weaker bands become sharper and better resolved, but 
the distinguishing spectral features are not significantly altered. 

An IR spectrum of pieces from three IDPs (total sample 
~10°° g) is shown in Fig. 3a. A broad feature in the region 
1,300-800 cm™ is clearly present. Figure 35 shows a 
comparison spectrum of small particles from the Orgueil 
meteorite taken under similar circumstances. Possible causes for 
the IDP feature include mafic silicates* and carbonaceous 
material’ which are known to be present in these particles’. 

Figure 4 shows the visible/near IR spectra of several carbo- 
naceous meteorites, and of a sample composed of five crushed 
IDPs (total sample~3x107%g). The well studied feature 
centred at ~9,800 cm“ ' in the meteoritic spectra is due to crystal 
field transitions of iron'®. Comparisons of the IDP and the 
carbonaceous chondrite spectra show that the absorption spec- 
tra are different, in spite of the similarities in elemental abun- 
dances of the two classes of object’. A weak iron crystal field 
absorption band is present in the IDP spectrum. 

A prominent ~1,000 cm” feature is a commonly observed 
feature of dust found in different astrophysical settings‘. 
Although it may never be possible to establish definitively the 
nature of the material (or materials) responsible for such an 
absorption in interstellar dust, it seems likely that the problem 
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Fig. 2 IR transmission spectra of the Orgueil meteorite: a, at 
room temperature (25 °C); », at —168 °C, 
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Fig. 3 IR transmission spectra of: a, IDPs; b, a particle from the 
matrix of Orgueil. Spectra were acquired by crushing the particles 
onto a thin (~100 um) freshly cleaved KBr plate using a glass slide 
and centering them in a 50 pm aperture’. The sampile mount was 
then placed in a 4x beam condenser using an f/1 KBr lens and 
aligned by adjusting the sample position until the detector signal 
was maximized. Spectra were obtained by 20,000 time averaged 
scans with 8 cm”! resolution. 
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Fig. 4 Visible/near-IR spectra of powdered samples from IDPs 
and several carbonaceous chondrites. Ordinate values are propor- 
tional to the ratio of light transmitted through the sample and light 
transmitted through a blank. The spectra were obtained using the 
solar FTS at the Kitt Peak National Observatory, The instrument is 
a dual beam FTS having input and output focal lengths of 2.9 and 
2.3 m, respectively. The beam splitter was silver on quartz and an 
entrance aperture (f/50) of 4mm was used. Transmission 
measurements were made on powdered samples which were 
immersed in silicone oil and sandwiched between glass slides, 
separated by spacers. Illumination was provided by a 150 W 
tungsten—halogen lamp. 


can be solved for interplanetary dust. Although the collected 
IDPs have certainly experienced some thermal alteration during 
deceleration in the Earth’s atmosphere, the particles seem to 
retain absorption features found in cosmic dust. Work is in 
progress to separate, or at least remove selectively, the various 
constituents of the IDPs to evaluate separately their contribu- 
tion to the absorption. A severe constraint is posed by the small 
size of the particles and their present rarity. The particles are 
also known to differ considerably in their mineral assemblages 
from one particle to the next’. Fourier transform spectroscopy 
on individual particles may prove to be an important future 
technique for the nondestructive classification of particles 
according to type. 

We thank Dr J. Brault for assistance at the Kitt Peak 
National Observatory, Drs C. Anderson, D. Huppler and D. W. 
Vidrine of Nicolet Instrument Corporation for their help, and 
particularly Dr D. Brownlee who made IDPs available for this 
study, and G. Flynn for helpful discussions. This work was 
supported by NASA grant NGL 26-008-065. 
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Claims of a Sun—weather relationship’ can only be evaluated 
properly when the history of solar change is known in detail. The 
most obvious feature of solar variability is the change over time 
in the number of sunspots on the visible half of the Sun. A less 
visible indicator of solar change is the '*C content of tree rings. 
The atmospheric 'C levels derived from tree ring measure- 
ments can be tied to the Sun’s modulation of the cosmic ray flux 
in the vicinity of the Earth, and thus provide a history of solar 
change.’ We report here a comparison of climate records with 
the record of solar change obtained from atmospheric **C 
variations. This yielded ‘negative’ results, that is, a relationship 
between the climatic time series and the “C derived record of 
solar change could not be confirmed. 

The modulation of the cosmic ray flux (and the associated 
atmospheric ‘*C production rate Q in atoms s~’ cm” of the 
Earth’s surface) by the Sun occurs through changes in the 
magnetic shielding properties of the solar wind. However, this is 
not the only cause of atmospheric '*C change. The Earth’s 
geomagnetic field aiso influences the pathways of the charged 
particles that constitute cosmic radiation. Both solar modulation 
and longer-term geomagnetic field changes have to be taken into 
account when decoding the atmospheric '*C signal. A carbon 
reservoir model? that describes terrestrial carbon exchange 
between the atmosphere, ocean and biosphere can be used to 
calculate from the atmospheric record the production rate 
changes AQy. In carbon reservoir modelling, the long-term 
trend in the atmospheric '*C attributed to Earth geomagnetic 
dipole changes is removed by deducting the sinusoidal approx- 
imation given by Houtermans*. The remaining '*C variations 
are used to calculate the '*C production rate changes AOy 
around the steady state value of 1.57 atoms cm ° s™* from the 
model. The magnitude of the AQ, changes caused by solar 
modulation depends on the Earth’s geomagnetic field intensity 
because the average global ‘C production becomes less sensi- 
tive to solar modulation when the Earth’s geomagnetic field 
increases’*. The AQy, values given here are normalized to the 
present-day Earth’s geomagnetic field intensity by using the 
correction factor [M(0)/M(t)]°°* derived from data given by 
O’Brien. The magnetic field changes were obtained from data 
given by Barton et al.’. 

Climate-related changes in carbon reservoir exchange rates 
may also cause atmospheric '*C levels to change. The calculated 
record of '*C production rate changes (AQy,) may, therefore, 
contain ‘fictitious’ rate changes that are not related to solar 
modulation, but to climate changes. The contribution to the 
AQw record of such fictitious AQ,, changes is difficult to evalu- 
ate, but it can be argued that climate variability is not a dominant 
factor in producing century-type atmospheric ‘*C variations”. 

The changes in calculated ‘“C production rates generally 
agree with the evidence for solar change obtained from histori- 
cal observations of sunspot number and aurorae. For instance, 
there are three intervals in the post AD 1200 sunspot record 
where visual sunspot observations are lacking (the Wolf, Spérer 
and Maunder minima). For each interval of reported low 
incidence of sunspots, the AQy record reaches a maximum. 
There is also covariance between ‘C production rate changes 
and sunspot numbers for the eighteenth and nineteenth 
centuries’. 

When discussing the '*C changes, note that the standard 
deviation in the **C measuremens is ~1.5-2 %. This cor- 
responds to an average standard deviation in the calculated 
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AQx values of ~4%. It is possible to recognize many similarities 
within the stated precision in the ‘*C pattern. The “C produc- 
tion rate changes are, therefore, not random fluctuations. 

Two of the AQy oscillations in the current millennium are, 
within the experimental error, copies of each other. These are 
the variations encountered between AD 970 and 1250, and 
between AD 1610 and the end of the nineteenth centry (see Fig. 
1). The similarity of the Fig. 1 curves implies that the ‘grand 
medieval maximum’ of the twelfth century” has the same level of 
solar activity as the AD 1740-1840 interval. The Sun switches 
near AD 1250 to the quiet Wolf minimum, whereas the Sun is 
still active after AD 1890. The agreement between the curves 
terminates, therefore, after 280 yr. 

The close correspondence of some of the ““C record puts 
limitations on the theories of solar dynamo behaviour. Dynamo 
theories may include the possibility that the envelope of the 
solar cycle, and the associated magnetic field in interplanetary 
space, is inherently unpredictable’. The repetitive pattern seen 
in the '“C record argues against this interpretation. 

Many of the oscillations are similar to the late seventeenth 
century Maunder minimum pattern. The AQ, oscillations 
between AD 970 and 1100, AD 1250 and 1370, and AD 1610 
and 1750 all have the same magnitude, approximate duration 
and shape (Fig. 1). The geomagnetically normalized AQy vari- 
ations, calculated from a “C recordi! between 3650 and 
3300 BC are also given in Fig. 1. The 3650-3520 Bc, 3530- 
3370 BC, and the 3370-3260 BC oscillations again have similar 
magnitudes and duration. The times necessary to reach the 
maximum production rate change are different. This rise-time is 
40 yr for the BC oscillations and 50-70 yr for the more recent 
ones. 

Three of the four major oscillations of the current millennium 
are of the Maunder minimum type, lasting 120-140 yr. The 
remaining oscillation is the Spörer minimum, lasting nearly 
twice as long (240 yr). The Spörer oscillatory mode is seen less 
frequently than the Maunder mode. The ‘tC record given by 
Suess’? suggests that the preceding Spérer mode occurred as 
long ago as 700 BC. 

A spectral analysis of the post-AD 730 record yields the curve 
in Fig. 2a. The probability of exceeding, in a random dis- 
tribution, the peak sizes with periods of about 130 and 200 yr 
are, respectively, 1.4 and 4.9 %. 

The so-called ‘Little Ice Age’ in Europe in the seventeenth 
century is sometimes attributed to the solar changes, that took 
place during the Maunder minimum’. If indeed the Sun does 
influence climate in this manner, then there should be many 
more Little Ice Ages because the solar Maunder mode is quite 
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prevalent. One would then also like to postulate a cooling of 
double duration for the less frequent double Maunder (Sp6rer) 
mode. In fact, with four major oscillations during a millennium, 
it would be conceivable that 40-odd little ice ages existed during 
the current Interglacial. Furthermore, one would expect 
similarities in climatic response for certain periods, such as the 
AD 970-1250, and the AD 1610-1899 intervals. 

Figure 3 shows the solar-related AQ, record compared with 
eight climate records. Two of these are based on oxygen-isotope 
ratio measurements in ice cores. The derivation of the ages of 


meester enna ANNO LCN ASTIN CNN E HARM NSOH MMH HTT MEE MEER SIT 


Table 1 Correlation coefficients r derived from cross-correlating the 
HC production rate record given in Fig. 3 ‘AQy curve) with the climate 
records listed below 

At Al 

Fig. 2 Locality r pe (yr) Fea ỌN 

a Oxygen isotopes ice +0.25 56 
core, Devon island ‘* (5%) 

b Oxygen isotopes ice -0,19 -043 -30 +033 90 
core, Camp Century, (19%) 
Greenland" 

c Oxygen isotopes -9.01 -0.26 50 
ice core, Crete, {5%} 
Greenland’ 

d Tree ring width, -0.01 ~0.33 -90 +0.36 50 
Lapland” (6%) (3%) 

e Winter severity index, —0.14 -0.43 ~30 
Russia (1.6%) 

f Tree ring density, -0,31 ~H 
Lauenen, (10% } 

Switzerland’” 

g Winter severity index, 
UK 

h Mean annual 
temperature, UKŻ? 

i Deuterium isotopes 
tree rings, 

White Mountains, 
Nevada 

l Tree ring width, -0,32 ~0.32 0 032 0 
White Mountains, (5%) (5%) 
Nevada” 





+0.05 


~—0.03 
—0.06 


Ll 





The Fmax values are obtained by assuming (1) climate lags the AQ, 
curve (At positive) or (2) climate-influencing variables precede the Q 
changes (Ar negative). The probabilities.of exceeding the listed r values 
in a random series are given in parentheses. max values are only listed for 
time lags of 100 yr or less. 
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the Camp Century core (Fig. 3b) and Devon Island (Fig. 3a) are 
mainly based on ice flow dynamics. The time scale of all other 
curves is based on either tree ring counting or historic dating. 
Ages determined in this manner should be considered more 
accurate than those assigned to the oxygen isotope curves. 

The climate curves in Fig. 3 were constructed from available 
records that are listed in Table 1. These records give information 
on regional climate only. They are used for a comparison with 
the solar record because other, more representative, indicators 
of global climate are not available over such a long interval. 

A downward move of the climatic parameters in Fig. 3 implies 
in all instances a colder environment. The solar AQ,, record is 
plotted on an inverse scale, mainly to facilitate a visual investi- 
gation of a possible relationship between reduced solar activity 
(higher '*C production rates) and colder climate. 

Conclusions that can be drawn from the comparisons made in 
Fig. 3 are: 

(1) The detailed work of Schweingruber et al. on tree ring 
density’’ does not agree with contemporaneity of the Maunder 
minimum and the climatic cooling of the seventeenth century 
that is often referred to as the Little Ice Age. The tree-ring 
density record points to an extended cold episode between AD 
1570 and 1640. This interval coincides with the period of high 
solar activity (low AQy values) between the Sporer and the 
Maunder minimum. Several of the other climate records given in 
Fig. 3 also have a tendency towards colder weather during this 
interval of high solar activity. 

(2) During the Sun’s switch to the less active Spdrer and 
Maunder minimum modes, Russia especially experienced 
colder winters. 
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Correlation coefficients derived from cross-correlating the 
climate and solar curves are small in nearly all cases. These 
coefficients r are given in Table 1, which also lists the oxygen 
isotope record of Crete, Greenland’® and a Lapland tree-ring 
width series, not shown in Fig. 3, for which the r values are 
both —0.01. The White Mountains’ ring width data cross- 
correlate with the solar record at the 5 % significance level. The 
other correlation coefficients indicate a complete absence of a 
direct relationship between the solar Q and climate curves. 

By assuming a time lag between climate and the solar curves, 
it is possible to obtain larger correlation coefficients for several 
of the time series listed in Table 1. There are two possibilities: 
either climate lags the solar curve (Af positive) or the solar 
properties that possibly influence climate precede the O changes 
(Af negative). Table 1 lists those Ar values (At<100 yr) for 
which r reaches a maximum value rnax- 

Because the Q record has substantial autocorrelation (it takes 
a 50-yr lag for the autocorrelation coefficient to approach zero) 
the normal test of significance is no longer applicable. Autocor- 
relation reduces the number of independent observations used 
in interpreting the derived cross-correlation coefficients. The 
effective number N of independent observations were cal- 
culated for each time lag according to the procedures discussed 
by Quenouille*”. The number N was subsequently used in 
deriving the probabilities of exceeding the Table 1 r,,,, values. 

Table 1 lists nine climate series of different regions (series h is 
partially derived from series g and has not been included in the 
following discussion). One hundred and eighty-nine com- 
parisons were made by lagging the data up to 100yr 
(21 comparisons with the Q record for each climate series). In a 
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Fig. 2 Spectral distribution of the post-700 AD lc production rate record (curve A) and climate records (curves a~/). T he various climate 
records are described in Table 1. The dashed line gives the 2a confidence limit whereas the solid line gives the red noise continuum `. 
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Fig. 3 A comparison of climate and !4C production rate records. The various climate records are described in Table 1. 


comparison of non-related time series, the distribution of cor- 
relation coefficients should be 1, 9, 51 and 128 for, respectively, 
the 0-0.3%, 0.3-5%, 5-32% and 32-100% probability inter- 
vals. The Q and climate comparisons yield a distribution of 0, 
12, 50 and 127 correlation coefficients for the intervals listed 
above. The combined lagged climate records therefore do not 
cross-correlate with the Q record beyond random statistics. 

Another approach to the investigation of a Sun—weather 
relationship is to look for common periodicities in the solar 
related AQy, record and the climate records. The climate 
records contain several periodicities (Fig. 2). The closest 
agreement in spectral distribution between the solar related **C 
(curve A) and climate records is obtained for the Russian winter 
severity index (curve e). The spectra of other high-latitude 
regions, such as Camp Century, Greenland (curve b) and 
Lapland (curve d) also partially agree. On the other hand, the 
climate spectra also have several periodicities that are not 
present in the ‘“C derived solar record. One of these periods, 
near 70 yr, is found in four climate records. Note that the 22-yr 
cycle, already discussed by Epstein and Yapp for the D/H 
record (curve i) is also present in the winter severity indices of 
England and Russia (curves g and e), and the Swiss tree-ring 
record (curve f). The 22-yr cycle is absent in the '“C production 
record (curve A) but this is due to a lack of sensitivity for the 
faster oscillations (a rapid decadal production rate change is 
attenuated more, and results in atmospheric '*C variations of a 
few per mil only). 

Earlier studies of the '*C and climate record”**** suggested a 
direct relationship between the solar modulated atmospheric 
"4C levels and climate. These studies did not take into account 
the variable time lag between the atmospheric '“C levels and the 
'*C production rate changes. The precision of the '*C record 
used in those investigations also did not allow for a detailed 
study of a phase shift between solar input function and climate. 
The high precision '*C measurements reported here do not 
support a statistically significant relationship between the 
combined regional climate and '“C time series. 

Many factors influence local climate change, and a solar 
influence on climate can perhaps be expected in a few areas only. 
The Camp Century and Russian climate records demonstrate on 
the basis of the statistical analysis a climate solar relationship 





(albeit 30 yr out of phase). A selective comparison of solar and 
climate records, however, can only be justified if a mechanism 
can be found that explains the postulated increased sensitivity to 
solar changes of these areas. Perhaps jet stream oscillations that 
seem to relate to the 11-yr solar cycle? may provide some 
answers in this direction. 

The length of the records discussed above does not allow for 
the investigation of a solar—climate relationship with periodi- 
cities of the order of millennia*®. Sun—weather effects may still 
also be tied to other parameters of solar change, such as the 
umbra-penumbra ratios discussed by Hoyt™. 

This work was supported by the NSF Climate Dynamics 
Program grant ATM 7821608. P. M. Quay calculated '*C 
production rates through carbon reservoir modelling and P. 
Reimer developed the computer program for spectral analysis. 
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reconstruction in sub-Arctic Alaska 
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Statistical comparisons between tree-ring width sequences and 
climatic records provide a means of identifying climatic limita- 
tions on tree growth and allow the reconstruction of past cli- 
mates. This information is especially important in the North 
American sub-Arctic where climate-growth relationships are 
poorly understood and instrumental weather records are very 
short, typically less than 75 yr. Dendroclimatic reconstructions 
before 1900 are essential for estimating a realistic range of high 
latitude climatic variation, because twentieth century climate is 
now thought to be somewhat anomalous’. While some dendro- 
climatic studies have been carried out in the sub-Arctic’*, none 
has made full use of current multivariate statistical techniques. 
This study, as part of a multidisciplinary investigation of treeline 
fluctuations in the Brooks Range of Alaska, uses ring-width 
sequences of white spruce (Picea glauca [Moench] Voss) to 
define climatic limitations on radial growth at treeline and to 
reconstruct past climatic variables for Fairbanks, Alaska. Mul- 
tiple regression techniques were used to analyse climate—growth 
relationships and the results suggest important modifications to 
the theory that growth at treeline is limited primarily by summer 
temperature**”. For example, we have found that radial growth 
‘is directly related to summer and autumn temperature and 
precipitation during certain months, but is inversely related to 
winter—spring temperature. The same ring-width sequences 
were used to reconstruct average May-July temperature at 
Fairbanks, Alaska, for the period 1829-1930. This recon- 
struction, which more than doubles the length of the existing 
climatic record, was verified by statistically comparing it to 
independent instrumental data. It indicates that the Fairbanks 
area has been warmer in the twentieth century than in the 
nineteenth century during these months. As the longest annual 
record of temperature from northern Alaska, this recon- 
struction provides quantitative evidence for a climatic warming 
similar to that occurring throughout large portions of the 
Northern Hemisphere during the past 100 yr (refs 10-12). 

Fourteen ring-width chronologies were obtained according 
to standard dendrochronological techniques’? from sites 
(67—68° N, 153-155° W) within continuous forest and treeline 
environments in the Walker Lake—Alatna River valley area of 
the Brooks Range. Each chronology represents the average of 
age-standardized ring widths'* of two increment cores from 
each of 15 or more trees. To examine climate—growth relation- 
ships, the chronology of each site was used as the dependent 
variable in a stepwise multiple regression analysis with monthly 
climatic data from the Interior Basin climatic division’® within 
which the sites are located. This analysis, termed response 
function analysis by Fritts et al., defines the correlations of 
radial growth with monthly temperature and precipitation dur- 
ing and preceding the actual growing season. Months before the 
growth season are included in the analysis because climatic 
conditions during this period can affect growth during the 
subsequent summer’*. The growth variance accounted for by 
temperature and precipitation in the 14 analyses ranges from 
11.2 to 54.7% and averages 36.0%. 

The basic form of tke response function was similar at all sites 
and these results are summarized in Fig. 1. This set of climate- 
growth correlations suggests physiological processes which limit 
growth in the sub-Arctic. In addition to the expected positive 
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Fig. 1 Response function summary for: a, temperature; and b, pre- 
cipitation. The vertical scale represents the number of sites exhibiting 
significant (P < 0.05) positive (upper half of scale) or negative (lower half of 
scale) correlation with each climatic variable. The climatic variables are 
mean monthly temperature and total monthly precipitation for the June 
before the growth season through August of the current year. 


correlation with current summer temperature, growth exhibits a 
strong positive correlation with previous autumn temperature 
and negative correlations with previous summer, winter and 
spring temperatures. The positive response of growth to current 
Summer temperature suggests that warm temperatures can 
increase rates of net photosynthesis and enhance growth in 
treeline environments during the growing season. The prom- 
inent positive correlation with previous autumn temperature 
suggests that warm autumn temperatures lead to increased 
photosynthesis after the end of the growing season, resulting in 
greater reserves of carbohydrates for the next year. Note that 
this correlation exists for periods after growth has ceased in the 
preceding summer, suggesting that photosynthates are put into 
reserve rather than used for late-season growth. In fact, climatic 
conditions that hasten the cessation of growth during one sum- 
mer may actually promote increased growth during the next. 
This hypothesis is consistent with the negative correlation of 
growth at all sites with previous July temperature, as low 
temperatures near the end of the growing season can cause early 
termination of growth'*”. 

The negative correlation of growth with winter—spring 
temperature may reflect the adverse effects of winter desic- 
cation'”*'. Thawing of foliage precedes thawing of the stem and 
soil during periods of above average temperature. As a result, 
transpiration is activated while water uptake is inhibited, leading 
to severe water stress. Coupled with this is an increase in 
respiration which, if prolonged, will lead to death of foliage”. 

While precipitation during certain months is strongly cor- 
related with growth, the responses do not follow clear seasonal 
trends and are not as easy to interpret as the temperature 
responses. The water relations of high latitude trees, particularly 
during the dormant months, has not been studied extensively, 
making evaluation of these responses difficult. However, the 
positive correlation for current summer months suggests that 
internal water stress can limit photosynthesis at sub-Arctic 
treeline sites when temperatures are high. Relationships of this 
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type are commonly found on arid or semi-arid sites where 
moisture stress limits growth’’. The south flank of the Brooks 
Range is, in fact, a dry environment, as it receives an average of 
only 332 mm of precipitation per year’* 

These response function results suggest that ring-width 
sequences from Interior Alaska contain significant climatic 
information and can be used to reconstruct past climatic fluctu- 
ations. Dendroclimatic reconstruction is a multistep process 
developed over the past decade by Fritts and others®-'’**. In this 
study, principal component analysis was performed on the 
tree-ring chronologies to concentrate the information present in 
the data into a small number of variables (eigenvectors) and to 
satisfy the statistical- aenmpuon that regression variables are 
linearly independent. 

Annual values. (amplitudes) associated with the first five 
eigenvectors served.as the tree-growth data set in the recon- 
struction. procedure. Numerical relationships between these 
amplitudes and selected Fairbanks climatic variables'® were 


defined by stepwise multiple regression analysis in a process 
termed dy area, has sion esa ee eg 400 km south- east 
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the regression equations. Finally, the reconstructions were 








‘Table L Calibration and verification statistics 


aa We o Reduction No. of 
Cor- Sign Product of tests 


Climatic variable R? relation test mean error passed 
February | 0.394 — — i _ 1 
temperature 7 
May temperature 0.654 ? — ý —_ 2 
June temperature 0.628 t E T 3 
July: temperature 0.475 t na * $ 4 
December pre- 0.369  — . m " 1 
cipitation | | 
Average of recon- t * 5 — 3 


structed May- 
* July temperature 





_~~, Not significant; *, significant at P<0.05; +, significant at P<0.01; ¢, no 
significance test available; positive value considered significant (H. C. Fritts, 
personal communication). © 

The agreement between instrumental! climatic data and the values predicted by 
the regression equation for the calibration period is reflected in the R* value. This 
statistic can be interpreted as the percentage of the climatic variance accounted for 
by the tree-ring data. The regression model included the amplitudes of the first five 
tree-ring eigenvectors, which account for 90.8% of the tree-growth variance as 
independent variables in the regression. Eigenvectors beyond five account for little 


variance individually and are assumed to represent random variation. Additional 


predictive power was gained by lagging these amplitudes 2 yr behind and 1 yr 
ahead of the climatic data for 20 possible independent variables (five eigenvectors 
at t four lags). The final regression equation is 


= (d(x, + (baxa, Jr + (bao) X20.) 


where; y is the m value of mean monthly temperature or total monthly 
precipitation for t = 1932-72. (Here, if June-August represent the growing season 
of year t, the preceding nine months are also considered to be in year r, even though 
September to December are actually part of the preceding calendar year.) b Is the 
regression coefficient for the amplitude i= 1, 20, and x;, is the amplitude value for 
i= 1,20 and t= 1932-72. Again, the 20 coefficients for year ¢ correspond to the 
amplitudes of eigenvectors 1-5 for years t~1, 4, ¢+1 and 1+2. In the stepwise 
multiple. regression, only those variables with an F ratio >1 were used as 
predictors in the final equation. Four verification tests were performed on each 
reconstruction to evaluate the correspondence of reconstructed values with actual 
climatic data. (1) The correlation test is a standard measure of the predictability 
between reconstructed and actual climatic data before the calibration period, (2) 
The sign test is a nonparametric procedure which counts the number of agreements 
and disagreements in sign changes between adjacent years in the two series. (3) 
The product mean assesses both the sign and the magnitude of the departures from 
the calibration period averages. (4) The reduction of error (RE) is a very rigorous 
test of association between a series of actual values and their estimates. It compares 
the sum of squares of the differences between the reconstructed and actual data 
with the sum of squares of differences between the actual data and their mean. The 
degrees of freedom used to test the significance of the correlation and product 
mean tests were adjusted downward to correct for serial correlation present in the 
reconstructed and instrumental time series”*. These tests are described in detail 
elsewhere’, 
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Fig. 2 Climatic reconstructions { } and Fairbanks weather station 

data (~-~---- ) for mean May-July temperature. fe is the correlation 

between the reconstructed and instrumental values for the verification 
period (1906~30), 


verified by statistically testing their similarity to Fairbanks 
instrumental records for 1906-30 which had been withheld from 
the calibration. Reconstructions of May, June and July 
temperature passed (P <0.05) two, three and four of the four 
verification tests respectively. The individual reconstructions of 
these months were averaged for a simplified reconstruction of 
early growth season temperature which passed three of the tests. 
February temperature and December precipitation. each passed 
one of the verification tests, lending some validity to these 
reconstructions. However, this is not considered sufficient 
verification for climatic interpretation. These results, along with 
the R? values for the corresponding calibration equations are 
presented in Table 1. 

The reconstruction of average May-July temperature (Fig. 2) 
indicates that the twentieth century has been approximately 
2.1 °C warmer than the nineteenth century during these months. 

This reconstructed warming episode is consistent with our 
knowledge of treeline fluctuations in Alaska. In the study area, 
healthy seedlings are presently abundant above the treeline, and 
upper elevation stands of white spruce are apparently not 
greatly stressed. These findings indicate a current advance of 
treeline, already noted in other parts of Alaska’**°, and Scan- 
dinavia*’. The expansion of the boreal forest, coupled with the 
warming trend reconstructed for the past 100 yr, is evidence of 
the widespread warming which has been observed in other areas 
of the Northern Hemisphere during this period’’*. The 
magnitude of the climatic warming also supports the finding that 
climatic fluctuations at northern latitudes tend to be more 
pronounced than simultaneous variations in temperate 
regions'”"? 

This study demonstrates the usefulness of Alaskan tree-ring 
sequences and climatic records for dendroclimatic reconstruc- 
tion. In particular, climatic data from distant stations may be 
used successfully, so that sampling need not be restricted to 
those few areas near meteorological stations with long records. 
Our reconstructions can be extended at least 200 yr by the 
collection of longer chronologies from the Brooks Range. 
Refinement of the statistical models will give additional months 
of temperature and precipitation to the reconstructed data set 
producing a more complete view of past climatic fluctuations in 
northern Alaska. 

We thank G. Goldstein, T. Hinckley, R. Reanier, R. Stettler, 
M. Thomashow and F. Ugolini for helpful comments. This 
research was supported by NSF grant DP 76~23041. 
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Much of the search for earthquake prediction schemes has 
centred on the expectation that rocks in the impending source 
area will show dilatancy: the opening of cracks at high stress- 
levels. Recent developments in the theory of seismic wave 
propagation in cracked media’ demonstrate that shear-wave 
splitting will occur in seismic-wave propagation through cracked 
structures, when the cracks have any overall alignment. This 
splitting causes polarization anomalies in the seismograms, and 
it has been suggested’ that dilatancy, induced by the build-up of 
stress before earthquakes, might be recognized and monitored 
by analysis of these anomalies. We present here new obser- 
vations which support this hypothesis. 

The crust and upper mantle of the Earth are thoroughly 
permeated by cracks. Sedimentary rocks contain joints and 
fractures, which can lead to pronounced seismic velocity-aniso- 
tropy in shallow beds”. Igneous rocks in the crust, and possibly 
the crystalline upper-mantle*, contain microcracks within grains 
and along grain boundaries’. These various cracks are essen- 
tially closed and transparent to seismic waves under high iso- 
tropic confining-pressure and low pore-pressure*. The primary 
action of non-hydrostatic stress on rock will be to modify the 
existing lines of weakness (cracks) in the rock, and the effects will 
depend on whether the cracks are initially open or closed, and on 
the relative confining and pore-pressures. At low ambient-stress 
and low pore-pressure, systems of open cracks may be differen- 
tially closed®, and at high ambient-stress, systems of closed 
cracks may be differentially opened, if the pore pressure and 
non-lithostatic stresses are sufficiently high. The term ‘dilatancy’ 
is used here to cover both these differential processes, in addi- 
tion to the usual meaning of the opening of fresh cracks under 
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high local stress-levels. This differential opening of existing 
cracks may occur over substantial distances, and is probably the 
direct cause of many of the precursory phenomena, which are 
sometimes observed hundreds of kilometres from impending 
epicentres’. Laboratory experiments demonstrate that, in 
stressed rock-samples, existing cracks® and newly opened 
cracks*’° both take up pronounced alignments, and certainly all 
stress-induced dilatancy in the Earth will open cracks in prefer- 
red directions. Note that there is now a hypothesis that gas at 
high pore-pressure may exist at deep levels in seismic regions"’, 
so that dilatancy cracks could be gas filled even in the upper 
mantle. 

The wavelengths of seismic waves are so much greater than 
the likely dimensions of any stress-induced cracks, that the 
velocity variations of seismic waves propagating through a 
dilatancy zone of aligned cracks can be modelled by propagation 
through purely-elastic anisotropic media’. Theoretical and 
numerical calculations demonstrate’'*"’* that, except in a few 
specific symmetry-directions, anisotropy writes a characteristic 
signature into the polarization of the shear wavetrain. This 
signature is a distinctive feature of seismic waves propagating 
through anisotropic media and will persist for any following 
isotropic-segments of the path. A plane shear-wave splits on 
entry into a dilatancy zone into two orthogonally-polarized 
phases, which are not, in general, parallel to either the vertical or 
horizontal directions (curved wavefronts show more compli- 
cated effects). These split waves travel with different velocities, 
and result in the shear-wave particle-motion being resolvable 
into nearly-orthogonally polarized components''’*. The arrival 
of these ‘split’ shear-waves may be identified by abrupt changes 
in direction (anomalies) of the particle motion, when plotted in 
polarization diagrams’. The time delay between the phases may 
be estimated from suitable rotated seismograms, or more 
directly from polarization diagrams. This delay is proportional 
to the degree of differential shear-wave anisotropy, and the 
length of the path through the anisotropic rock, which for long 
paths will be the dimensions of the dilatancy zone. 
Consequently, the delay is not very sensitive to small errors in 
epicentral location or focal depth. However, it is sensitive even 
to quite weak crack-anisotropy', and seems to be a way of 
monitoring the whole dilatancy episode from initiation of thé 
stress-induced cracking, through the possible influx of water’, 
to the conclusion of the earthquake sequence. An example of 
the sensitivity is that saturation of dry cracks by water would 
approximately double the differential shear-wave anisotropy for 
about half of all directions of propagation through any given 
system of cracks’, This should be recognizable on the seismo- 
grams, and may help to resolve whether cracks are gas filled at 
depth in the crust, and whether the influx of water is an essential 
part of the source process. Thus, if they can be observed, 
shear-wave polarization-anomalies could lead to a better 
understanding of the whole earthquake source-process. 

We believe that such anomalies have now been observed. For 
several years, delays between shear-wave arrivals on pairs of 
unrotated horizontal-component seismograms have been 
recorded'* on arrays of three-component seismometers in 
seismic regions in Armenia, and Fergana, USSR. The delays 
were observed on between 5 and 10% of all seismograms from 
local and regional events at all azimuths and at distances up to 
450 km. These delays were interpreted’ as being due to shear- 
wave splitting caused by anisotropy directly induced by the 
build-up of stress before an earthquake. Recently, the magni- 
tudes of these delays have been shown to vary before large 
earthquakes, and to be correlated with the directions of nearby 
geological faults’®. However, we consider that anisotropy due to 
crack dilatancy is likely to dominate any anisotropy directly 
induced by stress in the Earth. | 

Gupta!’ probably observed similar anomalies to those of 
Yegorkina et al." from several series of earthquakes in Nevada, 
US, at distances of >100 km from a single three-component 
seismic station. However, the small range of azimuths did not 
allow any convincing interpretation’, and Gupta was misled 
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Fig. 1 Map showing the TDPNET three-component stations, 

with inset of MARNET stations. Most of the local earthquakes 

occurred within the shaded area, and the epicentre of the earth- 

quake used for Fig. 2 is marked by an asterisk. The heavy dashed 

line shows the approximate lines of the Northern Anatolian Fault, 
which in this area appears to be a graben structure. 


into seeking shear-waves split only into SV and SH components, 
when the seismic traces clearly did not display such polariza- 
tions. Gupta’s observations will be discussed in detail elsewhere. 

Similar delays have been observed on records from a small 
closely-spaced network in Turkey, TDPNET (Fig. 1), of three- 
component seismometers specifically designed to monitor 
polarization anomalies. A centre of low-magnitude seismic 
activity was identified near the Northern Anatolian Fault from 
MARNET records (MARNET is a radio-linked seismic 
network spanning the Marmara Sea, Turkey). A collaborative 
project between the Institute of Geological Sciences and 
Kandilli Observatory deployed TDPNET over the swarm 
activity for eight weeks during the summer of 1979. High- 
quality recordings were obtained from several hundred small 


earthquakes at epicentral distances of <20 km, and depths - 


between 8 and 15km. The analogue magnetic-tape records 
were digitized at 100 samples s *, and display impulsive P- and 
S-wave arrivals very suitable for polarization analysis. A few 


records show shear waves arriving at different times on the 
unrotated horizontal-seismograms from events at all azimuths, . 


similar to the observations of Yegorkina etal. "6. The majority, 
however, show shear waves arriving at the same time on both 
horizontal traces, and display shear-wave splitting only when 
plotted in polarization diagrams. 


Figure 2 shows examples of both types of record from the | 


same earthquake at different stations. The seismograms are 
typical of the data set: almost every shear wavetrain with 
sufficient signal-to-noise ratio (several hundred examples) 
shows shear-wave splitting in polarization diagrams, and a few 
show splitting in the unrotated horizontal-seismograma, asin the 
observations of Yegorkina et al. Figure 2a shows separate 
shear-wave arrivals on the two horizontal-components, despite 
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the azimuth to the epicentre being 40° from the instrument 
orientations: the shear arrival on the east-west component is 
about 0.2 s later than the arrival on the north-south. Figure 2b 
shows shear wayes arriving simultaneously on both horizontal 
components. Splitting is not easily identified on the original or 
the rotated seismograms, but is clearly visible in the horizontal 
projection of the polarization diagrams. 

The horizontal polarizations diagrams show abrupt changes in 
the direction of the particle motion. We interpret these anomal- 
ies as the arrival of phases with different linear polarizations due 
to shear-wave splitting in propagation through anisotropic 
material. Any other explanation is untenable: the anomalies 
cannot be caused by isotropic discontinuities, because no iso- 
tropic structure can split shear waves propagating in almost all 


` directions; and it is unlikely to be a source effect, when the 


sources are small and the P-wave arrivals comparatively simple. 
There are very few previous studies of short-period particle- 
motion so it is difficult to know what sort of phenomena to 
expect. Local and regional earthquakes that we have examined 
in a region of low seismicity (Scotland) have elliptical shear- 
motion without the characteristic abrupt turning points of the 
TDPNET records. Orthogonal changes in polarization are 
sometimes observed in local and regional events, when there is a 
mixture of Rayleigh and Love surface-waves present. However, 
this cannot account for orthogonal polarizations in the first 
half-second following the initial shear-arrival, particularly when 
the paths are direct rays with little possibility of head-wave, 
channel-wave, or surface-wave interactions. We consider that 
some form of anisotropy must be the cause of the split shear- 
arrivals. 

We suggest that dilatancy is the only possible explanation of 
this anisotropy. Stress on cracked rock (all crustal rocks are 
heavily cracked*”, although many of these cracks may be initi- 
ally sealed) causes the cracks to open and close anisotropically®, 
and such dilatant structures are expected to cause shear-wave 
splitting’. Dilatancy is the only possible explanation of aniso- 
tropy, which can have such large, if not dominating, effects in 
such otherwise heterogeneous regions as Turkey and Armenia. 
A demonstration that the delays between the shear waves vary 
with time (stress) would confirm our interpretation. 

Clearly, such splitting is not easy to analyse. However, some 
conclusions can be drawn from the existing data: many of the 
shear waves in the TDPNET records (Fig. 2a) and Armenia’* do 
not split parallel to SH or SV, but into more general orien- 
tations. This supports the hypothesis that the splitting is not 
caused by isotropic conversions. It also suggests that the dila- 
tancy is unlikely to consist of horizontal cracking as suggested by 
Wang’, which would result in transverse isotropy and splitting 
only into SH or SV components. 

Figure 2 shows several abrupt changes in direction of the 
shear-wave polarizations. These may be due to complicated 
local structure, but may also be due to a curved wavefront 
propagating through a structure with comparatively strong 
anisotropy. The group-velocity vector is not, in general, 
parallel to the phase-velocity vector in anisotropic media’. 
Consequently, the map of the positions reached by the energy of 
two shear-waves radiating from a point in a given time, the wave 
surface, may be extremely complicated, with three-dimensional 
cusps, ridges, and multiple points. Cusps, in particular, are very 
common features of shear-wave energy propagation in anything 


. other than very weak anisotropy. Rays propagating in directions 


within a cusp may have four shear-wave arrivals, with different 
velocities, different polarizations, and wavefronts which are not 


. parallel. The density of cracks in Earth structures is large enough 


to produce strong anisotropy: the only detailed field measure- 
ments of velocity anisotropy known to us? were interpreted’ as 
due to two sets of intersecting cracks, each with crack density of 
the order of 0.2. The large crack densities were due to large 
dimensions and aspect ratios. Thus, some qrack anisotropy in the 
Earth is strong enough to produce complicated wave-surfaces 
containing cusps, and this is preferred explanation for the 
several abrupt changes of polarization in Fig. 2. 


tt a OUO 





Nature Vol. 286 28 August 1980 


r9 u 20 


S-Waves 


Nature Vol. 286 28 August 1980 





a (ii) 


Ne aaa eea aa eaa aana iaa 
PA N 354 





lrizistatsistvisistol iolsietsisizisisis! 


PR VERTICAL 


PA RADIAL 


PA TRANSVERSE 


t l2iaieistel7tetgiols izisietsistriaiotol 
ASISE, eee! Meee Me MEARNS SAM eter ee Reinert sme 


b (ii) 
RY N 354 





jh i2t3i4isis}7iaisioli|2!314isisi7i$ig9io] 


AY VERTICAL 


AY RADIAL 


AY TRANSVERSE 


i1l2islelsistvisigiol izisieisisi7 Bidiol 
ee Le ee Senne Se 





Fig. 2 Examples of seismograms and polarization diagrams for a 
small earthquake on 15 September 1979 with epicentre 
40°42'10" N, 29°57'13" E, depth 13 km, and magnitude M, = 1.5. 
The seismograms are, from the top: unrotated horizontals 
N 354° E and N 84° E, vertical, and rotated radial and transverse 
components. The numbered polarization-diagrams for P- and 
S-wave arrivals are the projections of the particle motion on to 
three orthogonal-planes for the correspondingly numbered 0.15-s 
time-windows marked either side of the rotated traces. Directions: 
U, up; D, down; T, towards; A, away from the source. L, left: R, 
right in the direction of the station. Each set of three diagrams has 
been normalized and the relative multiplication factor is marked at 
the bottom left of each diagram. The heavy arrows on the horizon- 
tal projection of the S waves mark the first S-wave arrival, and the 
subsequent arrivals of phases with different polarizations. Cross 
bars marked on the polarization diagrams at every 1/100, allow 
delays to be estimated. a, Seismograms at PA: hypocentral dis- 
tance 17 km; azimuth of arrival N 305° E. b, Seismograms at AY: 
hypocentral distance 18 km; azimuth of arrival N 5° E. 
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Our comparatively simple hypothesis of extensive dilatancy 
links several previously unrelated earthquake phenomena, and 
seems to be present to the several seismic regions of North 
Anatolia, Armenia, Fergana, and possibly Nevada. Our sugges- 
tion that stress in the Earth can be monitored by examining 
shear wavetrains in polarization diagrams would be very 
important for earthquake prediction studies. All previous pre- 
cursors, including Vp/ Vs anomalies’, are probably indirect 
effects of this dilatancy, and seem to occur unpredictably. The 
TDP experiment suggests that polarization anomalies may occur 
in almost all shear wavetrains propagating through dilatancy 
zones, and might be generally available for estimating changes in 
the Earth’s stress. 

We thank Dr J. C. Savage for helpful comments, This research 
has been supported by various organizations, but mostly by the 
Natural Environment Research Council and Kandilli Observ- 
atory. This letter is published with the approval of the director 
of the Institute of Geological Sciences. 
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A distinct core of tritium (from nuclear weapons testing in the 
atmosphere) marks the southward flowing jet of the deep west- 
ern boundary current of the North Atlantic circulation at 30 °N 
latitude. The concentrations, of the order of 0.5-1.0 TU (1 
tritium unit = 1 °H atom per 10°H atoms), indicate a roughly 
10-fold dilution of source waters in the far north. This thin jet, 
50 km in width, carries water into subtropical regions which, 
until recently, were free of anthropogenic tritium. It underlies 
the more extensive distributions of tritium found in more rapidly 
renewed waters above the permanent thermocline. 
The deep waters of the world’s oceans have descended from 
the sea surface in a very few regions of the far northern and 
southern Atlantic. Stable density stratification constrains the 
actual sinking processes to be locally intense and variable, but 
the great mass of deep ocean is such that the replenishment 
process proceeds on a time scale of centuries. This planetary- 
scale thermohaline convection thus provides a long time- 
constant for many aspects of the ocean~atmosphere system. 
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Both climatic change and the dispersal of pollutants and trace 
chemicals in the biosphere are influenced by the slow over- 
turning of the sea, 

Observations’ (Fig. 1a) and theory” suggest that the deep 
and abyssal flow proceeds initially equatorwards, away from the 
sources of sinking water, along concentrated paths lying near 
western continental or topographic boundaries. A complemen- 
tary poleward and upward circulation occurs, apparently, as a 
broad, weak flow in the interior of the ocean basins. The 
combination of this circulation with turbulent exchange between 
boundary current and interior establishes the large-scale 





30°N 





gradients of chemical properties, such as the saline tongue’ in 
Fig. 1a. The flow at this temperature horizon (1.9 °C) is trace- 
able to both Arctic and Antarctic sinking regions. 

The decisive influence of boundary currents on the global 
distributions of trace material has motivated an observational 
programme, described elsewhere’, at a site where the deep 
boundary current is particularly well defined, Fig. 1b. In this 
programme current meters, CTD profilers, XBT probes and, by 
chance, visitation, drifting surface- and deep floats were used to 
examine the core of the current, and its relationship with the 
basin-wide circulation. 
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Fig. 1 The flow of the deep western boundary current in the 
North Atlantic Ocean. a, The area of study (W) is projected on the 
salinity distribution of the 1.9°C potential temperature surface 
[after ref. 8]. The line labelled GFZ75 represents an upstream 
section referred to in the text. b, A close-up of the area of study 
showing detailed bathymetry (200-m contours), the station loca- 
tions (@) and 12-month mean current vectors. Depth of each 
current meter indicated (in km). c, Twelve-month current records 
at a mooring located in the core of the boundary current (near the 
ridge crest, Fig. 2a). Depth is indicated {in m). Each line represents 
a horizontal current vector, plotted so that ‘down’ corresponds to 
‘south’. The intensity of the deep flow (3,802 m, 200m above 
bottom) is evident. The date of the tritium sampling was mid- 
August, following a brief hiatus in late July, a feature which is 
coherent in other records. 
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’ Asa part of the geochemical programme, 280 samples were 
taken for tritium analysis. Being part of the water molecule, 
tritium represents an ideally passive tracer. There are no known 
chemical or biological processes in the deep sea that alter or 
scavenge it. Tritium has well-defined but time-dependent 
boundary conditions and its lifetime (12.26 yr half life) is 
comparable to the circulation time scale of the western deep 
North Atlantic. Unlike the relatively steady-state nature of 
other geochemicals, the natural inventory of tritium has been 
dwarfed by massive production by recent nuclear weapons 
testing’’. This tritium ‘spike’ entered the surface oceans pri- 
marily at high northern latitudes’ in the form of tritiated 
water, Natural surface water tritium concentrations were about 
0.2 TU. Present subtropical surface water concentrations are of 
the order of 5 TU, and were higher than this in 1964-65, soon 
after the peak in weapons testing. Ostlund et al.” reported 
tritium measurements from the 1972 GEOSECS expedition 
which clearly showed the sinking and southward penetration of 
tritium. South of 40 °N, however, the North Atlantic GEOSECS 
track left the western boundary, and no further abyssal tritium 
was apparently recorded. At shallower depths other studies 
have documented the downward penetration of tritium into the 
main thermocline’*”’. 

In the present experiment we sought to determine how much 
water flows equatorwards at the mid-latitude western boundary, 
and how much of this water is of far-northern origin. The 
observations were sited near the Blake—~Bahama Outer Ridge at 
30°N latitude. This prominent sedimentary ridge acts as the 
western boundary of the ocean at levels deeper than ~3,500 m. 
The 12-month average currents seen at four moorings show 
clearly the boundary current winding along contours of constant 
depth (Fig. 1b). The easternmost mooring exhibits a weak flow 
counter to the jet (northwestward), thus establishing the width 
of the jet at ~50 km. 

A sample current record’ (Fig. 1c) shows the increase in 
intensity of the jet with depth, on the eastern flank of the ridge. 
Despite surges of 40 cms” and occasional periods with no 
southward flow, the mean velocity, 21 cms", is quite represen- 
tative. The time of tritium sampling, 4—8 August 1977, occurred 
shortly after a hiatus, but is characterized by velocity typical 
mean conditions. - 

Samples were taken using a 24-bottle, 1.2-] Niskin rosette 
sampler mounted on the CTD frame. The samples were trans- 
ferred to GEOSECS-type clamped copper tubes*®. Tritium was 
determined by the "He regrowth technique’’ to an accuracy of 
1.5% and a detection limit of 0.04 Tu. 

The deep western boundary current is distinctly outlined by a 
high concentration of tritium, Fig. 2a. The core overlies the 
ridge at ~4 km depth. Tritium levels decrease dramatically both 
above and to the east of the jet, but with some evidence of 
activity in the westernmost part of the section. The potential 
isotherms (dashed) superimposed on Fig. 2 are banked up on 
both sides of the ridge, consistent with the strong southward flow 
on the eastern side, and northward flow on the western side. 

The most intense (highest tritium level) part of the core is 
noticeably smaller than the region of banked isotherms. The 
tritium isopleths extend over the ridge-crest, more or less along 
potential isotherms. If this were an ideal flow directly parallel to 
the depth contours, the currents on the western and eastern sides 
of the crest would be effectively 400 km apart, in the down- 
stream sense. The continuity of the tritium core, however, 
suggests that some cross-ridge flow is taking place. This flow is 


verified both in current-meter and drifting float data (note the. 


veering with depth of the mean current vectors, Fig. 15). The 
eastward turn in the depth contours is apparently too sharp to be 
negotiated by the jet, which rides over the crest. 

The tritium data are plotted against potential temperature in 
Fig. 2b. For reference we have also plotted the mean data for the 
Panulirus station off Bermuda (32°N, 64.5° W)”, and for-a 
section across 53° N", This section is labelled GFZ-75 on Fig. 
la. The Panulirus data were taken at essentially the same time 
as the present section, whereas the 53° N section occurred 2 yr 
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Fig. 2 The tritium results for the section. a, The tritium isopleths 
(solid Hnes) for the undercurrent hug the ridge, and extend over the 
ridge in a manner parallel to the isotherms (dashed Hnes). The 
far-northern water, marked in this way, occupies only a small part 
of the broader southward flow at this time. Note also the westward 
enhancement of the shallow (350 m) tritum maximum, and the 
associated thermal structure (that is, the dip in the 18 and 19°C 
isotherms). ©, Current meter positions. b, The temperature- 
trithum relation for the stations. @, Stations Gutslde of the current; 
O, corresponds to undercurrent stations. For comparison, the 
Tp~H curves for a central Sargasso Sea station (Panulirus) and an 
upstream section (see Fig. 1a) are shown. 
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earlier. The principal source for the deepest levels is the Den- 
mark Strait overflow of waters from the Greenland—Norwegian 
Sea, with lesser contributions from the Iceland~Scotland 
overfiow farther to the east. If the far northern section indeed 
represents the upstream boundary conditions for the deep flow 
at the Blake~Bahama Outer Ridge, then we are observing an 
effective dilution of those waters by a factor of 5-10. 

Above the tritium core the concentrations decrease essen- 
tially to zero at ~2.8 °C or 3,000 m depth (0.01 +0.03 TU, seven 
analyses). It is remarkable that this zero layer occurs at these 
temperatures, for a persistent southward flow is observed at 
2,000 m and below (Fig. 15), and the penetration of North 
Atlantic Deep Water at these levels throughout the world ocean 
requires southward transport at this latitude. At the time of this 
section, the water in the ‘zero layer’ had apparently been 
entrained from subtropical mid-ocean, rather than having 
fiowed simply from the far north. SOFAR float data of Rossby 
exhibit several chance occurrences of this kind of entrainment at 
1,900 m depth. An upper limit to the amount of ‘northern 
component water’ at this depth is found by comparing the 
<0.07 TU (95% confidence limit) in this water with the >2 TU 
found in the corresponding source waters, giving a maximum 
contribution of a few per cent. The dynamics of the mean 
circulation changes greatly with depth, as shown by this cut-off 
of tritium. The role of mesoscale eddies may be important, both 
in determining the time-mean circulation’? and in causing 
sampling problems in sections like this one. 

Above the ‘zero layer’, at temperature >3.4 °C, the tritium 
increases to a slight maximum in the range 4-6 °C. This feature 
corresponds closely to the feature observed in the Panulirus 
data’*, but it is less intense. The two data sets merge below this 
maximum (3-4 °C) and also within the main thermocline (10- 
15°C). In the upper thermocline the mean gyre is larger in 
extent, and eddy stirring more intense, than in the deep water. 
One expects tritium to be more broadly distributed, therefore, at 
upper levels, just as Fig. 2b suggests. Above 18 °C the present 
data tend to drop to lower tritium concentrations. The subsur- 
face maximum is evidence of southward penetration of freshly 
ventilated 18°-water away from its formation region, just south 
of the Gulf Stream. A westward tritium enhancement can be 
seen in section in Fig. 2a, at a depth of 300-500 m. Analysis of 
the current meters and XBT data’ associates this upper pattern 
with a particularly large, energetic, anti-cyclonic eddy of the 
18°-water. It may be that upper-level Gulf Stream rings and 
other thermocline eddies carry distinct tritium markings. 

The detection of a substantial tritium signal in the core of the 
deep western boundary current at 30°N establishes a transit 
time of <15 yr for water from the far northern ocean surface, 
with from 5- to 10-fold dilution. The transit time along the deep 
western boundary, itself, would require only of the order of 
2 yr, at speeds of the order of 10 cms”’. Abyssal tritium has not, 
to our knowledge, been seen before equatorwards of the polar 
front. Because of the eddy mixing and eddy-induced deep 
circulation, particularly that beneath the Gulf Stream, we could 
not be certain that the core of northern water would occur in the 
boundary current. In fact, a neighbouring section, 150 km to the 
south, showed far weaker anomolies of dissolved silicate, 
implying that other markers of northern origin like tritium 
would, in that instance, be weak as well. Conversely, we expect 
tritium to appear intermittently outside of the boundary current, 
in mid-ocean (although none was reported at this latitude, at 
50° W longitude, in the GEOSECS section’”). 

The strong differences in eddy stirring, mixing, and mean 
circulation, from one depth to the next, are mirrored in the 
tritium concentration. Further sampling may help to establish 
the broader patterns of penetration across the Gulf Stream 
front. The results reported here underline the value of combin- 
ing a variety of measurement techniques (current meters, XBT 
and CTD transects, floats and standard geochemistry) with 
radiochemical measurements. It would be of great import to 
problems in deep-water circulation and to the related problems 
in climatology (through oceanic heat-flux), atmospheric chem- 
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istry and dynamics, to obtain more such data before the tritium 
transient expires. 
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N00014-76-C-0197, NR 083-400 with the Office of Naval 
Research and grant nos OCE 76-81774 and OCE 76-81190 
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Oceanographic Institution. 
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Investigations into the association of manganese nodules with 
pelagic sediment in many areas of the deep ocean have mainly 
considered either (1) the source of metals in nodules, or (2) the 
occurrence of nodules predominantly at the sediment surface. 
The second problem is duscussed here. The mechanisms pre- 
viously proposed have failed to consider that nodules retain 
their orientation at the sediment surface for several hundred- 
thousand years, during which time several tens of centimetres of 
sediment are fluxed down beneath them. Although we have no 
conclusive evidence, we consider the most plausible explanation 
for the surface occurrence of nodules to be bioturbation by 
infauna. 

Approximately half of all nodules occurring in the upper few 
metres of pelagic sediment are at the sediment surface’, 
Radiometric and non-radiometric techniques’ require that 
these nodules accrete at a rate of ~1-10 mm Myr *. The fine- 
grained fraction of sediment on which nodules rest, consisting 
mostly of lithogenic debris and biogenic SiO, and CaQs, decu- 
mulates° at arate of ~1-10 mm kyr™*. Why then are nodules not 
buried by this ‘avalanche’ of fine-grained sediment? 

Nodules, usually spherical to discoidal, have a diameter 
between ~5 and 100 mm, but average’ about 30 mm. Assuming 
an approximate growth rate of 5 mm Myr’, which is indepen- 
dent of size®, nodule ages are of the order of 1-10 Myr. In most 
areas, the surface sediment on which they rest is still accumulat- 
ing. What is the mechanism which redistributes the continuously 
accumulating fine-grained fraction of sediment beneath 
nodules? In some exceptional areas, however, nodules rest on 
ancient sediment’? where erosion may currently be occurring. 

Because nodules are denser than the underlying sediment, 
this suggests that nodules should sink through the upper layer of 
unconsolidated clays, which consist)’ of 80%, or more, inter- 
stitial water. Hypotheses explaining the surface occurrence of 
nodules have been coupled with explanations of how nodules 
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Fig.1 a, Bottom photograph taken at 126°05' W, 15°08’ N, 4,520 m depth. b, Relief map of the sea floor. The numbers in the enclosed contours 

give the approximate elevation (+) and depth (—) of these areas from the intervening area. The compass face is 7.5 cm in diameter. The compass is 

approximately 1 m above the bottom. Nodule coverage is often greatest in depressions; see, for example, the 2-cm depression north of the 

compass vane. The south-facing slope of this depression has low nodule coverage, suggesting that nodules have moved down slope into the 

depression. The area immediately surrounding the 10-cm mound has a nodule coverage similar to the rest of the area, suggesting that nodules 
have not been moved laterally during its construction. 


are pushed up against this apparent tendency to sink. This 
approach requires active means of moving nodules upwards. 
There are several objections to these active mechanisms of 
keeping nodules on top of the sediment, but first we consider 
density. 

According to Archimedes’ principle, an object wholly or 
partially immersed in a fluid floats if its density is less and sinks if 
its density is greater than the fluid density. As the wet densities 
of nodules and sediment are ~2.4 and 1.3 g cm™° respectively, 
why do nodules not sink through the upper layer of sediment? 
This layer, consisting of the most recently fallen sediment, is 
unconsolidated. 

Vane shear measurements show that this sediment layer has 
solid- as well as fluid-like properties. Comparing these 
measurements with calculated loads exerted by nodules 
indicates that the sediment strength is much greater than that 
required to support surface nodules. Measurements have been 
made on box cores from the three Domes areas in the equatorial 
North Pacific’®. Only the heaviest nodules and weakest sedi- 
ment were considered. At a depth of 7 cm, the sediment has a 
strength 40-170-fold greater than that required to support 
surface nodules (Table 1). Shear strength measurements on the 
upper few centimetres of sediment are rare but they suggest a 





Table 1 Comparison of sediment shear strength at a depth of 7 cm in 
five box cores* and the load exerted by the largest nodules within each 





box core. 
Dome cores Nodule load Sediment strength 

station-box core (p.s.i.) (p.s.i.) 
47-12 0.012 2.04 
50-30 0.013 0.92 
49-25 0.016 1.00 
50-32 0.017 0.72 
57-57 0.010 0.73 





* The cores were collected in the equatorial North Pacific at the three 
Domes sites. See ref. 10 for exact locations and depths. 


decrease towards the surface of ~75%. However, in the upper 
7 cm of sediment, where nodules are most abundant, the critical 
load, the total load that sediment is capable of supporting before 
its failure, is six times greater than the measured shear strength, 
owing to the shear pattern developed during failure’’. Thus, 
once nodules are positioned at the surface, the sediment 
strength is more than adequate to support them, that is, to 
prevent their sinking. 

Previous explanations of the sea floor occurrence of nodules 
can be divided into two groups of mechanisms, physical and 
biological. The physical group considers that nodules are picked 
up and/or rolled over by bottom currents’’, or maintained at the 
surface by seismic activity’. Glasby’? considered the force that 
bottom currents might apply to a nodule and found that it is 
comparable with the force necessary to maintain a nodule at the 
surface. However, it is not clear how a horizontally moving 
bottom current could move a partially buried nodule in a vertical 
direction without also suspending a quantity of fine sediment, 
which, on redeposition, would bury the nodules deeply. There 
are two other arguments against this mechanism. 

First, if currents are responsible for rolling nodules over, large 
nodules are more likely to be buried than small nodules. Heath® 
has shown, however, that burial of nodules is independent of 
nodule size. Second, nodules retair the same orientation in the 
sediment for several 100,000 yr. According to Glasby, 
development of the different surface textures observed on the 
top and the bottom of nodules requires ~2.5 x 10° yr. 
Radiometric analysis of nodule tops and bottoms'*** also 
requires that nodules maintained a single orientation for 0.5-5 x 
10° yr. Polynucleated nodules are frequently recovered from the 
sea floor. If 0.5 mm of concretion is needed to hold two nodules 
together, several 100,000 yr are required during which the two 
nodules could not have moved with respect to each other. Thus 
nodules are thought to turn over no more often than every 
250,000-500,000 yr. The amount of sediment accumulating 
during this time in most nodule areas is, several tens of centi- 
metres, enough to bury nodules deeply. Thus, any dynamic 
process that turns nodules over cannot maintain them at the 
surface. 
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The possible effect of seismic activity'* cannot be discounted, 
but nodules occur’® in oceans in some of the World’s most 
seismically quiet areas’ ’. 

The role that organisms might have has been variously dis- 
cussed. Menard’ has examined bottom photographs which 
show organisms partially protruding from under nodule edges. 
He suggested that these organisms may be pushing nodules up. 
It has been suggested'*** that organisms may maintain nodules 
at the surface by rolling them over. This mechanism has the 
same difficulties as any dynamic process. Epifaunal organisms 
may remove sediment from nodule tops, possibly as part of their 
feeding activity*’. This activity may keep the nodules free of 
sediment temporarily but it does not contribute to the down 
fluxing of sediment beneath nodules. In the absence of sediment 
down fluxing, the sea floor would soon develop a waffie-like 
pattern, with a nodule occupying the depression. No such evi- 
dence has been found in hundreds of stereophotographs taken 
of the seafloor in the equatorial North Pacific. Instead, sediment 
in internodule areas is lower than the nodule tops. 

Bottom photographs indicate that organisms actually bury 
nodules. In many bottom photographs that show a nodule 
coverage of 25%, areas barren of nodules often correspond to 
mounds. These mounds, either circular or elongate, in plan view 
and a few centimetres high, often have a small caldera at the top. 
Mounds of this type are never surrounded by nodule concen- 
tration significantly different from that observed throughout the 
photograph (Fig. 1a). Clearly these mounds are constructed by 
infauna that excavate sediment from beneath and pile it on top 
of the nodules. This mechanism may allow nodules to drift 
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Fig.2 Subcores from box cores DJ-25 and -12 at Domes Site A, 
8°27' N, 150°47' W, ~5,200 m. Intersecting burrows are present in 
DJ-25 at a depth of 10 cm and 14 cm. The nodule in DJ-12 rests on 
~0.2 cm of light-coloured surface sediment, which also fills the 
large burrow at 6 cm depth. Scale, 20 cm. Unit 1: 0.2-10 cm thick; 
strongly mottled; greyish-orange and pale yellowish-brown; 95% 
Quaternary radiolaria; Surface nodules have granular texture and 
2-10 cm diameter. Unit 2: Greyish-brown mottling with surface 
sediment; dominantly Miocene—Eocene radiolaria with <1-5% 
Quaternary radiolaria. 
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downward, and become buried. It would also allow nodules to 
turn, or rotate, during any downward plunge of a few centi- 
metres, provided that undermining was not laterally uniform. 

These mounds are superimposed on a sea floor topography 
consisting of ridges and depressions which have a relief of 
~5 cm. These depressions, 15-25 cm across and having a rela- 
tively high nodule coverage, are usually surrounded by a ridge 
which slopes more steeply into than away from the depression. 
The steeper slope often has a relatively low nodule coverage, 
suggesting that nodules have drifted down slope into the 
depression. 

How do nodules remain unburied at the sediment surface 
without reorientation for up to 500,000 yr and how does sedi- 
ment end up beneath a relatively motionless nodule? The 
mechanism must transport sediment beneath the nodule at a 
rate fast enough to overcome sedimentation of new material as 
well as to overcome the activity of mound-building organisms. 
Bioturbation might provide the appropriate downward sedi- 
ment flux which leaves the nodules exposed and undisturbed. 

Bioturbation by infauna can transport sediment with two 
possible effects. (1) Organisms can excavate a volume of sedi- 
ment at depth and fill in with an equal volume of sediment. The 
fill material may or may not be more compacted than the original 
sediment. It will probably contain a fraction of recently 
deposited surface sediment as this sediment should contain the 
greatest percentage of labile organic matter. Replacement by 
more compacted sediment produces a net downward flux but 
does not lift the sea floor. (2) Organisms can wedge through the 
subsurface sediment and fill in with some fraction of the 
uppermost surface material. This option results in lifting of the 
sea floor, that is, nodules and the surface veneer of sediment. At 
a depth as great as several millimetres below the nodules, 
wedging and filling might well leave surface nodules undis- 
turbed. 

Bioturbation and downfluxing of sediment through inter- 
nodule areas are strongly supported by mottling (Fig. 2) and by 
the frequent occurrence of mixed fauna in the uppermost few 
tens of centimetres of sediment. Quaternary species decrease in 
relative abundance with depth in the sediment. Quaternary 
plankton often are mixed with those of Tertiary age, and the 
Quaternary species decrease in relative abundance with depth in 
the sediment*’. Examination of 25 box cores taken at the three 
Domes sites supports excavation, however, as opposed to 
wedging. In three cores where cross-cutting burrows are well 
preserved (Fig. 2), the older burrow seems to be undeformed by 
the younger burrow. 

For manganese nodules to remain at the surface of the sea 
floor, sediment must be transported and redistributed beneath 
them in a way that does not allow the nodule to move with 
respect to its immediate surroundings. Several tens of centi- 
metres of sediment must be fluxed downward through inter- 
nodule areas, during which time the orientation of the nodule is 
not changed. Active mechanisms, which require rotation of the 
nodules, cannot account for their occurrence at the surface of 
the sea floor. Wedging through the sediment by infauna such as 
annelid worms and pelecypods—organisms common to the 
abyssal environment” —and infilling with surface material could 
provide the mechanism. This type of activity within the pelagic 
environment, may account for the occurrence of ridges and 
depressions, which have a relief of a few centimetres (Fig. 1b). 
Wedging by earthworms has been documented by Darwin”, but 
this mechanism for the deep ocean is supported more by default 
of other processes than by observations. 

We thank J. Bischoff and H. Cook for constructive comments 
and the Domes office of NOAA for its support. 
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The extent of racemization of amino acids provides valuable 
information on the chronology of various fossil materials’. In 
bone, aspartic acid has received the most attention, and the D/L 
ratio of this amino acid has been used to estimate ages of human 
skeletal remains*”. These estimates were, however, based on 
the degree of racemization determined for total remnant aspar- 
tic acid which may exist in various forms (that is, protein, peptide 
and free amino acid). The effect of the chemical state of amino 
acids on amino acid racemization rates or ages in calcareous 
marine sediments’° and shells’’ has been discussed. In bones, 
the non-dialysable material in a heated modern sample has a 
lower racemization rate (isoleucine) than the total organic 
matrix'’; free amino acids in fossil bone are more highly 
racemized than are bound (HCl-insoluble) amino acids’. 
The present investigation was designed to assess such fluctua- 
tion of aspartic acid racemization age for a given bone speci- 
men as caused by the variability of the form in which the amino 
acid is present. 

Bones for amino acid analysis were taken from the layers 20, 
23B and 25B of the Taishaku Kannondo cave site, Taishaku 
Ravine, Hiroshima Prefecture in western Japan. All the speci- 
mens were long bone fragments of deer or wild boar. A radio- 
carbon date for a cultural horizon comparable to the layer 20 is 
10,085 + 320 yr BP (I-943)'**. On the basis of stratigraphical 
and tephrochronological comparisons'*'*, we assume that the 
layer 23B is dated 16,000 yr BP. Layer 25B is of unknown age, 
but is overlain by the calcic layer of 24A, which was radiocar- 
bon-dated at 20,150+300yr BP. An outline of the 
archaeological contexts of the Taishaku Kannondo site is given 
elsewhere'**, 

A small piece (~0.3 g) of transverse section of Substantia 
compacta, cut from each fossil bone, was carefully cleaned by 
ultrasonication in 0.1 M HCI, ether and double-distilled water. 
After cleansing, the bones were pulverized and mixed in layers 
to make an homogeneous powder weighing 1-2 g. Amino acid 
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fractions were isolated using the procedure outlined in Fig. 1. 
The ratios of D to L-aspartic acid were determined by gas-liquid 
chromatography of the N-trifluoroacetyl isopropyl esters on a 
30 m x 0.28 mm i.d. glass capillary coated with N,N’-[2,4-(6- 
ethoxy-s-triazine)diyl]-bis-(L-valyl-L-valine isopropyl ester)? 
(AE-402, from Gasukuro Kogyo, Inc.). 

Figure 2 shows a chromatogram obtained for the Tot fraction 
in the sample from the layer 23B. Table 1 includes the D/L 
aspartic acid ratios for Ins, Sp and Tot fractions. Insufficient 
quantities of amino acids, except glycine, for analysis were 
available in any Sf fractions, and even the glycine was <0.2% 
relative to that in Ins fraction. This would be due to removal of 
free amino acids by percolation of ground water or by the 
ultrasonic cleansing”. 

The interconversion of aspartic acid enantiomers is a rever- 
sible first order reaction, represented by: 


k 
L-Asp = D-Asp 


where k is the rate constant. Expressed in the integrated form as 
a function of time (1), the racemization age equation can be 
written as 


In æ, — constant = 2kr 


where a =(1+D-Asp/L-Asp)/(1—-D-Asp/L-Asp) at time 1 
after the start of the reaction. The integration constant is a 
correction mainly due to the small amount of racemization that 
takes place during sample preparation procedures. For example, 
the value of this constant for Tot fraction, calculated from our 
datum (D/L = 0.063) obtained for a modern bone, is 0.126. 
However, where it is possible to use two bones from a single site, 
the dates (1,, t2) of which lie at a time interval suitable for 
‘calibration®’, the rate constant of racemization during the 
interval f, ~t is given by: 


2k = (In a, ~ In an)/(f ~ fa). 


When 4 >f, and i is the age of the start of the Holocene 
(~11,000 yr), this equation yields the pre-Holocene k value. 
Thus the k values in Table 1, calculated with the samples from 
the layers 20 and 23B used for ‘calibration’, correspond 
approximately to the pre-Holocene rate constants for the 
respective fractions. This procedure eliminates the need of 
setting the enantiomeric ratio for modern bone in the aspartic 
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Fig. 1 Fractionation of remnant amino acids in fossil bone. Tot, 
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acid racemization age equation, thus minimizing the errors that 
result from the changes in, for example, concentrations of 
noncollagen proteins’*?° and metal ions in bone with the lapse 
of time in geological environments. Note that our k values are 
not directly comparable with the late Pleistocene k values pre- 
sented by Bada et al. (see, for example, ref. 1), as we subtract 
out the greater part of the Holocene & value. 

As Table 1 shows, the order of racemization rates is Sp 
fraction > Tot fraction > Ins fraction, comparing well with that 
observed in foraminifera’® or in shell’'. This result is also 
consistent with what Bada’ found for the total bone organic 
fraction versus the non-dialysable fraction. 

The racemization age of the layer 25B sample is calculated 
from 


t=t,+(In a,—In @,,)/2k. 


Substituting 10,085 for t,, and with the other relevant data, we 
have 23,700 yr BP (Ins fr.), 19,900 yr BP (Sp fr.) and 22,900 yr 
BP (Tot fr.). The D/L Asp data in Table 1 give the proportions of 
aspartic acid in peptide to protein form (Sp/Ins—Asp) in bone. 
These values are 41, 48 and 63% for the samples from the layers 
20, 23B and 25B respectively. The increase in SP/Ins—Asp value 
in the longer-buried bones suggests the continuous degradation 
of collagen. The introduction of the collagen-breakdown 
product (less racemized) into the Sp fraction may induce the 
lower age estimate for this fraction. Preliminary analyses of 
main components of amino acid extracts showed that these Sp 
fractions are collagenous in composition, although the 
Hypro/Pro and Ala/Pro ratios in Sp fractions are ~17% and 
23% reduced relative to those in respective Ins fractions. The 
above findings would have a notable bearing on the radiocarbon 
dating of bone. The HCl-insoluble fraction, which is usually 
used for '*C dating, becomes less and less abundant with time. 
Hence, it would be very interesting to radiocarbon-date the 
HCl-soluble fraction to which little attention has previously 
been paid. 

The two racemization ages of the Ins and the Tot fractions are 
compatible with the radiocarbon date of the layer 24A. 
However, the age estimate based on the total aspartic acid could 
vary with the proportion of this amino acid in soluble to in- 
soluble state. Variance of Sp/Ins—Asp value in the layer 25B 
sample, for example, from 50 to 70% should yield the racemiza- 
tion age of 20,000-24,000 yr BP for the Tot fraction. 

Such fractional amino acid analyses provide a way of aspartic 
acid racemization-dating of fossil bone. Where the Sp fraction 
has a collagenous origin, it is useful for estimating a minimum (or 
maximum in the case of dating bone with an age less than that of 
the calibration sample) age, which because of its faster race- 
mization rate is particularly promising for the younger fossils. 
The aspartic acid racemization reaction for the Ins fraction 
seems to be a basis to give reliable age estimates for older fossil 
bones with ages ranging several hundred thousand yr BP. For the 





Table 1 Aspartic acid racemization in fossil bones from the Kannondo 





cave site 
Aspartic acid age 
Layer D/L Asp (yr BP) 
Ins fraction 
20 0.084 = ee ae 
23B ee k= 1.7010" ys 
25B 0.107 23,700 
Sp fraction 
20 0.199 z ee 
25B 0.283 19,900 
Tot fraction 
20 0.115 _ ae 
33B aa k=4.30x10 "yr 
95B 0.169 22,900 


a er 
Analysable amounts of aspartic acid have not been contained in any Sf 
fractions. 
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Fig.2 Gas chromatogram of N-trifluoroacety]! isopropyl esters of 
amino acids recovered from the total hydrolysate of the layer 23B 
sample from the Kannondo cave site. Chromatography: 30 mx 
0.28mm id. column coated with N,N’-[2,4-(6-ethoxy-s-tri- 
azine)diyl]-bis-(L-valyl-L-valine isopropyl ester); temperature, 
135°C isothermal; He pressure, 7 p.s., FID detector. 


Tot fraction, the degree of amino acid racemization could be 
depenedent on the dynamics of collagen decomposition. Pro- 
vided that the ratio of partially degraded to pure collagen 
exhibits a steady increase with burial time (as is supposed to be 
the case with bones from a single site), a measurement of the 
extent of racemization on the total hydrolysate would still have 
archaeological significance. Where the same calibration is 
applied to fossil samples with different environmental factors 
involving the disintegration rate of collagen (probably mainly 
due to humidity in the site), assuming the effective temperature 
for racemization is nearly identical, then misleading age esti- 
mates would be generated. 

The present approach would also be useful in overcoming the 
obstacle caused by the difference in the ‘leaching effect” and in 
improving the reliability of the racemization dating method. 

We thank Dr Y. Seyama for his interest and co-operation, Dr 
E. Gil-Av for advice, Dr J. L. Bada for criticisms, and Miss A. 
Nakatsuka for drafting help. Bone specimens were provided by 
the Research Group of Taishaku-kyo sites. 
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Enhanced plant growth by siderophores 
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Specific strains of the Pseudomonas fluorescens-putida group 
have recently been used as seed inoculants on crop plants to 
promote growth and increase yields. These pseudomonads, 
termed plant growth-promoting rhizobacteria (PGPR), rapidly 
colonize plant roots of potato, sugar beet and radish, and cause 
statistically significant yield increases up to 144% in field 
tests". These results prompted us to investigate the mechanism 
by which plant growth was enhanced. A previous study indicated 
that PGPR increase plant growth by antagonism to potentially 
deleterious rhizoplane fungi and bacteria, but the nature of this 
antagonism was not determined‘. We now present evidence that 
PGPR exert their plant growth-promoting activity by depriving 
native microflora of iron. PGPR produce extracellular sidero- 
phores (microbial iron transport agents)’ which efficiently 
complex environmental iron, making it less available to certain 
native microflora. 

Plant growth-promoting fluorescent Pseudomonas strains 
Al, BK1, TL3B1 and B10, isolated from potato periderm or 
roots, exhibited in vitro antibiosis on King’s medium B* agar 
plates (KB) against the bacterium Erwinia carotovora, which 
causes potato soft rot and seedpiece decay (Fig. 1). When KB 
plates were amended with 1 uM FeCl,, the antibiosis against E. 
carotovora did not occur, nor was the yellow-green fluorescence 
of PGPR produced. The above PGPR also exhibited on KB 
plates in vitro antibiosis against Escherichia coli K-12 AN193, 
which does not produce its native siderophore, enterobactin, but 
not against its enterobactin-producing parent, E. coli K-12 
AN194, These results suggested that in iron-deficient condi- 
tions, PGPR were producing fluorescent siderophores which 
were responsible for antibiosis against E. carotovora and E. coli 
K-12 AN193. Yellow-green fluorescent siderophores have 
previously been isolated from iron-limiting cultures of P. 
fluorescens? ™. 

We next investigated the effect of iron on plant growth- 
promoting activity by PGPR in soils. When potato seedpieces 
were dipped into PGPR suspensions (10° Colony-forming units 
(CFU) per ml) immediately before planting in field soils in a 
previously described greenhouse assay’, statistically significant 
increases in plant growth (total plant wet weight) occurred 2 
weeks after emergence. Average increases (six replications with 
three plants each) were 47% for strain A1, 63% for strain B10 
and 74% for strain BK1. The control was an autoclaved 
suspension of strain Al. In contrast, when 120 ml of 100 uM 
ethylenediaminetetra-acetatoferrate (111) (Fe™ EDTA”) per 
600 g of soil were added on alternate days to soils planted with 
PGPR- inoculated potato seedpieces, PGPR did not statistically 
increase growth (+4%). Addition of iron alone to soils did not 
significantly increase plant growth over the control. The effect of 
iron (III) on colonization of roots by PGPR was examined with 
strain Al as previously described**®. Although the addition of 
Fe’ EDTA” resulted in no increase in plant growth, the 
bacteria, nevertheless, colonized roots at populations averaging 
3.2 x 10° CFU per cm root as compared with 4.4 x 10° CFU per 
cm without iron. 
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These results suggested the intriguing proposition that a 
fluorescent siderophore from PGPR may mimic the biological 
action of PGPR. To test this, we isolated a yellow-green 
fluorescent pigment capable of binding iron (I1) from broth 
cultures of strain B10 grown in am iron-deficient medium 
containing glycerol and proteose peptone no. 3. The pigment 
was purified to homogeneity by a procedure similar to that of 
Meyer and Abdallah’. This pigment exhibited properties typi- 
cal of a siderophore, including complete repression of produc- 
tion in culture media containing micromolar amounts of iron 
(111). Furthermore, both the pigment and its ferric complex 
reversed iron starvation of strain B10 on KB plates induced by 
the synthetic ferric complexing agent, ethylenediamine-di-(o- 
hydroxyphenylacetic acid) (EDDA), which is not utilized by the 
cells'*. As the chemical and physical properties of this sidero- 
phore seem to be different (J.L. and M.T., unpublished results) 
from those of others isolated earlier'®'':'*-'*, we name this new 
siderophore, pseudobactin. When paper disks containing 20 ul 
of 200 uM pseudobactin were applied to KB plates previously 
seeded with E. carotovora, 3-mm radial growth inhibition zones 
about the disks were observed within 12—16 h. Red-brown ferric 
pseudobactin caused no antibiosis against E. carotovora up to 
millimolar concentrations. These results suggest that the in vitro 
antibiosis of PGPR against E. carotovora is caused by iron 
deprivation induced by the PGPR’s siderophore. E. coli K-12 
AN194 was not susceptible to PGPR because enterobactin may 
be able to reverse iron starvation precipitated by PGPR’s 
siderophore. 





Regular 
King’s B FeCl, 


Fig. 1 Plant growth-promoting rhizobacterial antibiosis against 
Erwinia carotovora eliminated by iron (111). Both King's B agar 
plates were inoculated in the centre with 10 ul of a suspension of 
fluorescent Pseudomonas strain B10 (~10° CFU ml‘), incubated 
for 24 h at 28 °C, and sprayed with a suspension of E. carotovora 
(~ 10° CFU ml” ‘). The plate on the right contained 10 uM FeCls, 
whereas the plate on the left contained no added iron (111). The 
zone of growth inhibition of E. carotovora and the fluorescence of 
strain B10 were examined at 24 h. Similar results were obtained 
with fluorescent Pseudomonas strains Al, BK1 and TL3B1. 


The effect of pseudobactin on plant growth and rhizoplane 
fungal colonization was determined in the greenhouse assay 
(Table 1). Both B10 suspensions and pseudobactin at 10 uM 
caused significant plant growth increases compared with water- 
treated controls. Ferric pseudobactin at 50 uM and B10 with 
50 uM Fe™ EDTA’ did not increase plant growth. In addition 
to increasing plant growth, pseudobactin and B10 treatments 
resulted in statistically significant reductions of fungal popu- 
lations on the rhizoplane relative to the water-treated control. 
Fungal colonization of the rhizoplane, measured by the method 
of Huisman ef al.', averaged 5.5 CFU per 10cm root on 
water-treated plants compared with 2.3 CFU per 10cm 
(—59%) on B10-treated plants and 1.4 GFU per 10 cm (—74%) 
on pseudobactin-treated plants. 

Based on these results, we propose the following scenario to 
account for the enhancement of plant growth by PGPR. 
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Following inoculation and planting of crop seeds, PGPR rapidly 
colonize roots of the developing plant. As a result of a limited 
supply of iron in the rhizoplane, PGPR produce siderophores 
which sequester iron in the root zone, making it unavailable to 
certain rhizoplane microorganisms. These microorganisms are 
unable to obtain essential quantities of tron for growth either 
because they do not produce siderophores, produce compara- 
tively less siderophores than those of PGPR, and/or produce 
siderophores which have less affinity for iron than those of 
PGPR. The populations of these microorganisms, some of which 
are quasi-pathogens (T. V. Suslow and M.N.S., unpublished 


Table 1 Enhanced plant growth of potato by pseudobactin in green- 
house assay 


Average plant 


Treatment weight (g) 
H-0 control 1.0 
50 uM Fe™ EDTA” control 0.9 
B10 23° 
B10+50 uM Fe “EDTA™ 0.9 
10 uM pseudobactin 25° 
50 uM ferric pseudobactin control 1.1 





Potato seedpieces were planted in field soil (sandy loam) from Moss 
Landing, California. In treatments with fluorescent Pseudomonas strain 
B10, seedpieces were dipped in approximately 10° CFU ml suspen- 
sion before planting. Pots were watered with 120 ml of the appropriate 
solution on alternate days, and a total of nine applications were made. 
Plants were harvested 10 days after emergence. An average of six 
replications with three plants per replication were obtained. 

* Statistically significant increase (P = 0.01) compared with controls. 


results), are reduced, and a more favourable environment for 
root growth is created. Our results with mutants of PGPR sup- 
port this hypothesis. Certain mutants obtained by treatment with 
N-methyl-N'-nitro-nitrosoguanidine or UV light at 254 nm 
were non-fluorescent, did not exhibit antibiosis against E. caro- 
tovora and did not promote growth increase of potato in the 
greenhouse assay even though they were able to colonize plant 
roots’, At least five mutants derived from strains BK1, TL3B1 
and TL3B2 were examined. These mutants did not produce 
siderophores, in contrast to their parents. An alternative hy- 
pothesis that plant growth-promoting rhizobacterial sidero- 
phores bind iron and make it directly and perhaps more readily 
available to the plant seems unlikely because ferric pseudobac- 
tin did not promote plant growth (Table 1). 


We thank Laurence A. Fishel and Susan M. Shoemaker for 
experimental assistance. This investigation was supported in 
part by PHS grant A114084 from the NIH and by the California 
Potato Research Advisory Board. | 
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Vertebrates generally possess well developed capacities for 
anaerobic metabolism, resulting in formation of lactic acid. 


Those capacities have traditionally been interpreted in terms of 


adaptation to hypoxic environments or to special situations such 
as diving. However, anaerobic metabolism in striated muscle 
tissue is frequently a major source of ATP utilized during 
periods of intense activity. The evolutionary significance of 
anaerobically supported activity has not been discussed, 
although the interrelationships of capacities for aerobiosis and 
activity have received considerable attention’. We present here 
evidence that the pattern of activity metabolism utilized by 
extant species probably dates back to the earliest vertebrates. It 
is also postulated that the evolution of extensive capacity for 
anaerobically supported burst activity may have been closely 
related to the evolution of vertebrates from invertebrate 
chordates. 

Many animals use glycolysis, the anaerobic process by which 
glucose is degraded to lactic acid. Most invertebrate species 
resort to significant utilization of glycolysis only in the absence of 
sufficient environmental oxygen to maintain adequate rates of 
ATP generation via aerobiosis, or oxidative phosphorylation’. 
However, many vertebrate species rely on prodigious rates of 
glycolysis for ATP generation during periods of maximal 
activity’ *. Such a pattern of activity metabolism enables many 
vertebrates to reach ‘burst’ levels of activity otherwise 
unattainable if they were solely dependent on aerobic metabo- 
lism. Heavy reliance on anaerobic metabolism also has its draw- 
backs: it is inefficient in utilizing substrate, and is invariably 
associated with muscle fatigue’. In addition, resultant 
intramuscular lactic acid accumulation and subsequent diffusion 
of lactate into the cardiovascular system‘ disrupts maintenance 
of blood and tissue pH which may well affect enzymatic activity, 
protein configuration and so onë. This exercise-related pH 
depression may persist in lower vertebrates for several hours, or 
longer, following cessation of strenuous activity’. 

Although some crustaceans generate moderate quantities of 
lactate during exercise ‘°"', most invertebrates produce little, if 
any, lactate during maximal activity. For example, during 
periods of intense activity, the insects are highly dependent on 
aerobiosis'* and molluscs anaerobically generate octapene and 
succinate to supply themselves with sufficient ATP’*. Hence, the 
vertebrate capacity for lactate generation during activity should 
not be considered an adaptation for anaerobiosis per se: it is not 
merely a primitive relict of the occupation of oxygen-depleted 
environments, but is a specific and relatively unique exploitation 
of glycolysis to support intense activity. 

Lactic acid formation during activity has been demonstrated 
in many extant gnathostomes (sharks'*, teleost fish®, amphi- 
bians’, reptiles, mammals’). Those data indicate that heavy 
reliance on lactate formation during activity is widespread 
among vertebrates. However, the antiquity of this pattern of 
activity support is still unclear; is it a primitive characteristic 
dating back to, or even previous to, the origin of vertebrates? To 
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Table 1 Whole body lactic aad concentration and blood pH before and after activity in two species of cyclostomes and whole body lactic acid concentration before and 
amphioxus 





after activity in 
Lactic acid 
concentration 
(mg per g tsue) Blood pH 
30 min 60 mun 180 min 
Species Rest Active Rest post activity post activity post activity 
Pacific hagfish 0144001 1.51+0.14 8 0340.03 7.60+0.12 74840 14 731+019 
(Eptatretus stowt:) {n = 4) (x = 4) (a = 5) (m = 5) (n = 5) (x = 5) 
Pacific brook lamprey 0.1740.01 1.6540.18 7.91+40.04 7.1640 06 — — 
(Lampetrus pactfica) (x = 5) (a =7) (xn = 5) (a = 5) ~~ — 
0.14+0.03 0 29+0.04 — ae — -= 
(Branchiostoma canbaeum) (a= 4) (a = 8) 


Post-active depreanon of blood pH probably results from protracted diffumon of lactic acid into the cardiovascular rystem from striated musculature as well as slow 
subsequent removal! of lactate from the circulatory system Adult Lampetra (36) were obtained by dip net m Osk Creek, Benton County, Oregon, m May 1979 Adult 
Eptatretus (28) were caught in ‘fke’ traps at a depth of 150 m, 1,000 m off the coast of Coos Bay, Oregon in December 1978. Adult Branchtostoma (12) were collected in 
Tampe Bay, Flonda, in December 1979. Anmak were maintained in 1604 capecity tanks, situated m thermally controlled rooms set at 12 °C on an 11-h photopertod. Tank 
water was kept fully aerated at all tmes. Experiments were performed 4—6 days after annals were captured. Twelve Lampetra (mean mass 6.6 g), 9 Eptatretus (mean mass 
52.2 g) and 12 Branchwostorna (mean mass 0.14 g) were used to determme whole body lactate content either at rest or immedtately after maximal activity. Animals were 
placed individually in a 1 mx 1 mx 0.25 m tank of water equibbrated to 12 °C. They were then stimulated to activity by persistent, noxtows but harmless Reaction 
of all antmals to strmulus wes intense, and was assumed to represent maxmial actrvity levels. During strmulaton, both Lampetra and Eptatretws underwent an mrtial period 
of vigorous activity lasting 2.5-3 5 min. In both species, this consuted of frantic lateral undulations mterspersed with frequent attempts to Dete’ the probe. Durmg the 
following 1.5-2.5 min, anmals appeared to tre bat continued to exhibrt sxmilar types of behaviour In additon, mucus wes secroted from the shme glance of Eptatretus 

the entire exercme period. Ths was removed from the tank approximately every 30 s in such a manner that movements by animals were not hindered. During the 
inital 10-15 s of the exercuss period, Branchiostoma underwent mtense lateral undulation. , they appeared to tire significantly and remained essentially 
refractory to further stimulns. After 5 min of stmulaton, animals were decapitated, homogenized m 0 6 M perchlonc acid for 2 min m an Oster blender and total body 
lactate was measured y by the method of Bennett and Lacht*. Similar analyses were also made on unstimulated annals to determine lactate levels for 


temperature of the electrode was regulated at 12°C +0.5°C Thos measurement was assumed to represent the pH of the animals’ blood nt rest. Different individuals of each 


species wero then stimulated to activity for 5 mm es described m the previous experiments. Blood samples were collected and analysed (as described for resting mcividnals) 
30 min after comsatson of activity m both spocies. Additional samples were taken 60 and 180 mm after activity in Eptatretus 


elucidate this question, we investigated patterns of activity 
metabolism in some living agnathans (Cyclostomata) and the 
protochordate, amphioxus (Cephalochordata). Morphological 
evidence indicates long evolutionary isolation of cyclostome and 
gnathostome lineages as well as independent derivation of both 
groups from the earliest vertebrates, the ostracoderms of the 
early Palaeozoic (Fig. 1)'*. Thus, parsimony dictates that occur- 
rence of a particular trait (burst activity supported by anaero- 
biosis) in both cyclostomes and gnathostomes might be the result 
of retention of a primitive characteristic present in the common 
ancestor of both groups. 

Activity physiology in extant protochordates, aneda 
cephalochordates, may well be reflective of activity metabolism 
in the chordate ancestors of vertebrates. Cephalochordates are 
thought to resemble closely protovertebrates in many aspects of 
their morphology and in their sedentary, microphagous filter- 
feeding lifestyle". Consequently, their activity physiology may 
also be similar. 

Cyclostomes investigated in this study included the Pacific 
brook lamprey (Petromyzontidae: Lampetra pacifica) and the 
Pacific hagfish (Myxinidae: Eptatretus stoutl). The Pacific brook 
Jamprey is a small, non-parasitic lamprey inhabiting streams 
west of the Cascade Mountains of the north-west US. These are 
strictly freshwater forms that never migrate to marine 
environments. The Pacific hagfish occurs off the west coast of 
North America from southern California to south-east Alaska in 
silty-bottom environments at depths of 18-940 m. 


VERTEBRATES LIVING ABSLATRAMS 
\ F 
PELIETTVE AGNATLANS 
(sstrassderms or ostracederm—Hke fishas) 


INVERTERRATE COBRBATES 
Fig. 1 Phylogenetic relationships of the vertebrates (besed on refs 15, 19) 


The cephalochordate investigated here was Branchiostoma 
caribaeum (Branchiostomidae). This is a small, burrowing, 
filter-feeding inhabitant of sandy-bottomed marine environ- 
ments from Chesapeake Bay to the West Indies. 

Both cyclostomes utilized glycolysis extensively during the 
exercise period (Table 1): lactate concentrations were approx- 
imately 10 times greater after 5 min of activity than at rest 
(P<0.05, t-test). In addition, both species experienced a 
concomitant, protracted decline in all post-active blood pH 
measurements (P< 0.05, t-test) (Teble 1). Quantities of lactate 
formed as a result of activity and the accompanying extended 
post-active decline of blood pH in these species closely parallel 
previously described modes of activity physiology among 
gnathostomes’” 

Consequently, utilization of the pattern of activity metabo- 
lism described here must be of considerable antiquity, perhaps 
as old as vertebrates themselves. Figure 1 illustrates the 
generally accepted phylogenetic relationships of the verte- 
brates. If these relationships are correct, we must assume the 
pattern of activity metabolism exhibited by living vertebrates is a 
result of either (1) convergent evolution between cyclostome 
and gnathostome lineages; or (2) retention of a primitive verte- 
brate charactéristic. Insofar as premise (2) is the most parsi- 
monious, it must be considered the most likely to describe the 
actual sequence of events. 

The implications of that conclusion for the evolution of 
vertebrates are manifold. For example, parameters of anaero- 
bically supported activity (such as capacity for high levels of 
burst activity, fatigue, extended post-active blood and tissue pH 
alteration) have probably vitally affected adaptive radiation of 
the morphology, physiology and behaviour of virtually all the 
major groups of vertebrates. In fact, only with the evolution of 
homeothermy in birds and mammals have aerobic potentials 
been expanded to the point where, for example, they can 
support very high levels of activity without consequent fatigue’’. 

In contrast, the chordate ancestors of vertebrates may not 
have possessed such well developed capacities for burst activity 
as early vertebrates. The cephalochomdlate studied here was 
incapable of any more than 10-15 s of intense lateral undulation 
and generated only minimal quantities of lactate during exercise 
(Table 1). This pattern of activity physiology is hardly surprising: 
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cephalochordates, like all adult invertebrate chordates, lead a 
sedentary, filter-feeding existence and seldom, if ever, take any 
more than the briefest of forays into the water column. Thus, if 
current interpretations regarding vertebrate origins are correct 
(see above), one might reasonably postulate a similarly minimal 
metabolic capacity for intense activity in the chordate ancestors 
of vertebrates. 

Those differences in capacity for activity between inverte- 
brate chordates and the earliest vertebrates might indicate 
concomitant and interdependent evolution of vertebrate activity 
physiology and the appearance of the vertebrates themselves. 
Halstead’? and others have rightly emphasized that the earliest 
vertebrates lacked a vertebral column, but differed from 
invertebrate chordates in that the latter group never exhibits a 
high degree of cephalization. Accordingly, as described above, 
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all adult invertebrate chordates are at least relatively sedentary, 
whereas vertebrates are among the most active of the Metazoa. 
Thus, vertebrate cephalization may have developed in response 
to selection for increased sensory and locomotor control as a 
more active lifestyle evolved. We suggest that the expanded 
vertebrate capacity for burst activity contributed significantly to 
that active mode of existence. Consequently, evolution of the 
vertebrate pattern of activity metabolism may well have been a 
selective factor contributing to cephalization in protoverte- 
brates and the appearance of vertebrates themselves. 
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We report here the identification of human cell-surface gly- 
coprotein with unusual and interesting properties. We initially 
detected this glycoprotein on the surface of cultured human 
haematopoietic cell lines by means of a monoclonal antibody. 
Although it is expressed on all cultured human haematopoietic 
cell lines tested, including the inducible promyelocytic tumour 
cell line HL-60 (ref. 1), it is not present in readily detectable 
amounts on most normal or leukaemic human haematopoietic 
cells. HL-60 cells, on exposure in vitro to appropriate chemical 
inducers, undergo morphological and functional differentiation 
along the granulocytic pathway or into macrophage-like cells’. 
One consequence of in vitro induction is the specific loss of the 
glycoprotein from the surface of HL-60 cells. The molecule does 
not, however, seem to be a highly tissue-specific differentiation 


antigen because it is also found on human tumour cell lines 


derived from non-haematopoietic tissues. Rather, its expression 


seems to be related to cell proliferation. Preliminary chemical _ 


characterization suggests that the glycoprotein may be identical 
to the abnormal glycoprotein previously reported by Bramwell 
and Harris to be associated with malignancy”. 

The IgG monoclonal antibody used in these studies is desig- 
nated B3/25. It was obtained from fusion of BALB /e mouse 
spleen cells immunized against the human haematopoietic cell 
line K562 (ref. 9), with the non-producer myeloma cell line 
$194/5.XX0.BU.1, by standard procedures’”"’. 

Trace antibody binding assays’* showed that B3/25 antibody 
reacted with 7/7 cultured human T-leukaemic cell lines, 11/11 
B-cell lines including ‘normal’ B-cell lines, B-cell tumours and 
Burkitt’s lymphoma cell lines, and 10/10 non-T-, non-B-leuk- 
aemic cell lines. The antibody precipitated a labelled molecule 


from NP40 lysates of iodinated HL-60 cells which migrated with 
an apparent molecular weight of about 110,000 on SDS-poly- 
acrylamide gels in reducing conditions (Fig. 1). Similar results 
were obtained in immunoprecipitation studies with other 
haematopoietic cell lines. This molecule, which on the basis of 
metabolic labelling studies and lectin affinity chromatography is 
a glycoprotein, seems to exist in the membrane as a disulphide- 
bonded dimer, as in nonreducing conditions it migrates in 
SDS-polyacrylamide gels with an apparent molecular weight of 
200,000 (Fig. 1). 

Although the glycoprotein was detected on the surface of all 
the human haematopoietic cell lines tested, we could not detect 
it on peripheral blood mononuclear cells, granulocytes or a 
variety of peripheral blood leukaemic cells either by fluores- 
cence-activated cell analysis or by trace antibody binding. A 
more extensive survey of the distribution of the glycoprotein on 
normal and leukaemic haematopoietic cells was carried out by 
immunofluorescence microscopy. The molecule was not present 
in detectable amounts on a significant fraction of thymocytes, 
bone marrow or peripheral blood mononuclear cells, nor on 
leukaemic cells from patients with chronic myeloid leukaemia or 
chronic lymphatic leukaemia, except for apparently specific 
staining of a small population of cells morphologically resem- 
bling erythroblasts. The majority of blast cells from patients with 
acute myeloid or lymphocytic leukaemia were also negative. In 
some cases, however, a small fraction (0-30%) of the blast cell 
population was positive. In two exceptional cases, one a T-cell 
acute lymphocytic leukaemia, the other an erythroleukaemia, 
almost all the blast cells reacted strongly with B3/25 antibody. 

In addition to its unusual cellular distribution, we found that 
the glycoprotein defined by B3/25 monoclonal antibody had 
another interesting property. Although the molecule is ex- 
pressed on non-induced HL-60 cells, we detected a dramatic 
decrease in the amount of glycoprotein on cells induced to 
differentiate by growth in the presence of 1.25% dimethyl 
sulphoxide (DMSO) or 0.5 mM sodium butyrate for 5 days (Fig. 
2 and ref. 1). The fact that the radioactivity bound to induced 
HL-60 cells incubated with B3/25 antibody in the trace anti- 
body binding assay is barely above background indicates that the 
induced cells express little or no antigen. Two other low mole- 
cular weight compounds, N-methyl acetamide and phorbol 
ester, that also induce morphological and functional differen- 
tiation of HL-60 cells’, cause a similar decrease in the expres- 
sion of the glycoprotein on HL-60 cells. 
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We studied the expression of B3/25 glycoprotein on HL-60 Expt 1 Expt 2 
cells in more detail by quantitative immunofluorescence using 
the fluorescence-activated cell analyser. The amount of the 
glycoprotein found on non-induced cells varied considerably 15 B3/25 HLA 
(Fig. 3a), and this heterogeneity was not abolished by recloning 
the cell line. Approximately 70% of non-induced HL-60 cells 
expressed sufficient antigen to be detected above nonspecific 
background fluorescence. After treatment with DMSO for 5 
days, only 5% of the cells were scored as positive and the 
fluorescence profile of the specifically stained cells was indis- 
tinguishable from that of the control (Fig. 34). Kinetic studies 
showed that the loss of B3/25 glycoprotein was detectable 
within 24 h and essentially complete after 48 h (Fig. 3d). The 
disappearance of the glycoprotein precedes the arrest of HL-60 
cells in G1 of the cell cycle and morphological differentiation, 
which is not maximal until at least 5 days after induction (Fig. 3d 
and refs 2, 13). Pulse-chase metabolic labelling experiments 
show that the loss of the glycoprotein is due entirely to the 
almost complete cessation of synthesis of the molecule and not 
to an increased rate of degradation (M.B.O. and LS.T., unpub- 
lished results). As shown in Fig. 3c, we have obtained a variant 
subline of HL-60 cells that continues to grow in the presence of 
1.25% DMSO without undergoing terminal differentiation. In 





25} -Jabelled antibody bound x 10°? (c¢.p.m.) 





Non-induced 1.25% DMSO | Non-induced 0.5mM butyrate 


these conditions the cells express similar amounts of B3/25 
glycoprotein to non-induced wild-type cells. Thus, the change in 
expression of the glycoprotein seems to be directly associated 
with the arrest of growth and differentiation of HL-60 cells 
per se. 

Although the cell-surface glycoprotein is not a cell cycle- 
dependent antigen in a conventional sense, as its expression on 


Fig. 2 Comparison of the binding of 83/25 antibody to induced 
and non-induced HL-60 celis. HL-60 were routinely maintained in 
RPM1 1640 medium supplemented with 10% fetal calf serum and 
10 uM 2-mercaptoethanol. For induction experiments, cells were 
collected and resuspended at 2 x 10° cells per mi in fresh culture 
medium alone or containing either 1.25% (v/v) DMSO or 0.5 mM 
Na butyrate. After growth for 5 days, the cultures were collected 
and binding of B3/25 monoclonal antibody to non-induced and 
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Fig. 1 SDS-polyacrylamide gel analysis of the cell-surface 
antigen recognized by B3/25 monoclonal antibody. HL-60 cells 
originally from Dr R. Gallo and recloned at the Salk Institute were 
iodinated by the glucose-oxidase modification of the lactoperoxi- 
dase technique as previously described'®. Immunoprecipitates 
were prepared from cell lysates containing 1% NP40, 1% deoxy- 
cholate and 0.1% SDS using B3/25 antibody and adsorbing the 
immune complexes to Staphylococcus aureus essentially as 
described previously” except that goat anti-mouse IgG was used 
as the second antibody. Immunoprecipitates were analysed by 
SDS-polyacrylamide gel electrophoresis in 7.5% gels*® after 
reduction with 2-mercaptoethanol or treatment with 100mM 
iodoacetamide. Control immunoprecipitates from which B3/25 
antibody was omitted were also prepared and analysed (gel tracks 
marked C). The autoradiograph shown was exposed for 1 h with 
the use of an intensifying screen”! to enhance autoradiography. 
MW, Molecular weight. 


Non-reduced 


tenn ern es 


induced HL-60 cells determined by a trace antibody binding assay 
using '**I-labelled affinity-purified rabbit F(ab’), anti-mouse IgG 
antibody essentially as described by Morris and Williams“. In the 
negative control for nonspecific binding (column C), tissue culture 
medium was substituted for culture supernatant containing B3/25 
antibody. Binding of a monoclonal antibody designated A3/10 
which reacts with a common antigenic determinant on HLA mole- 
cules (M.B.O. and LS.T., unpublished results) was used as a 
positive control. In expt 1, 5x 10° cells were used per assay, in 
expt 2, 210° cells per assay were used and in both cases the 
results shown represent the average of duplicate determinations. 


induced HL-60 cells changes before the cells arrest in G1 of the 
cell cycle, all the previous results are consistent with the mole- 
cule being selectively expressed on actively proliferating cells. 
We therefore examined whether or not the molecule was 
present on blast cells derived from lectin-stimulated peripheral 
blood lymphocytes. Trace antibody binding and quantitative 
immunofluorescence suggested that the glycoprotein was 
present on the blast cells, but in such small amounts relative to 
the cultured cells lines that we considered the results equivocal. 
However, the presence on lectin-induced blasts of a similar or 
identical glycoprotein to that found on cell lines could be clearly 
demonstrated by immunoprecipitation from lysates of iodinated 
cells (Fig. 4). Thus, the glycoprotein or a related molecule is 
clearly present on normal proliferating cells. There may, 
however, be quantitative differences between the expression of 
the glycoprotein on tumour cells and normal cells and there is no 
evidence that the glycoprotein on the blast cells is identical to the 
molecule found on the tumour cell lines. These considerations 
are particularly relevant because, although there has been no 
previous report of the presence on human haematopoietic cells 
of a glycoprotein with similar properties to those of the surface 
glycoprotein defined by B3/25 monoclonal antibody, it is 
probable that the molecule we are studying is related to a 
tumour cell-surface glycoprotein described earlier by Bramwell 
and Harris’*. This glycoprotein seems to be expressed in greater 
amounts on malignant cells than on nonmalignant cells and may 
also be structurally modified in tumour cells, 

The most compelling evidence that the two glycoproteins are 
closely related is that both have the same apparent molecular 
weight on SDS-polyacrylamide gels and share the unusual 
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Fig. 3 Expression of 

B3/25 glycoprotein on % Fluorescent cells 

induced and non-induced 83/25 

HL-60 cells measured a Antibody None d 

by quantitative immuno- g0 90 
fluorescence. Cells were 
grown in the presence of 
1.25% (v/v) DMSO for 
the period of time 
indicated and then stained 
with saturating amounts 
of B3/25 antibody and 
a fluorescein-conjugated 
affinity-purified goat anti- 
mouse IgG. Cells (50,000) 
were analysed on a Los 
Alamos-type fluores- 
cence-activated cell 
analyser using a laser 
output of 900 mW, high 
voltage setting of 800 V, 
and a fluorescence gain of 
1.0. Panels a-c show the 
histograms of non- 
induced HL-60 cells (a), HL-60 cells induced with 1.25% DMSO for 5 days (b), and a DMSO-resistant variant of HL-60 grown in 1.25% DMSO 
for 5 months (c) after staining with B3/25 antibody. Also shown are controls for nonspecific staining in which B3/25 antibody was omitted from 
the first incubation. The % of fluorescent cells within the channels indicated by the vertical bars are given. d Shows the % of B3/25 positive cells 
determined by flow microfiuorimetry in the conditions just described after exposure of HL-60 cells to DMSO for various periods of time. The 
cell-cycle distribution of the same cells was determined from their DNA content measured by flow microfluorimetry after staining with 
mithramycin’*. The % of cells in G1 is indicated. 
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property of existing in their native states as disulphide-bonded PL PL 
dimers. The glycoprotein we have studied is also similar to the blast blast PL 
molecule identified by Bramwell and Harris in other respects: it © aes = 
is acidic, binds to concanavalin A and wheat-germ agglutinin, MW x 10-3 BL PBL PBL blasts 
and is expressed on Hela cells and other non-haematopoietic 
tumour cell lines (M.B.O. and I.S.T., unpublished results). 
Furthermore, by quantitative absorption we could not detect the 
glycoprotein on any normal tissue tested. Homogenates of liver, 
brain and kidney and red blood cells were used in the absorp- 200 
tions and the limit of detection was about 5% of the amount 
expressed on RPM1 8402, the human T-leukaemic cell line used 
as a positive control in these experiments. 100 -_ 
Regardless of whether, as seems likely, the glycoprotein we 
have characterized is related to the one described by Bramwell 
and Harris, its properties warrant further investigation. Quan- 
titative studies of the expression of the glycoprotein on normal 50 
tissues and in vivo tumours are required, as well as chemical am GP 
characterization of the molecule isolated from both non- 
malignant and malignant cells. It may be possible to determine 
whether or not there is a causal relationship between the 
expression of the glycoprotein and cell proliferation by means of 
somatic cell genetics using HL-60 cells as a model system. It will 25 
also clearly be important to establish whether the glycoprotein is 
expressed on normal or leukaemic haematopoietic stem cells 
that can be detected by the appropriate in vitro assays'*'’. The 
B3/25 monoclonal antibody and other monoclonal antibodies ee <a 
which we have obtained that react with different antigenic 
determinants of the same glycoprotein (I.S.T., unpublished \ i j 
results) will facilitate these studies. ER 
This work was supported by grants CA 20272 and CA 14413 HLA 83/25 Control 
from the USPHS and grants from The Samuel Roberts Noble 
Foundation Inc. and Sigma Xi Scientific Research Society. 
We thank Theresa Ferson and Catherine Mazauskas for tech- Fig. 4 Expression of B3/25 glycoprotein on lectin-stimulated 
nical assistance. peripheral blood lymphocytes (PBL). Mononuclear cells were 
isolated from defibrinated blood by centrifugation of Ficoll- 
Hypaque gradients. Fresh cells (PBL) or cells (2 x 10° per ml) 
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Human synovium releases a 

factor which stimulates 
chondrocyte production 

of PGE and plasminogen activator 


J. E. Meats, M. B. McGuire & R. G. G. Russell* 
Department of Human Metabolism and Clinical Biochemistry, 
University of Sheffield Medical School, Beech Hill Road, Sheffield, 





The mechanisms by which destruction of the tissues (cartilage, 
tendons, ligaments and bone) of joints affected by rheumatoid 
arthritis occurs are still poorly understood. Damage to the 
articular cartilage is a key event in the development of disability 
and deformity. Until recently it was thought that destruction of 
cartilage was primarily due to the release of a variety of pro- 
teolytic enzymes (collagenase and other neutral proteinases, 
and possibly lysosomal hydrolases) from the proliferating 
synovial pannus tissue’. Little attention has been paid to the 
involvement of chondrocytes themselves in the destruction of 
cartilage. Recently Fell and Jubb? have shown that when porcine 
synovium and cartilage are maintained in the same organ co- 
culture system, destruction of the cartilage matrix occurs. They 
suggested that, in addition to inducing direct enzymatic break- 
down of cartilage, synovial tissue might release a factor which 
activates chondrocytes to degrade their surrounding matrix. 
Steinberg et al.’ have confirmed that synovium and cartilage 
interact in this way in tissue culture, with breakdown and release 
of proteoglycans in cartilage. The purpose of our present study 
was to examine whether this interaction between synovium and 
cartilage occurs with human tissue and to examine the 
mechanisms in more detail. We have, therefore, investigated the 
effects of normal and rheumatoid synovial tissue on chon- 
drocytes derived from human articular cartilage. We find that 
the culture medium from explants of normal and rheumatoid 
human synovium contains a factor which stimulates the produc- 
tion of prostaglandin E (PGE) and plasminogen activator by 
chondrocytes. 

Normal synovium (~1.5 g) was dissected from human knee 
joints obtained after surgical amputation for trauma or lower 
limb ischaemia. The synovial tissue was dissected into small 
pieces and placed in explant culture in 20 ml of Eagle’s modified 
essential medium (MEM) with 10% (v/v) fetal calf serum (FCS) 
and penicillin plus streptomycin. After 1 day the medium was 
changed and reduced to 15 ml, with subsequent changes and 
collections at days 1, 6, 9, 13 and 16. Medium was stored at 
~20 °C. Chondrocytes were incubated with a 4% dilution of this 
conditioned synovial explant medium (SEM). PGE was assayed 
by radioimmunoassay in this medium and in the medium 
obtained after culture with chondrocytes. Since the antibody 
used detects PGB as well as PGE, and PGE,, the media were 
subjected to silica gel microchromatography with the result that 
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Fig. 1 a, Stimulation by SEM of PGE production by chondrocytes. The 
results represent the mean + standard error of determinations in quadru- 
plicate wells, A dilution of 1:25 (final concentration 4% v/v) of conditioned 
SEM in fresh MEM containing 10% FCS was added to each well containing 
confluent cultures of chondrocytes (secoad passage), derived from explants 
of human articular cartilage obtained from amputation specimens. Control 
cultures contained no SEM, Values have been corrected by subtracting the 
PGE present in the synovial medium (22.0% - 59.0% of total PGE 
measured in each well) and therefore represent the PGE produced by the 
chondrocytes themselves. 6, Stimulation by SEM of production of plas- 
minogen activator by human articular chondrocytes. Results expressed as 
mean + standard error (1 = 3 wells), Chondrocytes were grown to confluence 
in MEM containing 10% FCS and 20 mi HEPES buffer with 0.085% (w/v) 
NaHCo,. Then the FCS was replaced by 10% {v/v} acid-treated PCS (acid 
treatment destroys the proteinase inhibitor, a.-macroglobulin) and 4% 
(v/v) SEM was included in the medium. Controls did not contain SEM. 
Culture medium was removed after 12h and counted for liberated I 
Residual fibrin was digested from the wells with 0.1% trypsin and this was 
also counted; fibrin degradation by chendrocytes was then calculated as a 
percentage of the total present. No significant release of ‘“"] was apparent 
during the preincubation of chondrocytes in normal FCS. Additional contro! 
wells containing SEM but no chondrocytes showed no significant release of 
1251 (0.5% of the total, compared with 21.5% in the presence of chon- 
drocytes). To demonstrate that a plasrmin-like enzyme is responsible for the 
breakdown of fibrin, the concentratiorvof acid-treated FCS was varied over 
0-20% in the presence of a 1/25 dilation of SEM obtained after 1 day. 
Degradation of fibrin was shown to be dependent on the presence of serum, 
release of radioactivity was 0.8% + 0.2% for cultures without serum, Si 
1.0% for those containing 5% serum and 12.942.4% at a serum concen- 
tration of 20%. This requirement for serum to ‘unmask’ the fibrinolytic 
activity indicates that the proteinase responsible for fbrin degradation is 
plasmin and that the chondrocytes are releasing a plasminogen activator 
rather than another proteinase which directly degrades the fibrin and which 
would therefore act independently of the presence of serum. 


the prostaglandin produced in chondrocyte cultures was shown 
to be predominantly of the E-type’. 

To measure the release of plasminogen activator by chon- 
drocytes, monolayer cultures were prepared using the method of 
Srivastava et al.”, with the following modifications: fragments of 
cartilage were incubated in hyaluronidase (1 mg ml“! in Dub- 
becco’s Ca**- and Mg**-free phosphate-buffered saline) for 15 
min, then in 0:25% trypsin for 30 min, and then digested 
overnight with bacterial collagenase [Clostridium peptidase, 
(Sigma type I) 3 mg mi’ in MEM + 10% FCS]. Primary cultures 
were grown to confluence in MEM+10% FCS, then sub- 
cultured after dislodging cells by exposyre to trypsin. The cells 
were placed in multiwell dishes (16 mm diameter) coated with 
'?°J-fibrin®. Release of I from the fibrin gel into the culture 
medium indicated the presence of plasminogen activator. 
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Our results indicate that a factor is produced in the synovial 
explant cultures which, when added to chondrocytes, stimulates 
the production of PGE (Fig. 1a). The medium obtained after 
one day of culture with SEM increased the production of PGE 
by about 50-fold and the stimulatory effect diminished with 
continued culture of the synovium so that after 16 days of 
culture the SEM produced only a five-fold elevation of 
PGE levels when added to chondrocytes. Figure 2 shows 
that the response of the chondrocytes to produce PGE 
is dependent on the concentration of the SEM added. 
Addition of dexamethasone to chondrocytes, together with 
SEM, suppressed this activation of prostaglandin bio- 
synthesis (Fig. 3). Medium from explants of rheumatoid rather 
than normal synovium was added to chondrocytes in other 
experiments and exhibited similar stimulatory effects. 

Figure 1b shows that the same SEM also markedly stimulated 
the production of plasminogen activator by chondrocytes. The 
stimulatory effect on the production of plasminogen activator 
also seemed to diminish the longer the synovium was kept in 
culture. The similarities in the profiles of activation shown in Fig. 
la and b suggest that a single stimulatory factor might be 
involved and that there may be a close functional relationship 
between the production of prostaglandin and plasminogen 
activator. 

In addition to showing that the human synovium produces a 
substance(s) which stimulates chondrocytes in culture, our 
present experiments demonstrate the hitherto unrecognized 
ability of chondrocytes to produce relatively large quantities of 
prostaglandin in culture. Our preliminary results indicate that 
protein synthesis is required for production of the factor since 
treatment of rheumatoid synovium with cycloheximide 
(1 pg ml~*) resulted in a 75% reduction in production of stimu- 
latory activity (21.75+2.29 as compared with 80.25 + 5.07 ng 
PGE per 100 yg cell protein per 24h in the dialysed medium 
control. The SEM was dialysed before addition to the chon- 
drocyte cultures to eliminate the cycloheximide). 

Further work is needed to characterize the source and nature 
of the stimulating activity, which may be similar to the factor, 
named catabolin, partially characterized by Dingle er al.’. This 
protein, as released from porcine synovium in culture, has a 
molecular weight of approximately 20,000 and stimulates the 
breakdown of cultured bovine nasal cartilage. There is also a 
similarity to the mononuclear cell factor described by Dayer et 
al. which stimulates production of PGE and collagenase by 
synovial cells and which we have found also to stimulate 
production of PGE by chondrocytes”. We have detected stimu- 
latory activity from cultures of both normal and rheumatoid 
synovium which suggests that the factor is unlikely to be derived 
from inflammatory cells, which would only be present in appre- 
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Fig. 2 The effect of SEM on PGE production by chondrocytes. The PGE 

originating from the SEM has been subtracted from each point. SEM 

collected at day 1 was incubated with chondrocytes for 24h at dilutions 

between 1:250 and 1:5 (to give final concentrations of SEM in the culture 

fluid ranging from 0.4% and 20% as shown on the abscissa), Control cultures 

contained no SEM. The points shown are mean + standard error of quadru- 
plicate wells. 
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Fig.3 Inhibition by dexamethasone of PGE production by human articular 

chondrocytes. Results are expressed as mean + standard error of quadrupli- 

cate wells. Cultures did not contain FCS. SEM was collected on days 0-4 of 

culture and incubated with chondrocytes for 24 h. Controls did not contain 

SEM. PGE produced by the synovial explants has been subtracted from each 
point. 


ciable numbers in pathological tissue. There are obvious 
similarities with a factor from rabbit macrophages which acts on 
rabbit chondrocytes to produce collagenase and other pro- 
teases’ it, 

The release of this factor from synovium could be of 
considerable significance in the pathogenesis of joint disease. 
Enhanced production of prostaglandins by chondrocytes could 
contribute to the increased PGE concentration found in synovial 
fluids in inflammatory arthritis’. PGE derived from chon- 
drocytes could alter vascular permeability in adjacent tissues 
and could also stimulate resorption of the subchondral bone. 
These prostaglandins might also influence the rate of proli- 
feration of the synovial pannus and be involved in controlling 
the mobility and activity of inflammatory cells. The plasminogen 
activator released by chondrocytes could itself degrade cartilage 
matrix by direct proteolytic attack or could take part in the 
conversion of collagenase from latent to active form. This factor 
from synovial tissue could therefore be responsible for some 
aspects of the tissue damage seen in joints in rheumatoid 
arthritis. The mechanisms that prevent such a factor from acting 
in normal conditions and which might allow its release in 
pathological circumstances require further investigation. The 
remarkable potency of added steroid in inhibiting the action of 
the factor on cartilage suggest that this may be one way in which 
steroids exert their therapeutic action in rheumatoid arthritis. 
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antiserum. 


Received 29 January; accepted 20 June 1980. 


1. Harris, E. D. in Joints and Synovial Fluid Vol. 1 (ed. Sokoloff, L.) 243-272 (Academic, New 
York, 1978). 
2, Fell, K. B. & Jubb, R. W. Arthritis Rheum. 20, 1359-1370. (1977). 
3. Steinberg, T., Sledge, C. B., Noble, J. & Stirrat, C. R. Biochem. J. 18, 403-412 (1979). 
4. Hillier, K. & Dilley, S. R. Prostaglandins $, 137-150 (1974). 
§. Srivastava, V. M. L., Malemud, C. J., Haug, A. J., Bland, J, H. & Sokoloff, L. Arthritis 
Rheum. 19, 165-169 (1974). 
6. Unkless, J. C. et al. J. exp. Med. 137, 85-111 (1973). 
7. Dingle, J. T., Saklatvala, J., Hembry, R. & Tyler, J. Biochem, J. 184, 177-180 (1979), 
8. Dayer, J. M., Robinson, D. R. & Krane, S. M. J. exp. Med, 48, 1399-1403 (1977). 
9. Englis, D. J. et al. in Advances in Prostaglandin and Thromboxane Research Vol. 8 feds 
Samuelsson, B., Ramweli, P. W. & Paoletti, R.) 1709-1711 (Raven, New York, 1980). 
10. Robinson, D. R., McGuire, M. B. & Levine, L. Ann. N. Y. Acad. Sci. 256, 318-329 (1975). 
11. Deshmukh-Phadke, K., Nanda, S. & Lee, K. Eur. J. Biochem. 104, 175-180 (1980). 
12. Deshmukh-Phadke, K., Lawrence, M, & Nanda, S. Biochem. biophys. Res. Commun. 85, 
$90-496 (1978). 


kOe eaa 


Nature Vol. 286 28 August 1980 





Biosynthesis of hepatitis B virus 
surface antigen in Escherichia coli 


Patrick Charnay, Monica Gervais, Anne Louise, 
Francis Galibert* & Pierre Tiollais 


Unité de Recombinaison et Expression Génétique (INSERM U.163), 
Institut Pasteur, 28 rue du Dr Roux, 75724 Paris Cedex 15, France 

* Laboratoire d’Hématologie Expérimentale, Centre Hayem, Hôpital 
Saint-Louis 2, place A. Fournier, 75010 Paris, France 


Hepatitis B is a widespread viral disease’. In the absence of cell 
cultures capable of propagating the virus (HBV) an efficient 
vaccine has been prepared from viral envelopes isolated from 
the plasma of chronic carriers’ *. The major polypeptide of the 
envelope is one of molecular weight 25,000 which carries the 
surface antigen (HBsAg)**. Therefore, the biosynthesis of this 
polypeptide in Escherichia coli may offer an alternative pro- 
cedure to produce HBsAg free from human proteins. Recently, 
the HBV genome has been cloned in E. coli™™. Determination 
of its primary structure allowed the localization of the gene 
(called gene S) coding for HBsAg’*** and the synthesis of the 
core antigen in E. coli has been reported’. We have constructed 
a derivative of bacteriophage lambda carrying a fusion between 
the @-galactosidase gene (lacZ) and the HBsAg coding 
sequence (AlacHBs-1). Infection of E.coli with AlacHBs-1 
leads to the biosynthesis of a polypeptide of molecular weight 
138,000 carrying antigenic determinants of HBV surface 
antigen. 





Cloned HBV DNA (3,182 bp) 
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Expression of an eukaryotic gene in E. celi can be obtained by 
fusion between the foreign gene and a bacterial gene carried by a 
plasmid or a phage. Thus the lacZ gene has already been used 
for hormone biosynthesis'*'’. Sequential steps in the con- 
struction of the gene fusion between gene S and gene lac are 
illustrated in Fig. 1. By Hhal treatment of the previously cloned 
HBV DNA", we prepared a 1,084 base pair long DNA frag- 
ment which carried the entire gene S. Using $, endonuclease and 
EcoRI linkers S'GGAATTCC, this fragment was cloned in 
E. coli using the plasmid pBR322 (ref. 20). The recombinant 
plasmid pBRHBs has only one Xba! restriction site located at 
the beginning of gene $. Digestion of this plasmid with EcoRI 
plus Xbal endonucleases, followed by a purification using 
agarose gel electrophoresis gave a DNA fragment of about 980 
base pairs carrying a major part of gene S. After treatment with 
S1 endonuclease, addition of EcoRI linkers, and cleavage with 
EcoRI endonuclease, this 980 base pair DNA fragment was 
cloned in E. coli using the plasmid pE R322. Several clones were 
obtained; the DNA of three clones (pXbaHBs-1, pXbaHBs-2 
and pXbaHBs-3) was extracted and the 980-base pair EcoRI 
restriction fragment, called HBs-fragment, was purified in each 
case. Determination of the nucleotide sequence of the EcoRI 
extremity corresponding to gene $ revealed that the nucleotide 
sequence was not identical in the three clones (Fig. 1A). The 
differences were possibly due to heterogeneity in the $1 
endonuclease digestion. The bacteriophage AplacS-7]UV5 
genome’? has only one EcoRI site located at the end of the lacZ 
gene. The reading frame of this gere at the EcoRI site can be 
deduced from the amino acid sequence of the 8-galactosidase”! 
Based on the nucleotide sequence. the insertion of the HBs 
fragment from pXbaHBs-1 into the EcoRI site of the lacZ gene 
of Aplac5-1UVS5 genome should izad to conservation of the 
reading frame of gene S. The recombinant bacteriophage should 


a À plac’-TUVS 













GENE $ A J facZ ai ci QS 
mera RRS TEREST A SR arc EEE a 
t th ¢ 
Hhal Xbal Hhal EcoRI ġ 
t Hhal A lac HBs-1 
HBs fragment dae F op 
1,084 bp -9 — ERRATA NTRO OEE oe 
s ' EcoRI EcoRI 
pos t 
EcoRI linkers Hybrid polypeptide (136,098 MW) 
— . NAL WIPPASD PSI MFO 
Cloning t wt 
j (PBR 322) -galactosidase “HBsAg č 
Xbal (1,005 amino acids ) (192 amino acids} 
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i+ 
EcoRI linkers Fig. 1 Construction of the recombinant bacteriophage AlacHbs-1. A, From 
PEDE EA —- the HBV genome (subtype ayw) cloned in Æ. coli. A 1,084-base pair Hhal 
Cloning fragment which carries the entire gene S was prepared by electrophoresis on 
(pBR 322) agarose gel and electroelution. The DNA fragment was treated with SI 
endonuclease, added EcoRI linkers and cloned in the plasmid pBR322. From 
, this plasmid an EcoRI-Xbal fragment, about 980 base pairs long, carrying the 
5 pAATTCCCGTGGTGG t EcoRI major part of the gene S, was treated in exactly the same way as the Hhal 
(pXba HBs-1 ) fragment and cloned in E. coli through the EceRI site of pB R322. Three clones 
HBs fragment were examined pXBaHBs-1, pXbaHBs-2 and pXbaHBs-3. The EcoRI frag- 
SPAATTCCGTGGTGG gq erence ne ments were prepared and the nucleotide sequences at the extremities inside the 
(pXba HBs-2) S gene were determined by the method of Maxam and Gilbert”. B, The 
insertion of the EcoRI fragment originating from pXbaHBs-1 in the correct 
5 pAATTCCCTCGTGGTGG orientation in the EcoRI site of the DNA of phage AplacS-11/V5 (ref. 19) 
(pXba HBs-3) should realize a fusion between lacZ gene and gene S with conservation of the 


reading frame. The recombinant bacteriophage shbuld be able to direct the 

synthesis of a hybrid polypeptide of molecular weight 136,098 with a NH, 

terminal portion consisting of almost the entire 8-galactosidase and a COOH 
terminal portion consisting of a great part of the HBsAg major protein. 
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Fig. 2 Immunoprecipitation of the B-galactosidase-HBsAg hybrid protein. A, E. coli K12 3,000X74 was grown in Laemmli medium and 
concentrated to an absorbance of 10 units in MgSO,, 10 mM. Phages were absorbed for 15 min at a multiplicity of infection of 4. Cells were 
diluted 10 times in Laemmli medium and incubated 25 min at 37 °C, centrifuged, resuspended in Laemmli final sample buffer” and boiled for 
5 min. The proteins were electrophoresed on a 6% polyacrylamide-SDS gel” and stained with Coomassie blue. The proteins from cells infected 
with the following bacteriophages are shown: a, AlacHBs-1; b, AplacS-1UVS5; c, AlacHBs-2; d contains an extract of uninfected 3,000X74. The 
arrows show the position of size markers: B-galactosidase* and 8,8' subunits of RNA polymerase’. B, Infected cells were diluted 10 times in 
Laemmli medium (Bacto-Tryptone: 10 g, Bacto yeast extract: 5 g, NaCl: 10g in 1 L pH 7.3) containing [*°S] methionine (1050 Ci mmol | 
150 aCi ml‘) and incubated for 25 min at 37 °C. Cells were centrifuged, resuspended in one-tenth volume (Tris pH 8:10 mM, EDTA : 5 mM, 
lysozyme: 0.5 mg ml ' PTSF:30 pg ml ') and lysed by three freeze-thaw cycles. The suspension was then made up to 10 mM MgCl; and 
20 ug ml ' DNase was added; it was incubated for 15 min in ice and centrifuged. The supernatant was used for immunoprecipitation as follows: 
to 80 pl of this E. coli extract were added 120 ul TNT buffer (Tris pH 7.5 : 50 mM, NaCl: 150 mM, Triton X100 1% ) and 2 ul antiserum and the 
mixture was incubated for 60 min at 37°C. Then, 100 pl of a suspension of Protein A-Sepharose CL-4B (Pharmacia) in TNT buffer 
(100 mg ml‘) was added and incubation was continued for 1 h at 0°C. The beads were pelleted by a 3 min centrifugation in an Eppendorf 
microfuge and then washed once with 500 ul TNT buffer, three times with 500 jl LiCl buffer (LiCl 500 mM, Triton X-100 1%, SDS 0.1%) and 
twice with 500 ul Tris pH 8:10 mM. Finally, radioactive proteins were eluted from the beads by boiling for 5 min in 40 ul Laemmli final sample 
buffer”. They were electrophoresed on a 6% polyacrylamide-SDS gel”? which was then treated for fluorography’, dried and subjected to 
autoradiography with flash-activated Kodak Royal X-Omat films at —70 °C (ref. 26). The figure shows the proteins from cells infected with the 
following bacteriophages: e, AplacS-1UVS5; f, AlacHBs-1; g, AlacHBs-1, immunoprecipitation with human antiserum to HBsAg (subtype ayw) 
(generous gift from Dr J. Drouet); h, AlacHbs-1, immunoprecipitation with the same antiserum to HBsAg in presence of HBsAg 100 pg ml ;i, 
AplacS-1UVS5, immunoprecipitation with the same antiserum to HBsAg; j, AlacHBs-1, immunoprecipitation with rabbit antiserum to 
B-galactosidase (gift from Dr N. Guiso); k, AlacHBs-2, immunoprecipitation with antiserum to 6-galactosidase; l, AplacS-1U VS immuno- 
precipitation with antiserum to B-galactosidase; m, AlacHBs-1QQS (cells are incubated 90 min at 37°C after infection); n, AlacHBs-1QQS, 
immunoprecipitation with a sheep antiserum to purified HBs Ag of ad and ay subtypes (gift from Dr J. Pillot). 
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be able to direct the synthesis of a hybrid polypeptide of 
molecular weight 136,098 (Fig. 1B). The HBs fragment from 
pXbaHBs-2 did not have a nucleotide sequence in the correct 
reading frame and it could be used as a control in further 
experiments. The HBs fragments from pXbaHBs-1 and 
pXbaHBs-2 were ligated with AplacS-1UV5 DNA previously 
cleaved with EcoRI endonuclease. The mixture was used to 
transfect E. coli strain C600recBC rk mk `. Since the insertion 
of a DNA fragment into the EcoRI site inactivates the lacZ 
gene’, the lac bacteriophage clones were purified on bacterial 
strain LA101**. The DNA of different bacteriophages was 
extracted and the orientation of the inserted DNA fragment was 
determined by electrophoretic analysis of the BamHI restriction 
fragments. Two phage derivatives AlacHBs-I and AlacHBs-2 
corresponding to the plasmids pXbaHBs-1 and pXbaHBs-2 
respectively had the HBs fragment in the correct orientation. 

We infected strain 3,000X74 (Hfr AlacX74, Institut Pasteur 
Collection) with AplacS-1UVS5, AlacHBs-1 and AlacHBs-2. The 
bacterial protein lysates were analysed by polyacrylamide-SDS 
gel electrophoresis’* and Coomassie blue coloration (Fig. 2A). 
The comparison of the three electrophoretic patterns revealed 
two major differences: in the case of AplacS-1UVS5, a much 
more intense band was observed at a position corresponding to 
B-galactosidase (molecular weight 116,248) mobility’; in the 
case of AlacHBs-1 a new protein species (P138) of molecular 
weight 135,000-141,000 was detected. This protein was not 
present after infection with AlacHBs-2. 

Proteins synthesized after AlacHBs-1 and Aplac5-1UV5 
infection were labelled with [>S] methionine. Precipitation with 
human antiserum to HBsAg followed by autoradiography of the 
polyacrylamide-SDS gel revealed a band present in the case of 
infection with AlacHBs-1 and absent in the case of Aplacs- 


1UVS (Fig. 2B). This band disappeared specifically when the 
immunoprecipitation was carried out in presence of cold 
HBsAg. The precipitated protein co-migrated with the P138 
protein. The same band was observed after immunoprecipita- 
tion with a sheep antiserum to purified HBsAg. A band was also 
present at the same position after immunoprecipitation with an 
antiserum to B-galactosidase (Fig. 2B). 

These results demonstrate that E. coli infected with the 
bacteriophage AlacHBs-1 synthesizes a protein of approximate 
molecular weight 138,000 with antigenic determinants of both 
HBsAg and £-galactosidase. These characteristics are exactly 
those predicted for the fusion polypeptide. The quantity of 
hybrid polypeptide was estimated by scanning the stained gels. It 
represents about 10% of the quantity of B subunit of the RNA 
polymerase, and about 1.5% of the quantity of B-galactosidase 
obtained after infection with A plac5-1 UVS. Assuming that the 
B subunit represents less than 0.7% of the total cell protein” the 
quantity of the hybrid protein should account for approximately 
0.05% of total cell protein. An explanation for the low amount 
of hybrid polypeptide obtained could be proteolysis. Indeed, 
when the bacteria are lysed in the absence of protease inhibitor, 
the amount of P138 protein is still lower. Nevertheless, the 
introduction of amber mutations into genes Q and S**** of 
Aplac HBs-1 genome, by genetic crossing with the bacterio- 
phage AplacSimm434QamS501Sam7 (ref. 22) enhances the 
P138 polypeptide production by a factor of approximately five 
(Fig. 2B). The 8-galactosidase-HBsAg hybrid polypeptide 
provides a model for coupling HBsAg with a carrier protein in 
an immunoreactive form ultimately useful in newer vaccine 
against HBV infection”. Moreover, the results presented rein- 
force the hypothesis that there is no intervening sequence in the 
HBsAg coding sequence’? 
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After allogenic transplantation of lymphoid cells into immuno- 
logically incompetent recipients, a graft-versus-host (GvH) 
reaction can occur. The original observation that the GvH 


reaction is mediated by two interacting types of T cell’ has led to 


the proposal that T cells must be subdivided into two sub- 
populations according to life span and migratory properties. 
These consist of T, cells, which are short-lived, sessile cells 
sensitive to adult thymectomy (ATx), and T, cells, which are 
long-lived, recirculating cells sensitive to anti-thymocyte serum 
(ATS)’. T,-T, cooperation has also been demonstrated in vitro 
in murine’ and rat‘ mixed lymphocyte culture. The question 
arises as to whether these T-cell subpopulations are activated by 
different or identical parts of the major histocompatibility 
complex (MHC). We report here that for optimal development 
of the anti-host immune response in a murine GvH reaction, T, 
cells have to be amplified by T, cells. The former cells are 
activated by a set of MHC gene products that are expressed 
mainly on immunological cells (H-21-coded antigens), whereas 
the latter recognize a different set of MHC gene products that 
are expressed on almost all cells of the mouse (H-2K/D-coded 
antigens). 


A delayed type hypersensitivity (OTH) assay was used to 
measure the development of specific anti-host directed T- 
effector cells”. The generation of these T-effector cells is induced 
by the host histocompatibility (H) antigens during a GvH 
reaction. Therefore, spleen and lymph node cells from mice 
which have been irradiated and reconstituted with allogeneic 
lymphoid cells are transferred intravenously (i.v.} into normal 
secondary recipients syngeneic to the original spleen cell donor, 
In these secondary recipients, the anti-host DTH reactivity is 
assayed by challenging the animals with the specific antigen and 
measuring the specific DTH response 24 h later. 
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Fig. 1 GvH-related DTH responsiveness of spleen celis of lethally irradi- 
ated (CS7BL/Rij x CBA/Rij)F, mice (H-2°’*) reconstituted with T, and/or 
T, cells from DBA/2 mice (H-2*}. The DBA/2 donors were either treated in 
` pivo with ATS (or NRS as a control) or were adult thymectomized CATS) (or 
sham-thymectomized (ShTx) as a control) 6-8 weeks previously. ATS spleen 
cells were used as a source of T, cells, and ATx spleen celis as a source of T, 
cells. Five days after irradiation and reconstitution, the spleen cells of cach 
recipient were Lv. transferred into a naive DBA? mouse. An asterisk means 
that T, and T, cells were separately injected into different lethally irradiated 
(CSTBL x CBAJF, recipient mice. In that case, the spleen cells-from both 
‘types of primary recipients were simultaneously transferred into the secon- 
dary DBA/2 recipients. All secondary recipients were challenged into the 
instep of the right hind foot with 2x 10’ (CS7BL x CBA)F, spleen cells. 
These spleen cells were treated with mitomycin C (Kyowa Hakko Kogyo), 
100 ug mi~* for 30 min at 37 °C. At 24 h after challenge, the anti-host DTH 
reactivity was measured as the difference in thickness of the hind feet. The 
relative specific increase is calculated as the relative increase in foot thick- 
ness of the immune mice minus the relative increase in foot. thickness of 
control mice, which had only received the challenge injection. The swelling 
of these control mice was 12-20%. DTH responses are expressed as the 
specific percentage increase in foot thickness. Horizontal bars represent 
1 sem. (1 = s. 


For the experiments reported here, T, cells were obtained by 
pretreatment of spleen cell donor mice with ATS in vive. This 
pretreatment gives an enrichment of T, cells in the spleen by 
selective depletion of the pool of recirculating T; cells®, Long- 
lived T; cells were obtained either from the spleen of donors 6-8 
weeks after ATx, or by isolation in vive of recirculating, lymph 
node-seeking T- cells according to the method of Tigelaar and 
Asofsky’. 

We have previously shown that spleen cell transplantation 
across H-2 differences into lethally irradiated recipients did 
result in a transferrable anti-host DTH response**. After 
transplantation of as much as 10° ATS-treated DBA/2 
spleen cells, as a source of T, cells, into lethally irradiated 
(CS7BL x CBA)F, mice, no significant anti-host DTH-response 
developed (Fig. 1). In contrast, such.a reactivity did appear after 
transplantation of 5 x 10° spleen celis from ATx DBA/2 mice as 
a source of T, cells (Fig. 1). In this combination, simultaneous 
transplantation of T, cells and T; cellsegave a much higher 
anti-host DTH response than the T, cells only. Anti-Thy-1.2 
treatment of cell suspensions containing either T; or T, cells 
could completely prevent amplifier and effector cell activity, 
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Table 1 The target H-2-subregion coded antigens for T, and T, cells 





Inoculum 
10° CSTBL NRS spleen 
10° C57BL ATS spleen (T,) 
1 LNS eq. CS7BL (Ta) — . 
10° C57BL ATS spleen (T,) +1 LNS eq. C57BL (T,) 


10° B10.AQR NRS spleen 

10° B10.AQR ATS spleen (T,) 

1 LNS eq. B10.AQR (T) 

10° B10.AQR ATS spleen (T,)}+ 1 LNS eq. B10.AQR (T) 


10° B10.AQR NRS spleen 

10° B10.AQR ATS spleen (T,) 

1 LNS eq. B10.AQR (T,) 

10° B10.AQR ATS spleen (T,)+ 1 LNS eq. B10.AQR (T,) 


10° A. TL NRS spleen 

10° A. TL ATS spleen (T,} 

1 LNS eq. A.TL (T,) 

10° A. TL ATS spleen (T,) +1 LNS eq. A.TL (T,) 


H-2 subregion 


coding for 

Recipient immunizing antigen® DTH response 
B10.G K+1I+D 25.9+1.4 
BiG.G K+1I+D ~1.8+£3.2 
BiG.G K+1I+D 8.141.4 
B10.G K+1+D 25.242.3 
B10.A x B10.T(6R) K+I 33.4+2.6 
B10.A x Bid. T(6R) K+I 3.54258 
B10.AxB10.T(6R) K+] 11.4+2.0 
B10.A x B10. T(6R) K+I 26.8 + 1.2 
B1i0.T{6R) I 34.4433 
Bi0.T(6R) I -094 1.8 
B10.T{6R) I 19.64 2.9 
B10.T{6R) I 20.44 1.6 
A.TH I 31.22.14 
A.TH I 0.142.1 
A.TH I 16.5419 
A.TH I 1$.1+2.0 





GvH reactions were elicited by i.v. injection of the inoculum into lethally irradiated recipient mice. Recipients were lethally irradiated (700 rad) within 4h before 
reconstitution. At 5 days after reconstitution a number of cells equivalent to the total ceil yield obtained from spleen, inguinal, axillary and mesenteric lymph nodes of a 
recipient mouse were transferred i.v. to a secondary recipient syngeneic to the original spleen cell donor. Lymphoid cells from all primary recipients of a particular 
combination were pooled before secondary transfer, Immediately after transfer to the secondary recipients, these recipients were challenged in the right hind foot with 
2x 10” spleen cells syngeneic to the original irradiated recipients. At 24 h after challenge of the secondary recipients, DTH responses were measured. Numbers represent 
the arithmetic mean + 1 s.e.m. of five mice. In view of the different donor-recipient combinations, the improvement of the T,-cell-mediated DTH reactivity by admixing T, 
cells should be judged separately within each of the four different combinations. T, cells were obtained by pretreatment of donor mice subcutaneously with 0.2 ml ATS (or 
norma! rabbit serum (NRS) as control). This amount was equally distributed over the inguinal and axillary areas. These injections were given 5 and 2 days before collecting 
the spleen cells. T, cells were isolated in vivo. 15x 10’ pooled spleen, peripheral and mesenteric lymph node cells of a particular donor strain were i.v, injected into 
syngeneic recipients which had been lethally irradiated 2 h previously. At 24 h after inoculation, only the peripheral lymph nodes were obtained from these recipients. Such 
peripheral lymph nodes contained about 4 x 10° more nucleated cells than lymph nodes from lethally irradiated, non-reconstituted mice. The cell yield from all peripheral 
lymph nodes of a single irradiated recipient is called one lymph node seeking equivalent (1 LNS eq.). 

* H-2 subregion difference between inoculum donors and irradiated recipient mice. The origin of H-2 subregions (K, I-A, I-B, I-C, D) for the strains are as follows: 
A.TH, ssssd; A. TL, skkkd; B10.A, kkkdd; B10.AQR, gkkdd; B10.T(6R), gagad; C57BL, bbbbb; B10.G, qqaqqq. 


respectively’. When T, and T, cells were separately activated by 
H antigens and thereafter combined and simultaneously trans- 
ferred into secondary recipients, no synergistic reactivity was 
observed (Fig. 1). This indicates that cooperation of T, and T; 
cells only occurs during the induction phase of the anti-host 
immune response and not during the inflammatory reaction in 
the challenged foot of the secondary recipients. 

In Table 1, upper part, T,-T, synergism is shown for the 
anti-host DTH response of CS7BL lymphoid cells against 
B10.G mice (which differ at the K, I and D subregions of the H-2 
complex), and after transplantation of B10.AQR lymphoid cells 
into (B10.A x B10.T(6R))F; mice (which differ at the K and I 
subregions). Also in these combinations, simultaneous trans- 
plantation of T, and T, cells gave a much higher anti-host DTH 
response than the T, cells alone. Because the anti-host DTH 
response after transplantation across a whole H-2 difference is 
directed exclusively to H-2I-coded antigens®, and H-2K/D 
antigens by themselves are unable to evoke an anti-host DTH 
response”, these results might suggest that T; cells are activated 
by H-2K and/or H-2D region-coded antigens, and amplify the 
anti-H-21 response by T, cells. This hypothesis was evaluated by 


testing the occurrence of T,-T2 synergism during the develop- . 
ment of an anti-host DTH response in the case of trans- 


plantation across a H-2I difference only. This was done by 
transplanting T, and T; cells from B10.AQR mice into lethally 
irradiated B10.T(6R) mice and from A.TL mice into irradiated 
A.TH recipients. In both situations, no evidence for T-T: 
synergism could be found (Table 1, lower part). Thus, T, cells 
must be activated by H-2K/D antigens to display amplifier 
activity. The formal proof of this conclusion would be a positive 
response after transfer of mixtures of the two T-cell sub- 
populations after separate activation of the T, cells by I-coded 
antigens and of the T, cells by K/D-region coded antigens. 
However, such experiments are impossible because simul- 
taneous transfer of separately activated T, and T; cells does not 
result in any detectable synergistic activity (Fig. 1). 

The consequence of the differential specificity of receptors of 
T, (anti H-2K/D) and T, (anti-H-2]) cells is that both sub- 
populations must belong to different, parallel lines of T-cell 


differentiation. Recent observations'’''* suggest that there are 


two separate lines of intra-thymic T-cell differentiation with 
regard to Lyt phenotype, one line leading to Lyt 1° T cells and 
the other to Lyt 123° T cells. The latter cells might further 
differentiate into Lyt 23° cells after their migration as Lyt 123° 
cells to the periphery'’*’*. A part of this post-thymic Lyt 123° 
population is ATx sensitive and may be identical to the T, 
population'*. The data presented here indicate that post-thymic 
T, cells (probably Lyt 123° cells), on stimulation by K- and/or 
D-region coded antigens, can amplify the generation of anti- 
host DTH effector cells from T, cells (probably Lyt 1° cells), 
activated by I-region coded antigens. Such T,-derived effector 
cells can release factors which lead to the expression of GvH- 
related DTH on transfer {in our system) or to help in humoral 
responses. The present results lead us to speculate that in the 
case of enhancement of T-helper cell activity by T -amplifier 
cells, both subpopulations are restricted by different H-2 
subregions—T-helper cells by H-2I and T-amplifier cells by 
H-2K/D. 
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Thymus-derived lymphocytes (T cells) show a high degree of 
discrimination in their responses to various antigens, very 
similar to the specificity repertoire of antibody-producing B 
cells. The nature of the T-cell receptor which mediates antigen 
recognition is obscure, but the ability to discriminate between 
antigenic specificities implies a range of receptor specificities. 
Many serological and genetic data suggest that T-cell receptors 
use the immunoglobulin heavy (H)-chain variable (V) region 
genes but do not carry the antigenic determinants of the 
immunoglobulin H-chain constant (C) regions; they also do not 
seem to carry conventional light (L)-chain V- or C-region 
determinants’. In B cells and derivatives the expression of 
immunoglobulin genes is manifested, at the DNA level, by an 
alteration of the restriction enzyme patterns of both the H and L 
immunoglobulin genes*”*. Specifically, V-gene integration 
involves joining of a V gene with a J segment (in the case of the H 
chain probably through an intermediate D segment)**” so that 
sites for restriction enzymes will undergo changes in cells in 
which V-J joining has occurred. Here, we describe Southern 
filter hybridization experiments'’ using Cu and Cx probes on 
the DNA of individual T-cell clones from mice, and present 
evidence for alteration of sequences adjacent to the Cy gene in 
the cells. 

The T-cell clones used in this study were two killer cell lines 
(AD9 and HY72)''. Both the cell lines were derived from 
stimulated splenic T cells and display an H-2-restricted cyto- 
toxic activity against cells bearing H-Y antigen (an activity 
which has remained unchanged over several months of culture). 
The cells also express the Thy-1 surface antigen. The T cells 
were derived from different strains of mice and we have there- 
fore compared the size of the restriction fragment containing the 
Cy gene in liver DNA from various mouse strains using a cloned 
Cu cDNA probe (pyu/118)'*. Figure 1 shows the result of a 
Southern filter hybridization experiment between KpnI digests 
of liver DNA and nick-translated pu/118. Considerable poly- 
morphism can be seen between the different strains with respect 
to the KpnI restriction fragment containing the Cu gene. We 
have also found polymorphism between yH-chain genes of 
different mouse strains but no differences in the Cx gene of any 
of the strains studied (unpublished). A separate study has shown 
that the intervening sequence between V and Cy! regions of an 
IgG1-producing myeloma cell contains short tandemly repeated 
sequences which may also occur in regions adjacent to Cy, to the 
other Cy and to the Ca genes’. It is possible, therefore, that the 
polymorphism in the size of restriction fragment containing the 
CH genes is a result of genetic instability within these tandemly 
repeats similar to, for example, the instability associated with 
the Xenopus rDNA tandemly repeated sequences". 

To detect rearrangement events around a J segment it is 
necessary to cleave the DNA to the 5’ side of the J segments. 
KpnI cleaves about 1.5 kilobases to the 3’ side of the Cu gene’: 
therefore, the sizes of the KpnI fragments (see Fig. 1 legend) of 
the different strains are all consistent with the possibility of a 
second cleavage site to the 5' side of the JH region, given that JH 
and Cy are separated by about 8 kilobases'*. Figure 2 compares 
the hybridization of pu/118 (Cu probe) with Kpnli-digested 
T-cell DNA or liver DNA from the respective strain with a 
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Fig. 1 Hybridization of Cu probe with liver DNA from various 
strains of mice. High molecular weight DNA was prepared from 
livers of A/J, CBA, DBA/2, B10A, BALB/c and BALB/b mice, 
digested to completion with KpnI and 15-yg aliquots fractionated 
on 0.8% agarose (alongside A phage DNA digested with EcoRI as 
size markers). The DNA was denatured and transferred to Schlei- 
cher and Schiill nitrate filters’. The Cy probe pu/118 isacDNA 
clone containing all of the Cu coding region plus a substantial 
amount of 3’ noncoding sequence’, and was radioactively labelled 
by nick-translation (specific activity 4 x 10’ c.p.m, per ug). The 
filters were hybridized as previously described***” using 6 x SSC 
salt conditions and 10° c.p.m. ml~' of probe for 2 days at 65 °C. 
The filters were washed after hybridization in 1 x SSC salt condi- 
tions and autoradiography was carried out for 2 weeks at —70°C 
using prefogged film and an intensifying screen” . Fragments found 
in BALB/c, BALB/b and DBA are around 14 kilobases (kb), 
about 15 kilobases in BIOA DNA, 12 kilobases in CBA and 12.5 
kilobases in A/J DNA. 


myeloma cell line (McPc 1748) which produces IgM. In each 
case, the liver DNAs display only a single hybridizing band 
which presumably reflects the presence of a single Cu gene in 
these mice. Compared with the liver DNA, DNA from the 
myeloma line (Fig. 2a) and the killer T-cell clones (Fig. 2b, c) 
display new restriction fragments hybridizing to the Cu probe. 
The IgM-producing myeloma shows two new hybridization 
bands (about 20 and 18.5 kilobases), indicating that rear- 
rangement events have occurred on both immunoglobulin- 
bearing chromosomes in this cell line. Unlike the myeloma 
DNA, T-cell DNAs possess only single new rearranged frag- 
ments containing a Cu gene as well as a fragment approximately 
coincident with that found in the liver DNA. Thus, it seems 
likely that these cells have undergone DNA alteration at the JH 
cluster but that this event has occurred on only one 
chromosome, in contrast to the IgM-producing cell line. We 
have also found evidence of similar gearrangements in a 
Moloney virus-transformed cell line (Thy-1 positive, A. D. 
Lowe, personal communication), but we could find no rear- 
rangement in a cell line such as P815 (a mouse mastocytoma). 
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Furthermore, cleavage of the DNA with EcoRI, which cleaves 
between Cu and JH”, obliterates the evidence of rearrange- 
ment (unpublished data), lending support to the hypothesis that 
the events involve the JH region. 

We have examined the possiblity of «-chain rearrangement in 
the T-cell clones and in the IgM-producing clone using a similar 
strategy—digesting DNA with enzymes which cleave 3' of Cx 
and 5' of Jx (BstI and EcoRI). McPc 1748 (Fig. 3a) possesses 
two EcoRI fragments hybridizing to the Cx probe (23 and 15 
kilobases) of which the latter is common to the unique Cx- 
containing EcoRI fragment of BALB/c liver, indicating that this 
cell line has an integrated Vx-Cx gene in one chromosome. The 
comparative hybridization of the Cx probe to AD9 DNA and 
CBA liver DNA digested with BstI (Fig. 36) shows only a 
common hybridization component (about 12.5 kilobases) which 
may be attributed to the unintegrated Cx gene. Similar results 
were obtained with both HY72 DNA and the mastocytoma cell 
(P815) (unpublished). The absence of Cx or Cu rearrangement 
in P815 DNA is consistent with results recently published by 
Kemp et al.'°, who found no evidence of Cx or Cu transcripts in 
P815 RNA. 

The data presented are, therefore, consistent with the 
conclusion that DNA changes have occurred which are asso- 
ciated with sequences to the 5' end of the Cu gene but that 
K-gene rearrangements have not occurred in the T-cell clones 
studied. These changes around the Cy gene, by analogy to the 
results in B cells, could be due to VH-JH joining or may be due 
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Fig. 2 Profiles of T-cell and B-cell DNA hybridization with Cu 

probe. High molecular weight DNA of BALB/c liver (L) and McPc 

1748 cells, C57B16 livér and HY72 cells, and CBA liver and AD9 

cells were digested to completion with Kpnl, fractionated and 

hybridized as in Fig. 1 with pw/118. a-c Represent separate 
fractionations of DNA. 
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Fig. 3 Hybridization of mouse DNA to Cx probe. The various 
high molecular weight DNAs were completely digested with EcoRI 
(panel a) and BstI (panel b), fractionated and transferred to 
cellulose nitrate filters as in Fig. 1. The Cx probe was isolated from 
the cloned cDNA px(11)** (ref. 31) by digestion with Hpal: this 
enzyme cuts once in the pMB9 vector and once within the Cx 
region of the insert near the V/C junction’? to yield two fragments 
of which the 3.7-kilobase fragment contains the Cx region. The 
fragment was isolated from a preparative agarose gel and labelled 
by nick-translation. The filters were hybridized and washed as in 
Fig. 1. a, L= BALB/c liver DNA; Mc=McPc 1748 DNA. b, 
L=CBA liver DNA; AD9 = AD9 killer T-cell DNA. 


to an as yet unknown DNA activity in this area. Although the 
T-cell and B-cell DNA may share these rearrangement features 
around the Cu gene, they differ in that the T-cell DNAs show no 
evidence of Cx-gene rearrangement. Although the results 
presented here do not necessarily imply T-cell expression of this 
region of the immunoglobulin locus, there is evidence that Cu 
genes are expressed in thymocyte population or T-cell 
lymphomas'*’’. The present study utilizes cloned T-cell lines as 
a source of DNA rather than tumour lines or thymus cells. 

One can speculate on possibilities which could reconcile these 
results with what is known of T-cell receptors at the cellular level 
and H-chain genes at the molecular level. It seems that deletion 
of DNA between VH and CH genes occurs during the H-chain 
class switch*'**°. Thus, as the T cells possess Cu genes, it can be 
inferred that a putative constant region sequence of the T-cell 
receptor (Cr) would need to be located between the VH cluster 
and the Cu gene or within the Cy gene itself. In the mouse, JH 
segments and the Cy genes are separated by about 8 kilobases 
of intervening sequence’* which could easily accommodate a 
constant-region gene. A second possibility is that Cr is 
generated from the Cy gene, partly from the Cu coding reading 
frame sequence and partly from new reading frames, or new 
combinations of coding sequences created by differential splic- 
ing, such as occurs in the formation of the SV40 and polyoma 
virus T antigens?™™” or as is now known for the formation of the 
membrane form of -heavy chains****. A third possibility is that 
Crv is located on a separate chromosome which can recombine 
with the immunoglobulin locus to translocate VH to Cr or vice 
versa. 
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Because the axons of retinal ganglion cells are the sole channels 
carrying information from the eye, the organization of their 
central projections is important in visual processing. However, 
their detailed destinations and patterns of synaptic distribution 
at the level of single, functionally identified cells are not known. 
Most anatomical studies involve populations of cells or fibres 
and do not examine their physiological properties; physiological 
studies involving intracellular recording and injection of marker 
substances into cell bodies’~ of single cells do not reveal distant 
axon terminals because the markers stain the fibres for only a 
few millimetres from the perikarya. To examine the central 
projections of retinal ganglion cells we have impaled single optic 
tract fibres near their sites of termination** and injected them 
iontophoretically with the marker enzyme horseradish peroxi- 
dase (HRP). We now report that this method has revealed the 
thalamic and midbrain ramifications of single physiologically 
characterized axons. The individual optic-tract fibres branch 
repeatedly, sending collaterals to the superior colliculus (SC), 
the medial interlaminar nucleus (MIN), and to one or more 
laminae within the dorsal lateral geniculate nucleus (LGNd). In 
different nuclei the single axons form arborizations of charac- 
teristically different shapes and distribute their synaptic 
terminals in columns (LGNd), sheets (MIN) or widely spread 
patches (SC). 

We used standard procedures for studying visual physiology 
in mammals’, for HRP histochemistry’® and for morphological 
reconstruction. To maximize transport of the HRP out of the 
electrode tips we used high enzyme concentrations and large d.c. 
currents. The electrodes were filled by centrifugation with a 
pre-centrifuged solution of 200 mM potassium acetate (pH 6.8) 
and 10% HRP. The tips were broken to diameters of about 
0.5 um, giving d.c. resistances of 200-500 MQ. To protect their 
tips and guide their descent to the optic tract, the electrodes 
were lowered from the surface of the cortex inside a stereo- 
taxically positioned glass micropipette (Horsley—Clarke ant. 6, 
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lat. 9; see Fig. 1a). The membrane potentials recorded from the 
axons were 10-40 mV negative with positive-going action 
potentials of 2-10 mV amplitude. On completing physiological 
testing of an impaled axon, we injected it with HRP using a 
current of 20-50 nA (electrode-positive) for 30-200 s. During 
the injection the current was periodically turned off and action 
potentials from the axon were observed to confirm that it 
remained impaled. The length of stained axon varied with the 
total injected charge and appeared complete in the geniculate 
and colliculus with 5-10 uC. At their injection sites the axons 
appeared swollen and were surroundec by extracellular debris 
(see Fig. 15). Several hundred micrometres away the axons 
appeared normal and had diameters, mcluding myelin, of 7~ 
5 um. Results reported here are based on 9 of 14 axons we 
recorded and injected in the optic tracts of four adult cats. All 
nine axons (three from ipsilateral and six from contralateral 
eyes) were functionally classified as Y-type based on standard 
criteria including high conduction velccities”'? (30-40 ms’) 
and nonlinear spatial summation in their receptive fields? 

Figure 2 represents a frontal view of the left thalamus and 
midbrain showing the reconstruction of an on-centre optic tract 
axon from the contralateral eye. The axen was impaled (arrow) 
in the optic tract just ventral to the LGNd. The centre of the 
axon’s receptive field was 1° in diameter and was located on the 
vertical midline 13° below the projection of the area centralis. 
The axon was spontaneously active, gave transient responses to 
steps of light, and responded well to rapidly moving stimuli. 
Based on a contrast reversal test”, the effects of light were 
nonlinearly summed in its receptive field. The axon’s retinal 
origin and its high conduction velocity (latency 0.36 ms) were 
demonstrated by electrical stimulation with a hook electrode 
placed near the head of the optic nerve. 

Each of the nine axons sent collaterals to three nuclei: the 
LGNd, the MIN and the SC. In each nucleus the collaterals 
formed arborizations with characteristic patterns (see Fig. 2): 
converging to single loci in the LGNd, ciffuse and radiating in 
the SC, and spread out in thin sheets in the MIN. Thus, indivi- 
dual ganglion cells have structurally different patterns of 
arborization at each of their nuclear destinations. Each axon 
gave rise to a total of 1,000-2,000 synartic-like boutons which 
appeared in the sections as spherical or irregular swellings 
0.5-3 um in diameter. Such swellings have been identified in the 
LGNd as synaptic terminals’*. The axon shown in Fig, 2 had 
about 1,400 of these terminals: 225 in the SC, 1,134 in the 
LGNd and 34 in the MIN. 

In the LGNd the single axons from the contralateral eye 
always terminated in both laminae A and ©. This is illustrated by 





Fig.1 a, Photograph of the glass micropipette used to protect and 
guide the tip of the electrode into the optic tract. The recording 
microelectrode extends out of the pipette. The micropipette was 
made from 1.6 mm o.d. glass pulled to a taperof 25 mm and broken 
to a tip diameter of about 30 um, The electrodes were made with 
30-mm tapers so that they could extend several millimetres out of 
the micropipette. 6, Photographic montage showing detail of the 
axon of Fig. 2 at its injection site in the optic tract. The axon passes 
from the upper surface of the 100-um section (lower right) to the 
lower surface (out of the picture at far left). lebranches and sends a 
collateral back to the upper surface of the section (upper left). The 
arrow indicates the site of injection based on a line projected from 
the electrode track. 





ra 
© 1986 Macmillan Journals Lid 


a 


Nature Vol. 286 28 August 1980 





Fig. 2 Reconstruction from coronal sections of a single on-centre Y-type axon showing its terminations in the LGNd, MIN and SC. The arrow 
indicates the site of injection into the axon (see Fig. 1b). The figure represents over 3 mm of depth in the anterior—posterior axis (perpendicular to 
page) so that the perspective is flattened and the shapes of the nuclei and laminae are not representative of a single coronal plane. The 


LGNd 


arborization in the SC is in the anterolateral part of the nucleus. 
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Fig. 3 Reconstructions 
of single axons showing 
their terminations in the 
right LGNd and MIN. 
The shapes of the terminal 
distributions in the MIN 
are bowl-like (concave 
toward the LGNd) and 
extend in the anterior- 
posterior axis about as far 
as they do in the plane of 
the figure. Arrows 
indicate injection sites. 
Upper: on-centre Y axon 
from the contralateral eye 
with a 4.5° receptive field 
centre located 28° below 
the horizontal meridian 
and 26° from the vertical 
midline. Lower: off- 
centre Y axon from the 
ipsilateral eye with a 4.5° 
receptive field centre 
located 1° above the 
horizontal meridian and 
8.5° from the vertical 
midline. 
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the axons of Figs 2 and 3 (top). In at least two cases (for example 
see Fig. 2), these axons terminated in all three of the contrala- 
teral laminae (A, C, C2). Whether this was always the case is not 
clear because the borders of C, were not always evident in our 
sections'°. Axons from the ipsilateral eye terminated in only a 
single lamina. They arborized in A, but not in the other lamina 
(C,) that receives ipsilateral input (see Fig. 3, bottom). 

In three instances in which the sections were cut at right angles 
to the planes of the laminae, the synaptic terminals were seen to 
be distributed in broad-based columns that spanned the thick- 
ness of lamina A or A,. Figure 4 shows one of these columns 
reconstructed from the axon of Fig. 3 (bottom). Each dot 
represents the position of a single terminal in A;. The columns 
provide an anatomical basis for the physiologically observed 
‘projection columns’’® which run through the nucleus. As with 
the projection columns at the same locations, the columns of 
terminals were tilted forward with respect to vertical". Their 
broad bases, resulting in a greater density of Y terminals in the 
ventral portions of the laminae, may account for the apparent 
segregation of Y afferents that has been seen in field potential 
recordings’. The shape of the columns shows that there is an 
intra-laminar gradient in the spatial distribution of synaptic 
connections across the laminae. The functional significance of 
this gradient is unknown. 

In the planes of the geniculate laminae, which correspond to 
the plane of the retinotopic map, the distributions of the 
terminals were basically circular. The maximum lateral spread 
was constant (300-400 um) in spite of the fact that the receptive 
fields ranged from 1° to 4.5° in diameter and were located 
between 8° and 38° from the area centralis. This constancy of 
spread is consistent with the idea’’ that variations in geniculate 
receptive field sizes result from response properties of the input 
fibres rather than from anatomical differences within the 
nucleus. It also suggests uniformity and repetition in the geni- 
culate, a plan of organization similar to that in the striate cortex, 
and one that may have developmental advantages’”. 

In the MIN the retinotopic map is a mirror image of that in the 
LGNd”’. Each axon distributed its terminals in the MIN as a 
sheet 300-400 um across and about 50 um thick. The sheets 
were slightly concave toward the LGNd, conforming to the 
general curvature of the MIN. They were orientated approxi- 
mately perpendicular to the geniculate laminae. The form of the 
sheets can be appreciated from Fig. 3, taking into account that 
the perspective is distorted by projection onto a flat surface. The 
spread of the terminals in the plane of the MIN map (about 
50 pum) was a factor of six to eight times less than the spread of 
the terminals in the plane of the geniculate map, a factor which is 
of the same order as the overall size difference between the MIN 
and LGNd. Thus, on the basis of the lateral spread of afferent 
terminals, the nuclei seem to be scaled similarly. 

The synaptic terminals in the SC were in the superficial layers 
of the nucleus. A dorsal view of the SC arborization from Fig. 2, 
obtained by rotating the reconstruction graphically, revealed 
that the terminals were grouped into irregular patches which 
were distributed as an ellipse (1 x2 mm) with its major axis 
orientated approximately medio-laterally. It would be interes- 
ting to know exactly how these patches are positioned relative to 
the columnar organization described in the SC for ipsilateral eye 
afferents and acetylcholinesterase activity’. It is clear that the 
major axis of distribution was approximately orthogonal to the 
columns and must have spanned several of them. 

In the geniculate complex single axons often had two or more 
long branches which travelled along different paths to converge 
on the same retinotopic location (see especially Figs 2 and 3, 
top). It is not clear what functional significance, metabolic 
constraint, or mode of development these multiple and some- 
what indirect pathways may reflect. What they do show is that in 
the adult there is considerable freedom in the paths that an axon 
may take to its target. 

A second and perhaps related feature was that the forms of 
the arborizations in the LGNd and MIN were often only a crude 
guide to the spatial distribution of the axons’ terminals. Some 
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Fig. 4 Columnar distribution in lamina A, of terminals from the 
axon of Fig. 3, bottom. Reconstructed from four 100-ym serial 
sections. Number of terminals is about 1,200. 


arborizations were diffuse and composed of processes that arose 
from branch points well outside the area of their actual termina- 
tions (compare Fig. 3, bottom, with the terminal distribution in 
Fig. 4). Other arborizations, such as the one in lamina A of Fig. 
2, were dense and nearly congruent with the terminal dis- 
tributions. The lack of close corresponderce between the forms 
of the arborizations and the spatial distributions of the terminals 
was especially marked in the anterior—posterior axis of the 
LGNd. Here, sagittal sections showed that the arborizations 
were stretched out toward the posterior of the nucleus in 
‘cypress-like’*’ fashion. The form of the arborizations and the 
multiple pathways of the axons’ long branches may arise during 
development as a result of morphological changes following 
synaptogenesis in the target nuclei. In the developing cat geni- 
culate, the formation of the laminae, as well as growth and 
rotation of the nucleus, occurs after the arrival of the retinal 
afferents’. In the monkey geniculate similar events have been 
specifically shown to occur after synaptogenesis has begun”. If 
the migrating cells drag their presynaptic axons with them, then 
the terminals could be carried far away from the axons’ branch 
points. In contrast to their geniculate patterns, axons in the 
colliculus go directly to their sites of termination by single, short 
paths (see Fig. 2). In this regard it would be interesting to know 
how the sequences of developmental events and patterns of 
morphogenesis differ between the cat colliculus and geniculate. 

The results reported here are based on a sample of one 
physiological class of retinal axons. It will be of interest to 
examine single axons of other functional types, such as those 
from X cells'* which have linear spatial summation and from 
colour cells which have opponent spectral properties. The 
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experimental approach of staining single axons may also be 
useful in answering questions about axonal growth in developing 
preparations and in adult animals whose development has been 
altered by early experience, lesions or genetic factors. 
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In vivo electrochemical detection 
of catechols in the 
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Electroanalytical techniques for the in vivo measurement of 
neurotransmitters in brain tissue have been applied especially to 
the catecholamines, which are easily oxidizable’*. Measure- 
ments are, however, complicated by the presence of ascorbic 
acid (AA) in brain tissue’**. Lane ef al.’ have been able to 
circumvent this problem, at least in part, by the application of 
differential pulse voltametry (DPV) to a surface-modified pla- 
tinum electrode, obtaining distinct oxidation current peaks in 
recordings from the rat neostriatum which are attributed to AA 
and to dopamine (DA), respectively, but which are also 
unstable. We have recently described a new type of electrode’”, 
consisting of a pyrolytic carbon fibre 8 pm thick and 0.5 mm 
long. We now report that the DPV method used in conjunction 
with an electrochemical treatment of this electrode yields stable 
and reproducible peaks in which catecholamines and AA are 
resolved from each other. Moreover, pharmacological investi- 
gations suggest that the catecholamine peak measured in vivo in 
the rat neostriatum should be attributed to 3, 4-dihydroxy- 
phenylacetic acid (DOPAC), suggesting that our technique may 
be a useful means of following dopaminergic activity in vivo. 

A classical three-electrode system was used with a con- 
ventional Ag/AgCl r®ference electrode. The carbon fibre elec- 
trodes were prepared as described elsewhere’, and electro- 
chemically treated by applying a triangular wave potential 
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(0-3 V, frequency 70 Hz) for 20s, with the electrode tips im- 
mersed in phosphate-buffered saline (PBS). Differential pulse 
(DP) voltammograms (Polarograph Tacussel PRGS; scan rate 
20 mV s ', pulse modulation of 20 mV per 0.2 s) were recorded 
in vitro in PBS containing 20 yM DOPAC and 200 uM AA until 
the signal remained stable (~ 15 min). Before and after implan- 
tation each electrode was calibrated in standard solutions of 
DA, DOPAC, AA and dihydroxyphenylalanine (dopa). AA 
peaked at -50 mV and catechols, such as DOPAC, DA or 
dopa, peaked at +100 mV (Fig. 1). They yielded linear current 
responses with increasing concentrations of AA (0-1 mM), 
DOPAC (0-60 uM), DA or dopa (0-2 uM). These linear 
responses were not affected by the in vivo utilization of the 
electrode. The minimum measurable signal corresponded to 
about 2 uM for DOPAC and 0.2 uM for DA or dopa. 

Carbon fibre electrodes were implanted in the neostriatum of 
anaesthetized rats (chloral hydrate 400 mg kg '). DP voltam- 
mograms recorded each 2.5 min showed two peaks: ‘peak 1° 
appeared at the same potential as AA in vitro (—50 mV); and 
‘peak 2' appeared at the same potential as the catechols (+ 
100 mV) (Fig. 1). We have shown that peak 1 disappeared in the 
striatum of guinea pigs that had been fed on a vitamin C- 
deficient diet and have suggested that peak 1, obtained from the 
striatum, is therefore due to AA’. Unfortunately, peak 1 was 
often found to be distorted, showed considerable variance from 
One animal to another, and appeared to be a function of the 
depth of anaesthesia. Thus, further work is needed to find better 
conditions (different parameters for the treatment of the 
microelectrode, use of chronic implanted rats) that will allow a 
more precise determination of AA in vivo. 

In contrast, peak 2 appeared very stable and reproducible 
(Fig. 2). After an unilateral and selective destruction of the 
nigrostriatal dopaminergic pathway (performed and controlled 
as previously described’), peak 2 was suppressed in the striatum 
where the dopaminergic terminals degenerated, but was still 
present on the intact side (Fig. 1). Moreover, administration of 
a-methyl-p-tyrosine, a specific inhibitor of catecholamine 
synthesis’, decreased the amplitude of peak 2 (Fig. 2). These 
results indicate that peak 2 represents the DP oxidation current 
of one or several catechol compounds, probably related to 
catecholaminergic nerve terminals in the striatum. 

Several catechol compounds present in the striatum can be 
ruled out as being significant contributors to peak 2. 
Noradrenaline content in the striatum is about 1% that of DA" 
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Fig. 1 Differential pulse voltammograms from in vitro experi- 
ments and from the neostriatum of anaesthetized rats (in vivo). 
Electrochemically treated carbon fibre electrodes were tested in 
PBS containing AA (200 uM) and DOPAC (20 uM). a Shows 
typical DP voltammogram. b Represents one typical example of 
DP voltammograms recorded in one rat with the same electrode 
implanted alternately in both striata. The lesioned side corres- 
ponds to a striatum in which the dopaminergic terminals were 
selectively destroyed following 6-hydroxydopamine injection in 
the substantia nigra’. Peak 2 suppression was observed with all the 
lesioned rats (n = 6). 
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Fig. 2 Evolution of peak 2 height measured from DP voltam- 
mograms obtained from the neostriatnm in control rats and rats 
treated with a-methyl-p-tyrosine (Sigma), NSD-1015 (Sandev) 
and pargyline (Sigma). All animals were anaesthetized with chloral 
hydrate (400 mg kg , ip.) and kept anaesthetized with additional 
injections as needed. Arrows indicate that 1.p. drug injections were 
performed 30 min after the beginning of the recordings. For each 
anımal the results were expressed as the percentage of the mean 
control value calculated by averaging the four initial absolute 
values of peak 2 height (100%), These four initial baseline respon- 
sos were estimated by comparison with DOPAC calibration curves 
obtained after the in vivo experiment: the mean average value for 
all experiments was 22+4 uM (mean tad, n™33). Results 
represent the mean +s.d. of » rate 


and the contribution of noradrenaline and its metabolites to 
peak 2 is thus negligible compared to that of DA and its 
metabolites. O-methylated metabolites of DA, such as homo- 
vanillic acid and 3-O-methyldopamine, are oxidized at more 
positive potentials™'?. dopa, DA and DOPAC are oxidized at 
+ 100 mV and consequently could contribute to peak 2 in vivo. 
They are present in the dopaminergic nerve terminals: DA is the 
neurotransmitter released from the nerve terminals, synthesized 
from dopa through dopa decarboxylase, and its major break- 
down product due to monoamine oxidase activity is DOPAC. 
To elucidate which product was the major contributor of peak 2 
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the DA system was manipulated with drugs known to act at 
different levels of the dopaminergic metabolic pathway. Inhibi- 
tion of dopa decarboxylase by NSD-1015 rapidly increases the 
striatal dopa concentration”. In our study, NSD-1015 induced a 
marked decrease of the peak 2 height (Fig. 2). Consequently, it is 
unlikely that dopa is responsible for the peak 2 recorded in vivo. 
Pargyline, which inhibits monoamine oxydase, is known to cause 
a rapid decrease in DOPAC’*’ and an increase in DA concen- 
tration ’° in the striatum. Pargyline suppressed peak 2 with a half 
life of ~15 min, in agreement with previous observations 
and this supports the notion that DOPAC is the major contri- 
butor to peak 2. 

This suggestion was confirmed by the results obtained with 
other drugs. In fact, reserpine and haloperidol, which are known 
to raise striatal DOPAC levels’*'*"*"*, induced a pronounced 
increase in the peak 2 amplitude (Fig. 3). Amphetamine, which 
markedly increases DA release’° and decreases the striatal 
DOPAC concentration’***, caused a diminution in peak 2 
height. The effects of these three drugs were tested again in 
pargyline (75 mg kg‘, intraperitoneally (i.p.)) pretreated rats 
(1.5 h before drugs). In these conditions, peak 2 disappeared 
completely and did not reappear after reserpine. After halo- 
peridol and amphetamine (five animals eech) a very small peak 2 
reappeared which reached a maximum after about 40 min. Its 
amplitude was in all cages found to correspond to an estimated 
concentration <0.2 uM DA. 

These results show that peak 2 is mainly due to DOPAC 
oxidation. For all drugs tested alone, the vanations in amplitude 
and time course of peak 2 were consistent with previous studies 
of DOPAC concentrations measured using fluorimetric or 
radioenzymatic methods'**. In our study the concentration of 
DOPAC in the striatum was calculated by comparing peak 2 
heights in vivo and in vitro, and was estimated to be 22+4 uM 
(mean +8.d:, n =33). This value is compatible with a global 
striatal tissue concentration of DOPAC under chloral hydrate 
anaesthesia of 7—15 uM refs 10,.14, 18). 

A very slight contribution of DA to peek 2 was observed only 
after amphetamine or haloperidol. The very low DA levels thus 
measured are consistent with values found using the push-pull 
technique’. In the light of these observetions and considering 
the size of the active part of the electrode, it can be assumed that 
events are recorded in the extracellular space occupying about 
20% of the total tissue”. The presence in the striatum of a 
potent DA inactivating process acting through high affinity 
uptake by nerve terminals*’ prevents CA diffusing from the 
synaptic cleft to the extracellular space. thus contributing to 
maintaining in this space very low DA concentrations. This 
questions the interpretation of our previous results, suggesting 
that DA was responsible for the increase in the oxidation current 
measured in the striatum after amphetamine’. However, these 
experiments were performed using a non-selective technique 
(pulse amperometry and untreated carbon fibre electrodes). In 
the present study the decrease in peak 2 amplitude observed 
after amphetamine treat was always associated with a significant 
ris¢ in peak 1 height, although important differences in the 
amplitude of this peak were observed. 
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Fig. 3 Effect of reserpine (Serpasil, 
Ciba-Geigy), amphetamine (La 
Cooperation Pharmaceutigque Fran- 
. çaise) and haloperidol (Haldol, Le 
Brun) on peak 2 height measured on 
DP voltammograms recorded from 
the neostriatum of anaesthetized 
rats. 
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The electrochemical treatment used in this study improves the 
selectivity, sensitivity and reproducibility of the carbon fibre 
electrode. In conclusion, the present investigation clearly 
demonstrates that the catechol oxidation current peak obtained 
in vivo from the striatum of anaesthetized rats is DOPAC and 
not DA. 
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Regulation of blood glucose levels by the liver is primarily 
achieved by the action of two peptide hormones, insulin and 
glucagon, which bind to specific receptors associated with the 
hepatocyte plasma membrane. Whilst the molecular action of 
glucagon at the level of the cell plasma membrane in activating 
adenylate cyclase is relatively well understood, we know little, if 
anything, of the molecular consequences of insulin occupying its 
receptor. We demonstrate here that insulin, at physiologically 
relevant concentrations, can trigger the cyclic AMP-dependent 
activation and phosphorylation of a low K,, cyclic AMP phos- 
phodiesterase attached to the liver plasma membrane. Such an 
effect may in part explain the ability of insulin to inhibit the 
increase in cellular cyclic AMP content that glucagon alone 
produces by activation of adenylate cyclase. Our observation 
that basal, intracellular cyclic AMP levels are insufficient to 
allow insulin to activate the cyclic AMP phosphodiesterase, yet 
those cyclic AMP levels achieved after exposure of the cells to 
glucagon are sufficient, gives a molecular rationale to Butcher 
and Sutherland’s proposal’ that it is necessary to first elevate 
cellular cyclic AMP levels before they can be depressed by 
insulin. 

The cyclic AMP phdsphodiesterase activity of rat liver plasma 
membranes can be divided into a high K,, intrinsic enzyme 
exhibiting normal Michaelis kinetics and a low K,, peripheral 
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enzyme exhibiting apparent negative cooperativity’. The low 
K» enzyme is distinct from cytosol forms’ and binds with high 
affinity to a protein site on the plasma membrane (R.J.M. and 
M.D.H., unpublished observations). 

Treatment of purified rat liver plasma membranes with 
combinations of insulin, cyclic AMP and Mg**-ATP, in the 
conditions described in Fig. 1, resulted in a doubling of the cyclic 
AMP phosphodiesterase activity only when all three 
components were added and when native insulin was used. The 
activation attained maxima! levels within 3 min (Fig. 1A) and 
was not reversed by washing the membranes with 1 mM 
KHCO,, pH 7.4. The activation was entirely due to the 
peripheral, low K,, enzyme which could be released by high 
ionic strength treatment’ in a 2.5-fold activated state when 
assayed at 4x107 M cyclic AMP (Fig. 1B). Relative to the 
native enzyme’, the released, activated protein exhibited a 
slightly lower Km O.59uM, and similar Vina, 1,140 
pmol min mg™', but there was a significant reduction (P< 
0.01) in the Hill coefficient from 0.59 + 0.05 (s.d., n = 4) for the 
native enzyme’ to 0.45 +0.03 (s.d., n = 4) after activation. 

Dose-response curves for the insulin-mediated activation of 
the cyclic AMP phosphodiesterase yielded a K, of 1.4 x 107'°M 
(Fig. 2), demonstrating the effectiveness of physiological 
concentrations. Interestingly, the cyclic AMP dependence of 
this phenomenon, exhibiting a K, of 1.6x10 "M, indicates 
that, at basal intracellular cyclic AMP levels of 0.3-0.5 pM (refs 
3, 4), little if any activation would be triggered by insulin (Fig. 2). 
However, after exposure to glucagon, cyclic AMP levels rise to 
2.0-4 uM (refs 1,5) which would allow activation by insulin 
(Fig. 2). 

The dependence of insulin’s activation of the cyclic AMP 
phosphodiesterase on both Mg**-ATP and cyclic AMP 
indicated that a cyclic AMP-dependent phosphorylation might 
be involved. Because cyclic AMP-dependent protein kinases 
may be blocked by a specific inhibitor protein acting at the cyclic 
AMP regulatory subunit®, we added such an inhibitor protein to 
the system and found that it prevented the activation of the 
cyclic AMP phosphodiesterase in a dose-dependent fashion 
(Fig. 1). Furthermore, polyacrylamide gel electrophoresis 
(PAGE) of the peripheral proteins of the liver plasma 
membrane after treatment with insulin, cyclic AMP and **P- 
ATP yielded three distinct peaks of radioactivity (Fig. 3). The 
major peak clearly migrated with the peripheral cyclic AMP 
phosphodiesterase activity. No *P from **P-ATP was 
incorporated into these peaks when (1) either or both cyclic 
AMP and insulin were absent, or (2) when a concentration of 
cyclic AMP protein kinase inhibitor protein just sufficient to 
prevent activation of the cyclic AMP phosphodiesterase was 
also present (Fig. 3). SDS-PAGE of the peripheral proteins 
obtained from liver plasma membranes pretreated with *’P- 
ATP, insulin (10° M) and cyclic AMP (10°° Mì resolved three 
peaks of radioactivity. The major one, which is presumably the 
cyclic AMP phosphodiesterase, migrated with an apparent 
molecular weight of 52,000. From the estimates of molecular 
size of the enzyme in non-denaturing conditions’, this would 
imply that it is a monomeric species. The two minor bands 
migrated with apparent molecular weights of 28,000 and 
14,000. The dose-response curves for incorporation of *2P into 
this major peak are given in Fig. 2a, 6, where they demonstrate 
K.'s for insulin and cyclic AMP which are identical to those 
exhibited for the activation of the phosphodiesterase by these 
ligands. Indeed, a Ka of ~10°'° M for insulin’s action is reflected 
in a similar affinity of insulin for specific binding to its 
receptor”, 

It is generally accepted and confirmed here (Fig. 1) that insulin 
alone does not activate the liver plasma membrane cyclic AMP 
phosphodiesterase of membrane fragments” ' although there is 
consistent evidence that such an activation can occur in intact 
adipocytes® and, in some instances, in intact hepatocytes’. Our 
novel observation is that for insulin to achieve such an activation 
then cyclic AMP and Mg’*-ATP must both be present at 
appropriate concentrations. This may explain insulin’s 
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Fig. 1 A, Insulin requires ATP and cyclic AMP to stimulate the peripheral plasma membrane cyclic AMP phosphodiesterase activity. Purified rat liver plasma 
membranes?" (500 pg protein ml~') were incubated for 5 min at 30 °C in a cocktail with final concentrations of 5 mM MeCl,, 100 uM CaCl, 20 mM Tris HC), pH 7.4, ata 
final volume of 250 yl. Various additions to the cocktail were made at the final concentrations stated and at a final pH 7.4. a, No additions; b, 3x 107° M ATP, c, 107° M 
insulin; d, 107° M insulin; e, 107? M cyclic AMP; f, 1074M cyclic AMP; g, 3x10°>M ATP+10°°M insulin; h, 3x 10°°M ATP+10 4M cyclic AMP: i, 10°°M 
insulin + 1074 M cyclic AMP; j, 107° M insulin + 1074 M cyclic AMP + 3 x 1077M ATP: k, 107° M insulin + 4 x 107° M cyclic AMP +3 x 107° M ATP; j, as in j but using 
insulin denatured as described in ref. 13; m-q, as j, but a cyclic AMP-dependent protein kinase inhibitor, prepared as described in ref. 22, was added at final concentrations 
of m, 0.2 pg mio; n, 0.4 pg mi; 0, 1.0 pg ml’; p, 1.0 pg mi '; q, 4.0 wg ml”. After this incubation the mixture was rapidly cooled on ice and then washed three times with 
1 ml ice-cold 1 mM KHCO,, pH 7.4, by repeated centrifugation at 14,000g for 10 min at 4 °C with subsequent resuspension. Aliquots 40 pg protein) of intact plasma 
membranes were then assayed for cyclic AMP phosphodiesterase activity as described previously’ using 4 x 10°’ M cyclic AMP as substrate. Routinely, a modified two-step 
radioassay based on that described by Thompson and Appleman?’ was used as we could demonstrate negligible adenosine deaminase activity contaminating our 
preparations’, although similar results were obtained using the method of Rutten er al.24, Corrections were made for adenosine bound to the resin”. The activity of the 
intrinsic enzyme was identical for both r (native) and t (treated), whereas that of the native peripheral enzyme (s) was increased 2.5-foid in the treated case (u). Separation of 
the peripheral and integral enzymes was carried out as in ref. 2. Similar results were obtained using plasma membrane derived from hepatecytes as isolated in ref. 2. Errors 
are +s.d., n = 6 using six different plasma membrane preparations. B, Time course of the insulin-triggered, cyclic AMP-dependent activation of liver plasma membrane 
cyclic AMP phosphodiesterase. Liver plasma membranes were incubated in the cocktail described in legend to A either @, with 167° M insulin +4 = 10°° M cyclic 
AMP+3x 107? M ATP, or O, without such additions. Reactions were terminated as described in A and samples taken for assay of cyclic AMP phosphodiesterase at 
4x 1077 M cyclic AMP. Errors are +s.d. for three membrane preparations {n = 3). The initial activity of the cyclic AMP phosphodiesterase was 45 pmo! min”! mg” in the 
assay conditions used. The control enzyme was unaffected by incubation in this cocktail over a period of 40min. 
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Fig. 2 Dose-response curves for the activation of the peripheral plasma 
membrane cyclic AMP phosphodiesterase. Incubations, assay of cyclic AMP 
phosphodiesterase and the release and separation of the peripheral enzyme 
after exposure to the stimulating ligand were carried out as described in Fig. 
1A legend. For the assay of °’P incorporation ‘rom [y-**PJATP, the incuba- 
tion mixture contained 1 mM ATP at a specific radioactivity of 200 mC) 
mMol!™'. The incorporation of radioactivity into the major peak found by 
SDS-PAGE of the peripheral proteins (see Fig. 3 legend) is plotted as a 
function of either insulin or cyclic AMP concentration, A, Dose-response 
curve for the activation of the peripheral cyclic AMP phosphodiesterase (@) 
in the presence of saturating, 10°° M, bovine insulin. Similar results were 
obtained using 107° M insulin. The ATP concentration was 3 x 10°" M, The 
dose-response curve for the incorporation of “*P into the major peak 
obtained upon SDS-PAGE of the peripheral proteins (©) was carried out at 
an insulin concentration of 10°? M. B, Dose-response curve for the activa- 
tion of the peripheral cyclic AMP phosphodiesterase (@) in the presence of 
saturating, 10°* M, cyclic AMP. Similar results were obtained using 4 x 
107° M cyclic AMP. The ATP concentration was 3x 107° M. The dose~ 
response curve for the incorporation of YP into the major peak obtained 
upon SDS-PAGE of the peripheral proteins (©) was carried out at a cychc 
AMP concentration of 4x 107° M. Errors are +5.d., n = 6 for six different 
plasma membrane preparations. Similar dose-response curves can be 
obtained when plotting °*P incorporation into the two other major peaks 
obtained on SDS-PAGE. 
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Fig.3 Polyacrylamide gel electrophoresis of the peripheral proteins of rat 
liver plasma membranes. A, Peripheral proteins were released and subjected 
to PAGE in non-denaturing conditions with subsequent slicing of the gel as 
described in ref. 2. This figure demonstrates a typical experiment which we 
have now carried out over 10 times. Membranes were pretreated with 
various ligands in the conditions described in the Fig. 1 legend except that 
[y*P]ATP was present at a final concentration of 1 mM with a specific 
radioactivity of 200 mCi mMol™?. 100 yg of protein was loaded onto each 
gel, Gel slices were assayed for **P after incubation overnight in buffer’. 4, 
[y-*2PJATP alone; A, [y- P]ATP + 107* M cyclic AMP; O, [y-*PJATP + 
IOM insulin; @, [y- P]ATP +1074 cyclic AMP + 1076M insulin; @, 
[y?PJATP +10°4M cyclic AMP+10°° M insulin+cyclic AMP protein 
kinase inhibitor protein (4 gml'). Where [y-?PJATP+10™* cyclic 
AMP +107% M insulin were used, the eluted gel slices were also assayed for 
cyclic AMP phosphodiesterase activity”. Identical quantities of protein were 
leaded onto and extracted from each gel, making the results directly 
comparable. B, SDS-PAGE of the peripheral proteins. An identical 
experiment to that described above was set up, except that 100 ug of protein 
in 10 wl was mixed with 5 ul of a cocktail containing 6 mM EDTA, 0.75M 
sucrose, 6% SDS, 0.03% bromothymol blue at a final pH 7.4. 160mM 
dithiothreitol (5 pl) was added and the mixture incubated for 5 min at 
100°C, After cooling, 3 pl of 0.5 M iodoacetamide was added and this 
mixture incubated for 15 min at room temperature. SDS-PAGE was then 
carried out by the method of Laemmli? and gels were then sliced and 
incubated? except that 0.1% SDS was added to the buffer. This figure 
demonstrates a typical experiment. Similar results were obtained in both 
instances using 4 x 107° M cyclic AMP and 107° M insulin. 


advantage of this. Furthermore, theoretical studies imply an 
importance of a low K,, phosphodiesterase bound to the plasma 
membrane in regulating both overall and local cyclic AMP 
concentrations’. However, we should not discount the possi- 
bility that a considerable fraction of the cyclic AMP phos- 
phodiesterase activity is associated with intracellular 
membranes’ and that the rapid internalization of insulin by 
endocytosis’® may lead it to achieve a similar activation there. 
Furthermore, insulin may depress cyclic AMP levels in part by 
inhibiting adenylate cyclase in a Ca’*- and adenosine-depen- 
dent fashion’’. 

Occupancy of the insulin receptor in liver can lead to the cyclic 
AMP-dependent phosphorylation of three peripheral 
membrane proteins. One of these is a low K,, cyclic AMP 
phosphodiesterase which becomes activated. It is intriguing to 


speculate whether the other proteins are involved in Ca’* 
mobilization”:'* or in the generation of a ‘mediator’ of some of 
the other known intracellular actions of insulin'*° and to what 
extent intrinsic proteins may be affected. It would seem that, 
unlike the glucagon receptor where occupancy leads simply to 
the activation of adenylate cyclase, an occupied insulin receptor 
may affect several target proteins by initially triggering a 
membrane-bound cyclic AMP-dependent protein kinase. 
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Insulin stimulates the transport of small molecules as well as the 
synthesis of triglyceride, glycogen, DNA, RNA and protein. 
Although it is widely accepted that its differing actions are 
consequent to the binding to surface receptors, there is sugges- 
tive evidence that it may also act intracellularly. In 1975, we 
reported two well defined intracellular insulin binding sites in rat 
liver: the nucleus and the endoplasmic reticulum’. Specific 
binding sites for insulin on intact nuclei were shown by an 
immunofluorescent and autoradiographic technique, and the 
kinetics of insulin binding to isolated nuclear membranes were 
described”. Similar results have been obtained by other 
investigators, and the more recent reports on the inter- 
nalization of insulin’ give further support for an intracellular 
site of action of intact insulin or of its metabolic product. 
Investigation of the stimulatory effect of insulin on the synthesis 
of DNA and RNA in diabetic rats and isolated hepatocytes '**" 
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suggests that the stimulation of RNA synthesis precedes that of 
DNA, and is likely to be an early event in the stimulation of 
macromolecular synthesis. I report here evidence of a low 
molecular weight substance in rat liver perfused with insulin 
which can stimulate the synthesis of RNA in isolated nuclei. 
These results suggest that insulin may function by binding to the 
cell surface, initiating or enhancing endocytosis’* and entering 
the cell via a micropinocytotic route’. Once inside the cell, the 
active principle could be insulin itself, an intracellular degrada- 
tion product of insulin, or a metabolic product of insulin action. 
Fasted male rats were anaesthetized with Nembutal and their 
livers perfused with the perfusion apparatus described by 
Miller's (MRA Corporation, Clearwater, Florida). The per- 
fusions were performed for between 5 and 30 min at 37°C. The 
medium was Hank’s balanced salt solution 50 mM in HEPES 
and 3% in bovine serum albumin pH 7.5, with (107 and 
5 x 10°°M), and without insulin. The perfusate was equilibrated 
with 95% O, and 5% CO,,. Flow rates of 15-20 ml per min were 
maintained by a constant hydrostatic pressure. In these 
experimental conditions livers remain viable for 2~3 h without 
red blood cells in the perfusing medium’®. In some instances the 
O- uptake of the liver was measured. The Poz between the 
inflow and outflow was lowered from 450 to 150 mm Hg. The 
concentration of immunoreactive insulin was determined in the 
perfusion medium before the onset, and after termination of the 
perfusion. Between 40 and 50% of the insulin was lost from the 
medium which is in good agreement with other reports °. 
After the perfusion was completed, the liver was immediately 
washed with ice-cold saline, homogenized in 0.25 M sucrose 
(20 mM in Tris-HCL pH 8.0) and fractionated into three sub- 
cellular fractions, nuclear, MLP (see below) and cytosol, by 
differential centrifugation’. The mixed particulate fraction, 
MLP (mitochondrial-lysosomal-microsomal), was obtained by 
centrifugation of the nuclear supernatant at 180,000 g for 1h. 
The pellet was washed twice, suspended in 10 ml of 50 mM 
Tris-HCI buffer pH 7.8, sonicated with the MSE sonifier for 2 
min and finally centrifuged again at 180,000 g for 90 min. 
Identical results were obtained when the vesicles were disrupted 
by multiple freezing and thawing. The soluble part, MLP solu- 
ble, was carefully separated from the pellet and the pellet 
suspended in 6-7 ml of 50 mM Tris-HCI pH 7.8 (MLP 
membrane). Both the MLP soluble and cytosol in subsequent 
steps were fractionated with the use of the Amicon ultrafiltra- 
tion system. The first filtration was performed with the PM 30 
membrane filter. In several experiments the fraction containing 
cellular components below 30,000 molecular weight was further 
fractionated with the UM-2 Amicon filter. The final fractions of 
the respective experiments (molecular weights below 30,000 or 
below 1,000) were lyophilized, suspended in 1 ml of water and 
used in the nuclear RNA synthesizing system. Nuclei from 
young rats (130 g) were isolated and characterized as described 
earlier’ by the method of Blobel and Potter”. The assay condi- 
tions for RNA synthesis are described in the legend to Fig. 1. 
Figure 1 depicts the results of a typical experiment indicating 
that perfusion of rat liver with 5x107% M insulin for 10 min 
produced a factor that directly stimulated the incorporation of 
H-UMP into trichloroacetic acid insoluble material by isolated 
rat liver nuclei. The range of results obtained with different 


Table 1 Effect of a-amanitin on the stimulation of RNA synthesis by a 
factor induced in liver perfused with insulin 
aS sr eel wt ti See es Ds 


Medium 3H-UMP incorporated 
(d.p.m.) 
Basal 21,000 
+ a-amanitin 5,200 
Basal + MLP soluble 29,000 
+ a-amanitin 5,300 


cementation pps 

The assays were performed as described in the legend to Fig. 1. 
a-Amanitin concentration 0.8 ug mI~', MLP (100 ug protein) added 
where indicated. 
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Fig. 1 Effect of insulin-induced factor on RNA synthesis in 
isolated rat liver nuclei. The livers were perfused with (5 x 107° M} 
or without insulin for 10 min; fractions and nuclei were isolated as 
described in the text. The assay for RNA synthesis was performed 
at 30°C in a 2501 incubation mixture which was: ATP 400 uM, 
CTP, GTP 200 uM each, “H-UTP (NEN, 23.7 Ci mmol’) 330 
nM, MnCl, and dithiotreitol 4 mM each, (NH,4).5O, 256 mM, 
Tris-HCI 40 mM, pH 7.9. The reaction was started with the 
addition of an aliquot of the nuclear suspension corresponding to 
30-40 pg of DNA. After 5 min of incubation in a shaking water 
bath the reaction was stopped with I ml of ice-cold 10% tri- 
chloroacetic acid (TCA) and after 30 min at 0°C the precipitate was 
filtered on GF/C membrane filters, washed with 15 ml ice-cold 5% 
TCA, dried under IR lamp and counted in a scintillation counter 
with a 55% efficiency. The basal values (100% on the ordinate) 
correspond to an incorporation of 20 to 25 pmol UMP per mg 
DNA per 10 min. The amount of various fractions added was 
between 50 and 100 pg of protein as determined by the method of 
Miller?’ with bovine serum albumin (Armour) as standard, 


nuclear preparations and with fractions obtained from five 
insulin perfused and four non-insulin perfused liver prepara- 
tions was as follows: insulin: MLP soluble, 138~200%; MLP 
soluble <30,000, 142-185% ;MLP soluble <1,000 148-230% : 
cytosol <30,000, 124-200%. The corresponding values for the 
fractions from control livers (no insulin) were: 98-108% ; 95~ 
108% ; 95-120% ; 95-103 % ; and 96-110% of the basal levels. 
No stimulation was observed when intact insulin (10 ~ 107° M 
was substituted for the perfused liver fractions in incubations 
with isolated nuclei (three experiments). With the MLP 
membrane fraction, an inhibition was noticed in two experi- 
ments. Both the basal level of RNA synthesis and the degree of 
stimulation depended greatly on the nuclear preparation, an 
observation also made by other workers”. Therefore, each 
nuclear preparation before use was checked for linearity in 
incorporation of “H-UMP with time and concentration of 
nuclei. 

The results shown in Fig. 1 were all obtained in assay condi- 
tions optimal for RNA polymerase II, that is high [NH7] and in 
the absence of a-amanitin. As shown in Table 1, when a- 
amanitin was added to the incubation mixture at a very low 
concentration (0.8 ug mi), 75% of the basal activity was 
inhibited indicating that a large portion of the measured basal 
activity is due to RNA polymerase II**. All of the stimulation 
obtained by the MLP soluble fraction from the insulin perfused 
liver was completely abolished by the addition of this low 
concentration of a-amanitin. This could indicate that the stimu- 
lator specifically enhanced the synthesis of hnRNA in isolated 
nuclei**. The remaining activity is probably due to RNA poly- 
merase I since the addition of 100 ug ml~' a-amanitin did not 
affect the residual incorporation of *H-UMP into RNA”. 

In another set of experiments a dose-response effect could be 
demonstrated with fractions containing as much as 100 yg of 
protein, the latter amount not consistently exhibiting stimula- 
tion above that obtained with 50 yg. In @ few experiments, the 
livers (insulin perfused and control) were fractionated into 
separate particulate subcellular fractions: nuclei, mitochondria, 
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lysosomes, microsomes each of which was treated as described 
above for the MLP. Stimulation of RNA synthesis was observed 
with the lysosomal and to some extent with the microsomal 
fraction, but not with the mitochondrial or nulear fraction. 

These results suggest that the vacuolar apparatus of the cell is 
associated with an active principle resulting from exposure of 
the cell to insulin. The substance is of low molecular weight, 
1,000 or less, and conceivably could be a degradation product of 
insulin, Alternatively, it could be a compound chemically 
unrelated to insulin. In this regard, reports of a synthetic 
hexapeptide corresponding to the B2,... fragment of insulin 
having a stimulatory effect on glucose uptake in the hind limb of 
rats could be pertinent to these results**””. 

Turakulov et al.*° reported the partial purification of a cyto- 
plasmic regulator of Ca?” transport by mitochondria isolated 
from rat liver 45 min after an intraperitoneal injection of insulin. 
These authors define the cytoplasm as the 30,000 g supernatant 
of the homogenate which actually contains both lysosomes and 
microsomes. From their results it seems that the factor is present 
in free and bound form supporting the suggestion presented in 
this paper, that is, that the primary site of formation of the active 
principle are membrane bound vesicles. The stimulation of 
RNA synthesis observed by the cytosol does not invalidate this 
suggestion since lysosomes are very fragile organelles and easily 
disrupted even with the most careful homogenization. Insulin 
has a delayed effect on the stimulation of RNA synthesis as 
compared to its very rapid effect on transport. If the formation of 
the active principle is indeed taking place in the vacuolar 
apparatus of the cell, and if it is a degradation product of insulin, 
the delay can be explained by the time needed for the content of 
the vesicles to be released into the cytoplasm. In general it is 
considered that the lysosomal membrane is freely permeable to 
small molecules, although it was also shown that 2 hours after 
the injection of '*C-sucrose into the rat, subsequently isolated 
lysosomes contained both 'C-glucose and ‘*C-fructose’’. As 
the factor appears to be of molecular weight below 1,000 it could 
reach the cytoplasm and finally the nucleus either by diffusion 
from the secondary lysosomes or alternatively by pyranhalysis, a 
process by which material entering the cell via endocytosis can 
be released into the cytoplasm of the cell without necessarily 
being completely degraded”. 

Recently, a low-molecular weight ‘insulin mediator’, prob- 
ably a peptide, was reported to be present in insulin-treated rat 
muscle’’. It mimics the action of insulin on cyclic AMP-depen- 
dent protein kinase, phosphoprotein phosphatase” and pyru- 
vate dehydrogenase’ in a cell-free system. There are several 
similarities between the ‘mediator’ and the factor detected in the 
present study. Both appear after a short exposure of the tssue to 
insulin, are of low molecular weight and have insulin-like action 
in a subcellular system, contrasting with previous experience 
where the action of insulin could be observed only in the whole 
animal, organ, or at least in the intact cell. There have been no 
previous reports of any effect of insulin or any compound 
derived from its action on the stimulation of RNA synthesis in a 
cell-free system. This report indicates the formation of a 
compound acting directly on the genetic material. As the 
insulin-induced factor enhances the synthesis of mRNA pre- 
cursors it is possible that the factor affects the expression of 
genes known to be under the control of insulin’, 
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Chloroplasts of the unicellular flagellate eukaryote Euglena 
gracilis contain several copies of a circular 135-140-kilobase 
pair DNA‘ which codes for chloroplast-specific stable RNAs 
(16S, 238S (refs 2, 3), 5S rRNAs* and tRNAs’) and for an 
unknown number of chloroplast-specific proteins. The rRNA 
genes are located within three tandemly repeated DNA regions 
of approximately 5.6 kilobase pairs each’* and the arrangement 
of the structural genes within each repeat follows the prokary- 
otic pattern, being 5'-16S-238-58-3' (ref. 9). Total chloroplast 
tRNA hybridizes to fragments of rDNA’ and it was suggested 
that the 168-238 spacer region contains tRNA coding 
sequences as is observed in Escherichia coli'®™ and in spinach 
chloroplast’? rDNA. We have therefore analysed E. gracilis 
strain Z 168-238 spacer DNA at the nucleotide level, hoping 
this would allow identification of tRNA genes together with the 
processing sites of the respective primary transcripts. Maize 
chloroplast 16S rDNA shows strong sequence homology with E. 
coli 16S rRNA”. Sequence analysis of a total spacer in E. 
gracilis should demonstrate whether such similarities are also 
preserved in the chloroplast rDNA spacer region, or if this 
region has suffered a higher genetic drift rate. The latter is 
suggested from the 189 bases which have been sequenced from 
the 2.4-kilobase pair rDNA spacer from maize chloroplasts’*. 
Flanking sequences, coding for the 3'-terminal region of 16S 
rRNA and for the 5'-terminal region of 23S rRNA have also 
been sequenced, to compare the drift rates between the spacer 
and its adjacent structural genes. 
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Fig. 1 a, Position of the E. gracilis rDNA region and of the 
spacer-containing fragment Bglll-Hpal, soo within the cloned 
fragment BamHI-D (pEgcli)®. b, Fine mapping of fragment 
Bglll-Hpal, soo using the enzymes Haelll, Hpall and Hinfl. c, 
Fragments used for sequence analysis of the spacer region. The 
arrows represent portions of 5’-terminally labelled single frag- 
ments from which unambiguous sequences could be obtained by a 
series of overlapping gels. Nearly all positions of fragment 
Haelllz25 have been analysed from both strands. Sequences of the 
right-hand portion of fragment Bgllll-Haelllgsg could be 
confirmed by analysing part of the complementary strand of frag- 
- ment Hinfl439, which also gives the necessary overlap between 
fragments Bglll-Hpal¢s9 and Haelll,25. Positions of rRNA and 
tRNA coding sequences and of the intergenic regions A, B and C 
are indicated. (J, BamHI; V, Hpal; A, Haelll; O, Bell, @, Hpall; 
A, Hinfl. 


Figure 1 shows the protocol which was followed for mapping 
and identification of the spacer region within the restriction 
fragment BamHI-D. This fragment, which contains one of the 
‘three rDNA repeats, has previously been cloned using the 
plasmid pBR322 as vector’~ and the respective clone pEgc11 
(formerly pEgcKS11) was used for isolation of fragment 
BamH1L-D and its subfragments. Partial sequencing of several of 
the subfragments’® revealed strong homology with regions from 
E. coli" and maize chloroplast’? 16S rRNA (rDNA) and 
thereby allowed location of the 3’-terminal region of the 16S 
rRNA gene on the right-hand third of fragment Haelll..;. Since 
hybridization and fine-mapping data had indicated®”’’® that the 
spacer should not exceed 300 base pairs, the left-hand two- 
thirds of fragment Haelll..; together with the neighbouring 
portion of fragment Bgl II-HaelIlsso should comprise the entire 
spacer sequence. These fragments were therefore chosen for 
sequence analysis according to the dimethylsulphate/hydrazine 
procedure” and the necessary overlap between the two Haelll 
fragments was obtained by sequencing the left-hand portion of 
fragment Hinfl430. 

In Fig. 2 the RNA-like strand of the E. gracilis spacer DNA 
sequence is depicted alongside the respective sequences from 
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the E. coli rrnD operon. The first 63 positions comprise the 
3'-terminal region of the 16S rRNA gene, the ‘prokaryotic 
character’ of which is documented by its high degree of 
homology with the corresponding rDNA region from E. coli. 
The reported 3’-terminal oligonucleotide AACAACUCN of E. 
gracilis 16S rRNA” allows exact positioning of the 3'-terminal 
end of the structural part of this gene. The reported T, oligo- 
nucleotide UAACAAG”' which is highly conserved in pro- 
karyotic 16 S rRNA” is found at position 22-28. The non- 
conserved position 59 is of particular interest, as it partly 
changes the recognition sequence for translational initiator 
regions’”**. This suggests that E. gracifs chloroplast ribosomes 
have a slightly altered pattern of recognition for mRNA in 
comparison with E. coli whereas in maize chloroplast ribosomes 
the corresponding sequence is identical to the E. coli 16S rRNA 
3’ end”. 

A stretch of 66 nucleotides shown in the lower part of Fig. 2 
represents the 5'-terminal portion of the 238 rRNA gene as 
evidenced by its extensive homology with the 5’-terminal region 
of E. coli 23S rDNA‘'*"'. However, since the 5’-terminal oli- 
gonucleotides of E. gracilis 238 rRNA are not known, exact 
positioning of the 5’ terminus of the 23S rRNA gene is not 
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Fig.2 Nucleotide sequence of the 16S~23S intergenic spacer region and of the flanking region of the 168 and 23S rRNA genes from E. gracilis 


chloroplast DNA (top row) and from the rrnD operon of E, coli n 


. Only the sequences of the RNA-like strands are depicted. Homologous 


sequences are marked by boxing. Within the E. coli sequence the symbols A, A and J indicate single point deletions, Multiple deletions and 
insertions in respect to the E. gracilis sequence. The number a of inserted bases is indicated by /,,. Note that the £. gracilis sequence is depicted in 
the opposite orientation from that of Fig. 1. Cleavage sites for the restriction enzymes used in Fig. 1 are indicated. 
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Fig. 3 Possible secondary structure of the dimeric tRNA pre- 

cursor region as predicted from the corresponding DNA sequence 

of Fig. 2. The two tRNA cloverleaf structures are depicted without 

modifications of the bases except for the TY sequences in the 

T-arms. Bases different in the respective E. coli tRNA species 7"! 
are indicated within boxes. 


possible. The 16S-23S spacer DNA is thus represented by the 
259 base pairs confined within positions 63 and (probably) 322. 
The analogous region in the E. coli rrnD operon is considerably 
larger with 437 nucleotide positions. In E. coli the spacer region 
is known to be transcribed as a part of the single transcriptional 
unit of the rrnD operon’®. A large rRNA precursor containing 
both the 16S and 23S rRNA sequences was also observed in 
spinach?*”* and Chlamydomonas” chloroplasts. A rRNA of 
similar large size has been observed also in E. gracilis chloro- 
plasts”® and therefore it is reasonable to assume that a similar 
situation exists in this case although direct experimental evi- 
dence for transcription of the intergenic spacer is lacking. 
Screening for GTTC sequences, which are indicative for the 
GTWC sequence present in the V loop of all tRNA species”, 
and for homology with the E. coli rDNA spacer region reveals 
two tRNA genes coding for an isoleucine (AUc)- and an alanine 
(GC4)-accepting species, respectively. The tRNA primary 
structures deduced from the two tRNA genes allow folding to a 
cloverleaf model completely consistent with all other structural 
criteria of tRNAs” (see Fig. 3). The deduced cloverleaf models 
contain several compensating base changes in the stem regions 
in addition to changes in the unpaired regions, which excludes 
the possibility that the two genes are derivatives of the E. coli 
genome due to a cloning or recombinational artefact. Also, the 
two chloroplast tRNA genes lack the CCA termini found in the 
respective E. coli tRNA genes'”"’. The two tRNA genes are 
separated from each other by only six base pairs, which is 
reminiscent of the clustering of tRNA genes on the phage T4 
genome”. Within the precursor transcript, the two acceptor 
stems together with their neighbouring sequences can form a 
continuous stack of 24 base pairs (plus 2 x 5 base pairs of the two 
T-stems according to the tRNA tertiary model*!?) as drawn in 


Fig. 3. A possible hairpin structure directly preceding the 5’ end 
of the tRNA" is also depicted in Fig. 3, since its stem region 
could possibly also form an uninterrupted stack with the accep- 
tor stem (and the T-stem*'*’) of this tRNA within the precursor 
molecule. It is tempting to speculate that some of these possible 
secondary structures constitute at least part of the signal struc- 
tures necessary for proper processing of the common precursor 
chain. Alternatively, or in addition to this, recognition of the 
sequence GGUUUUG, which is common to both the tRNA 
precursors immediately beyond the 3’ ends, may act as a signal- 
ling step during the processing events. 

A comparison of the rRNA and tRNA coding sequences with 
the intergenic regions (Fig. 2) shows that the former are highly 
conserved contrary to the latter which are subject to many 
alterations, mainly by deletions but including some base substi- 
tutions. The short homologous stretches in the intergenic 
regions may have some functional significance for processing 
steps. Furthermore it is interesting that, similar to ŒE. coli 
rDNA'""', the G +C content is high in the structural and low in 
the intergenic parts. 
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Erratum 


In the letter ‘Juvenile hormone mimics the photoperiodic 
apterization of the alate gynopara of aphid, Aphis fabae’ by Jim 
Hardie, Nature 286, 602-604, line 2 of paragraph 7 should read 
‘juvenile characters in the fifth instar. After scoring these alates’ 
and line 5 of the same paragraph should read ‘juvenilization are 
the second and third instars, an observation’. 
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The rhenium—osmium 
age of the Galaxy 


LUCK, BIRCK AND ALLEGRE' have 
reported new meteoritic data on Re and 
Os which led to limits to the age of the 
Galaxy of between 13,000 and 22,400 
Myr. Here I point out how these results 
change if one uses estimates of the s- 
process contribution to '7 Os given by 
Woosley and Fowler’. 

The isotope ratio used as a galactic 
chronometer can be written 


Zeer eeen ea TTT anneren eiai 


where all values are for the meteorites at 
formation and '*’Os* is the radiogenic 
component of “*’Os. The s-process 
component is written in terms of the ratio 
of neutron capture cross-sections and a 
correction factor, f, so that 


187 Os*/18Os = (7870s /'®°Os) cea 


~ (0186/7 187)f 
Let us use from reference 1 the 
values 87Re/'*’Os = 3.20 and 
C*70s/!°°Os) or = 0.805+0.011 (20), 


and from ref. 2 the values oiss/oig7 = 


0.504+0.034 (20) (ref. 4) and 0.8<f< 


1.15. These quantities give R= 
0.096 + 0.041. Luck et al’. use a smaller 
S-process contribution, which gives R = 
0.152. 

A firm lower limit to the age of the 
Galaxy comes from assuming that all 
nucleosynthesis of Re occurred in a single 
burst at time +=0. Then the time T of 
meteorite formation (4,550 Myr ago’) is 
given by R=exp(AT)—1, where the 
decay constant A=1.62x107" yr“! 
(ref.1); the age of the Galaxy is given by 
ty > T +4,550 Myr. The value of R used 
by Luck et al. gives to > 13,300 Myr, but 
the above revised value gives a lower limit 
of 10,200 + 2,300 Myr. 

An upper limit to 7, cannot be obtained 
without a detailed model of chemical 
evolution, including gas flows’. As a 
simple example of an older model, the 
case stated by Luck et al. of ‘steady-state 
nucleosynthesis’ gave ft)= 22,400 Myr 
with their value of R, but with the above 
value it gives to = 16,100+ 5,100 Myr. 

The main points are, as forseen by 
Woosley and Fowler’, that uncertainties 
in the s-process seriously affect the Re—-Os 
chronometer, and that use of the latest 
estimate of the s-process contribution to 
"Os reduces the lower limit to the age of 
the Galaxy by about 3,000 Myr. 
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Accuracy of 
thermoluminescence dates 


WE congratulate Liritzis and Thomas’ on 
the first combined application of thermo- 
luminescence dating and magnetic 
palaeointensity determination, particu- 
larly in view of the disadvantageous 
magnetic characteristics of the kiln wall 
material used. It is a pity, however, that 
the thermoluminescence age errors in 
their Table 1 have been quoted without 
qualification, as they are liable to mislead 
archaeologists and others into expecting a 
higher accuracy from the technique than it 
can truly give. As has been learnt with 
radiocarbon dating, it is important to dis- 
tinguish between precision of measure- 
ment and absolute accuracy. Evidently the 
errors quoted in Table 1 refer to the 
former (because the errors quoted for the 
averages are substantially less than the 
errors quoted for the individual 
measurements). 

The systematic errors inherent in 
thermoluminescence dating are of a 
different type from those in radiocarbon 
but they are, nonetheless, important if 
comparison is being made with 
archaeologists’ calendar year dates. 
Whereas the major systematic errors in 
radiocarbon dates have been worldwide 
effects—initially, uncertainty about the 
value of the half life and, more recently, 
uncertainty about the calibration curve by 
which radiocarbon years are converted 
into calendar years—the systematic errors 
in thermoluminescence dating arise from 
more intimate effects such as differences 
between types of fabric measured, burial 
environments and laboratory techniques. 

It is not appropriate here to go into 
detail, but on the basis of a previous 
assessment”? and taking into account two 
additional interfering effects also noted** 
specifically in respect of quartz, it seems 
unlikely that tighter limits than +5% can 
at present be placed on the possible 
systematic error for a thermolumines- 
cence date. This is at the 67% level of 
confidence. Neglecting any contribution 
from measurement error, this 5% syste- 
matic error limit corresponds to +200 yr 
for a date at around 2000 BC, falling to 
+ 150 yr for 1000 BC. More realistically, 
we would put the best overall error limit 
that can be achieved for the average date 
on a group of contemporaneous samples, 
except in abnormally favourable circum- 
stances, at +7%, that is, +300 yr and 
+200 yr, respectively. 
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MATTERS ARISING 


Obviously it is to be hoped that research 
will lead to improvement in the accuracy 
of thermoluminescence dating. One not- 
able obstacle is the uncertainty introduced 
by possible variation in water content 
during burial; although techniques have 
been proposed®’ that eliminate this 
interference, they have not vet reached a 
better accuracy than that quoted above. 
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LIRITZIS REPLIES—I would like to 
clarify some points. First, the systematic 
errors in thermoluminescence (TL) dating 
of well-fired kilns clays are not 
pronounced (as they are in most other 
cases), due to the kiln structure; we used 
the internal part of the well-fired kiln wall 
or internal part of a fused kiln-surface 
clay. Second, the dated quartz samples (15 
kiln clays and 3 tiles) come from the same 
fabric type of the respective kiln, and all 
have been subjected to the same clima- 
tological factors, an ‘advantage’ for pre- 
cise water uptake and environmental y- 
radiation measurements. This mineral 
similarity was also found from X-ray 
fluorescence analysis of many samples 
from the same kiln, and from the TL glow 
curves. 

Third, in general, I agree that the 
systematic errors of +5% exist for TL 
dating, but in the favourable circum- 
stances of studying kiln materials they are 
much reduced. Fourth, the quoted 67% 
level of confidence will ensure improved 
accuracy for archaeologists’ estimations. 
Fifth, some estimated errors (many due to 
the operator and technique used) cance! 
themselves out. Therefore, an average 
date for many contemporaneous samples, 
in the same burial conditions and wea- 
thering as in kiln materials, does make 
sense and justifiably reduces the overall 
error. Finally, by taking the ‘permitted’ 
average error of many TL dates as an 
overall error limit of the age of a kiln, the 
final quoted TL accuracy, as estimated % 
error, of our report is valid, and the pre- 
cision obviously better. 
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Ignimbrite veneer deposits 
or pyroclastic surge deposits? 


RECENTLY, Walker and others’ applied 
the concept of aspect ratio™? to ignim- 
brites and we accept this as valid reason- 
ing. An outstanding feature of the low- 
aspect ratio Taupo and Rabual ignim- 
brites (deposits of pumiceous pyroclastic 
flows) they describe is a landscape-mant- 
ling deposit (ignimbrite veneer deposit) 
which can be traced into a more con- 
ventional topography-infilling ignimbrite 
(valley-ponded ignimbrite). According to 
Walker and others’, recognition of these 
new features requires that a reappraisal be 
made of the emplacement mechanisms 
and new diagnostic criteria be drawn up 
for recognizing pyroclastic types. We, 
however, question this statement. 

In the lesser Antilles, several pyroclas- 
tic How deposits that fill valleys have been 
traced into finer-grained, stratified and 
cross-stratified deposits which mantle the 
interfluves between valleys. These 
deposits are interpreted by us as the 
deposits of ash-cloud pyroclastic surges. 
Ash-cloud surges are outwardly expand- 
ing dilute pyroclastic flows derived from 
an underflow or pyroclastic flow sensu 
stricto*~®, The flow and surge have 
fundamentally different transport 
mechanisms. Pyroclastic flows are high- 
concentration flows that move by laminar 
and/or plug flow’*, Deposits are typically 
massive, poorly sorted and topographic- 
ally controlled. Surges are flows that are 
turbulent and deposit beds with internal 
stratification and cross-stratification*®. 
Surges are not topographically controlled 
and deposits can mantle landscape adher- 
ing to relatively steep slopes. 

Walker and others’ imply that the 
ignimbrite veneer deposit is the deposit of 
a high-concentration flow. The veneer is 
regarded by them as a ‘tail deposit’ left in 
the wake of the pyroclastic flow. From 
their description we contend that this tail 
deposit is the deposit of an ash-cloud 
surge derived from the main flow and is its 
lateral equivalent. 
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WALKER ET AL. REPLY——We accept 
without reservation the relationships 
described by Fisher and others from the 
Lesser Antilles. We have long believed in 
the concept that pyroclastic flows sensu 


stricto and pyroclastic surges have 
fundamentally different transport 
mechanisms. What is in question, 


however, is not the basic concept but the 
origin of certain rocks occurring 
specifically at Taupo and Rabaul Vol- 
canoes: the rocks which we have called 
ignimbrite veneer deposits (IVDs). 

We considered very carefully the 
possibility that our IV Ds might have been 
emplaced in the way that Fisher and 
others propose, but rejected it for the five 
reasons outlined below. 

First, apart from having a generally 
smaller content of coarse pumice, the IVD 
is identical in its grain-size characteristics 
with the valley pond ignimbrite, and has 
identical pumice density and crystal and 
lithic sizes and contents. There is no 
laboratory test that we can apply to dis- 
tinguish between the two. Moreover, the 
IVD is visibly in lateral continuity with, 
and passes gradually into, the valley pond 
ignimbrite. 

Second, the sheer scale of the [VD at 
Taupo seems to us to negate the idea that 
it could be the deposit of a surge generated 
at the vent; we think it highly unlikely that 
any pyroclastic surge is capable of moving 
radially outwards against air resistance, 
and of remaining highly turbulent long 
enough, to encompass a nearly-circular 
area measuring more than 160 km across, 
or of carrying >10'* kg of poorly sorted 
pyroclastic material held entrained in its 
gas. We note that all known far-reaching 
pyroclastic surges have originated on 
steep and high cones, and the most far- 
reaching one (Bezymianny 1956') was 
strongly directional, yet it travelled no 
further than 29 km. The Taupo IVD is not 
directional, and there is no evidence that it 
originated on a steep or high volcanic 
cone. 

Third, the scale again seems to us to 
preclude the possibility that the IVD was 
generated by a whole succession of pyro- 
clastic surges jetting forwards from the 
advancing ash-flow, which is presumably 
the mechanism that Fisher and others 
envisage. We do not deny that such jetting 
may and probably does occur, but we 
would expect the surges to carry much less 
particulate material than the parent body. 
This relationship certainly holds at Mt 
Pelée (Martinique) where one of us 
(G.P.L.W.) has worked. At Taupo, 
however, the IVD constitutes about 50% 
of the total ignimbrite volume, and at 
Rabaul as much as 75%. We note that the 
higher the proportion of ‘surge-deposited’ 
material, the more closely in effect does 
the ‘jetting surge’ concept converge on the 
single ‘vent-generated-surge’ one. 

In the ‘jetting surge’ model we would, 
moreover, expect some kind of close rela- 
tionship to exist between the thickness 
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and lateral spread of a surge deposit and 
the position of adjacent valley ponds, but 
we find no such relationship. There are 
many places where a normal thickness of 
IVD is found several kilometres laterally 
from, and often several hundred metres 
higher than, the nearest substantial valley 
pond. 

Fourth, at Taupo we have found 
ponded ignimbrite in many valleys where, 
to reach them, the parent flow must have 
crossed ridges or passes standing 
hundreds of metres higher than the 
present vent position. The most extreme 
ignimbrite pond we know is 2-3 m deep, 
contains pumice fragments up to 30 cm in 
diameter and occurs high on Tongariro 
Mountain, 45km laterally from and 
1,500 m higher than its source vent. We 
know of no way that this valley pond could 
have formed other than by the passage of a 
high-concentration pyroclastic flow right 
across the mountain. 

Fifth, undoubted pyroclastic surge 
deposits differ notably in grain size and 
constitution from ignimbrite. The deposits 
of a more or less cold (and often wet) base 
surge are generally well stratified, and the 
beds (which have a thickness commonly 
measured in millimetres or centimetres) 
associated in the same bedding set com- 
monly vary in median diameter over a 
range of 5 phi units or more. In contrast, in 
the IVD the layers (apart from certain 
pumice lenses) vary typically over a range 
of less than 1 phi, and the presence of 
carbonized vegetation indicates that they 
were hot. The deposits of a hot pyroclastic 
surge (such as the dilute component of a 
peléean nuée ardente) are totally different 
in character from ignimbrite, typically 
being very strongly enriched in the denser 
constituents (lithic fragments, crystals) 
and strongly depleted in fine dust. 

We are convinced from these relation- 
ships that our IVD is indeed the deposit 
from a high-concentration flow, a pyro- 
clastic flow sensu stricto, and cannot have 
been produced by any surge mechanism 
involving a dilute ‘ash cloud’. Clearly, 
emplacements of both the Taupo and 
Rabaul ignimbrites were quite excep- 
tionally violent events, far beyond the 
experience of civilized man, and we 
believe that there is a limit to how far their 
products can be interpreted from the 
study of such relatively minor eruptions as 
the 1902 nuée ardente of Mt Pelée. 


G. P. L. WALKER 
R. F. HEMING 
Geology Department, 
University of Auckland, 
New Zealand 


C. J. N. WILSON 


Geology Department, 
Imperial College, 
London SW7 2AZ, UK 
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Mother science and prodigal sons: 
a history of haematology 


IN THE discharge of editorial duties one 
day, I received a critique that included the 
phrase ‘“‘This monograph fills a much 
needed gap’’. That addled expression came 
to mind when I contemplated this 
handsome new book by Maxwell M. 
Wintrobe and a well chosen gallery of 
distinguished haematologists. There was 
indeed a gap —- much needed if it inspired 
this book — in the literature of scientific 
history. That gap, more like a chasm, 
concerned haematology, a discipline that 
richly deserves to have its story told. 

The field of haematology has several 
notable properties. Because blood has 
always fired the human imagination, it 
long interested philosophers and poets who 
contributed some of our earliest notions of 
it. By drawing the book’s title from the 
emotional imagery of John Donne, 
Wintrobe reminds us of that fact. Because 
blood is readily available, it was also an 
early object of scientific investigation, 
yielding many important basic discoveries 
in which haematologists have taken a proper 
pride. Some were of such magnitude they 
significantly advanced whole branches of 
science. There can be no doubt, for 
example, that the discoveries of liver 
therapy for pernicious anaemia by Minot 
and Murphy in 1925 and of intrinsic factor 
by Castle in 1929 turned haematology from 
a musty descriptive discipline, dominated 
by blood cell morphology, into a dynamic 
science rooted in physiology and bio- 
chemistry. These advances launched the 
whole field of modern, clinical investi- 
gation. For another example, the discovery 
that sickle cell anaemia is a ‘molecular 
disease’ opened an important new chapter 
in molecular biology. 

These successes had interesting 
consequences for the mother science, 
which soon spawned a cluster of sub- 
disciplines. Like prodigal sons, they 
achieved their own bountiful successes and 
left home. Those who would define haema- 
tology as the science of blood saw the. 
perimeter breached again and again, as 
such subdivisions as oncohaematology, 
immunohaematology and haemostasis 
acquired their own journals, national 
societies, sections at the National Institutes 
of Health and other perquisites. This dis- 
concerting situation is burdensome for all 


William S. Beck 


Blood, Pure and Eloquent: A Story of 
Discovery, of People, and of Ideas. Edited 
by M. M. Wintrobe. Pp.771. (McGraw- 
Hill: 1980.) $30, £18.50. 


who teach haematology to medical 
students, who must take certifying 
examinations in medicine or pathology, 
who plan and fund research programmes, 
and who apply these disciplines in the care 
of patients. Still, though it has been 
something of a nightmare for intellectual 
taxonomists, haematology has been a 
raging success scientifically. Its opulent 
history is dealt with adequately for the first 
time in this volume. It is a grand home- 
coming. 

Wintrobe, a widely respected academic 
haematologist, has collected a series of 
articles on the several haematological 
subdivisions -by recognized authorities, 
most of whom have themselves contributed 
significantly to the historical record. The 
book begins with an essay by Wintrobe that 
spans the early beginnings, from the 
ancient roots of haematology, through the 
great age of microscopy, up to the modern 
era. Next, aninteresting chapter by Harton 
palaeohaematology summarizes what can 
be gleaned about blood in ancient times 
from contemporary studies of bones, 
bodies and ancient art — an unusual topic 
for a treatise on history. There follow 
chapters on the bone marrow by Tavassoli, 
stem celis by Lajtha, the spleen by Crosby, 
red cell metabolism by Beutler, iron and 
haem by London, haemolysis by Dacie, 
effects of altitude on blood by Erslev, the 
conquest of pernicious anaemia by Castle, 
sickle cell anaemia by Conley, the 
molecular basis of thalassaemia by 
Weatherall, phagocytosis and granulocytes 
by Craddock, lymphocytes by Ford, leu- 
kaemia and lymphoma by Gunz, platelets 
by Spaect, plasma proteins by Janeway, 
haemostasis by Ratnoff, and blood trans- 
fusion and blood groups by Diamond. Ina 
rather brief final chapter, Wintrobe draws 
the lessons of history. 

Certain of the book’s features merit 
commendation. It has a lively literary style 
and a gratifying uniformity of content, 


level and accent. Even so, some of the 
authors’ personalities manage to shine 
through discreetly. Wintrobe wisely chose 
to steer between the extremes of reader- 
ship. It should readily appeal to intelligent 
readers who may lack a rigorous scientific 
background but who are willing to make 
use of the book’s convenient glossary. One 
hopes these will include legislators and 
other public officials. Yet it is detailed 
enough to be read profitably by haemato- 
logists and serious students. Indeed I can 
attest that in a recent course medical 
students found some of the essays a better 
guide to complex topics than conventional 
textbooks. This level adjustment is more 
successful in some parts than in others, but 
on the whole it has been well done. 

Why write a history of haematology — 
or of any branch of science? Philosophers 
have long debated the purposes of 
historical scholarship. Is it the historian’s 
purpose to be ‘descriptive’, to recount past 
events for their own sake or for the sake of 
making a credit-allocating record, or is it 
his purpose to be ‘theoretical’, to interpret, 
to generalize and to seek wisdom that might 
solve contemporary problems? Or is it 
simply to interest and amuse? 

My only criticism of this attractive book 
— 80 lovingly compiled with its fine 
portraits and useful bibliographies — 
stems from private notions on historical 
writing. Most of the historian’s purposes 
are Meritorious, but it is possible to pursue 
them in different ways. One can recount 
what happened — the dates, names and 
facts — or one can tell what really 
happened in a sort of cinéma verité style of 
reportage that conveys the important and 
fascinating details, never given in ordinary 
literature, behind the development of 
scientific ideas — the accidents, 
personalities, conflicts and inspirations 
that underlie every major discovery. In my 
opinion, writing in the latter mode is far 
more likely to achieve any of the possible 
purposes of a historian. I am especially 
unpressed by. several recent books that 
reached new levels of candour in the 
reporting of incidents, personal charac- 
teristics and idiosyncracies — books that 
seemed to tell it as it was. It ıs a much to be 
admired trend in the writing of scientific 
history. Alas, that trend is not greatly 
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extended by this volume, Which has: a some- 
what conservative tone. l 

The book’s essayists are leaders who 
have contributed importantly to their own 
specialties. The editor tells us he chose 
them for that reason. But the essays are 
filed with the works of others and barren 
of the kind of information that one might 
relish from an important actor on the stage 
of history, the kind of information that 
only he possesses. In a felicitous chapter on 





Georges Hayem {1841-1935}, one of the 
‘fathers of haematology’. 


‘blood and mountains” Erslev refers to 
his discovery of erythropoietin in one 
sentence in the third person. Why did he do 
this experiment? How did he do it? There is 
no one better qualified to tell us than Erslev 
himself. Beutler deserves praise for having 
interviewed several major figures in pre- 
paring his chapter but he omits to explain 
how his own work on glucose-6-phosphate 
dehydrogenase deficiency anticipated what 
is now called the Lyon hypothesis. London 
tells us a bit about the Schoenheimer school 
at Columbia but not enough about his own 
perceptions of it. Castle speaks inte- 
restingly of Minot’s personality and ante- 
cedents but is a shadowy figure in his third 
person references to himself, Spaet does 
not mention his own work. Such modesty! 

Of course, this is probably not fair com- 
ment because if suggests that the editor and 
authors should have written a different 
book. In fact, this book is splendid and 
highly recommended. My only quibble is 
that ample room exists for more effort in 
this area. We all should hope that 
Professor Wintrobe continues to explore 
the many trails he has blazed with this 
welcome work. s 





William S. Beck is ela of Medicine at 
Harvard Medical School and Director of the 
Hematology Research Laboratory of the 
Massachusetts General Hospital, Boston. 
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Holograph y and Coherent Optics, By 
L.M. Soroko. Pp.818. (Plenum: 1980.) 
$59.50, £37.49. 
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THE decision to publish this translation, of 
a Russian text which first appeared in 1971, 
is most astonishing. At that date it was 
remarkably up to date, but holography is 
surely one branch of applied physics that 
has progressed out of all recognition during 
the 1970s. Further, the book lacks the merit 
of bringing early Russian work in this field 
to the attention of Western eyes, for there 
are no references at all. To cap this, it has 
the defect common to many Russian 
scientific texts: there is no index. 

The book opens with some general ideas 
about holography, after which three 
chapters deal with various transforms of 


More of the 
Amboseli baboons 
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Baboon Mothers and Infants. By Jeanne 
Altmann. Pp. 242. (Harvard University 
Press: 1980.) $17.20, £10.50. 
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Ever since the publication of Baboon 
Ecology by S.A. Altmann and J. Altmann 
(University of Chicago Press: 1970), 
primatologists have been waiting for 
further information on the social 
behaviour of the Amboseli baboons. 
Baboon Ecology set a new standard for 
primate ecological studies and Jeanne 
Altmann’s Baboon Mothers and Infants 
will have equal influence on research into 
social relationships. This is no ordinary 
report of mother—infant behaviour and 
those most familiar with laboratory studies 
will find its scope unusual. Altmann 
summarizes her aims as follows: *‘ .. . to 
assess the nature and extent of external 
influences on baboon mothers and their 
young infants. My general goal was to 
identify and measure factors affecting 
survival and behavior during motherhood 
and infancy, and to identify likely onto- 
genetic origins of differences in adult 
behaviour and life history patterns’’. The 
book therefore represents one of the first 
serious attempts to portray the total be- 
havioural and ecological relationships 
among mothers, infants and the social 
group of which they form such a 
fundamental part. 

It starts with an introduction to baboons 
and their habitat, and a short but 
important section on demography. During 
the first two years of life there was a per 
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particular importance in optics, random 
signals and optical coherence. A chapter is 
then devoted to information theory in 
optics, followed by one on holography. 
The Russian text then concluded with a 
discussion of optical information 
processing, but for the English edition, the 
‘translation editor’, G.W. Stroke, has 
included three of his own publications. 
Each topic is dealt with at some length, but 
for almost every subject much progress has 
been made since the book was written. In 
short, there really was not much point in 
translating this text, for in so fast-moving a 
subject students and research workers of 
the 1980s will need more recent 
information than that collected here. 
Access to a set of Professor Wolf’s annual 
Progress in Optics (North-Holland) wouid 
be a great deal more useful. = g 


P.W. Hawkes is Maitre de Recherches at the 
Laboratoire d’Optique Efecironique du CNRS, 
Toulouse, France. - 


annum mortality of 0.3. Several infants 
were ill, wounded or suffering from 
possible nutritional deficiencies or poor 
mothering, and the author uses such cases 
when considering the costs and benefits of 
different sorts of behaviour. Mothers with 
young are themselves vulnerable, and older 
females with dependent young were found 
to be particularly at risk of dying when 
compared with younger females or those in 
other stages of the reproductive cycle. The 
effects of infants on their mothers’ feeding 
patterns and time budgets are described 
and formalized in a theoretical model. It 
seems that if a mother had to provide all her 
infant’s nutrition, severe time-budget 
problems would occur with infants more 
than 6-8 months old, even at slow rates of 
infant growth. A mother simply cannot 
gather enough food to maintain her body 
weight and to feed her infant; weaning is 
consequently forced upon the pair. Later 
sections of the book deal more directly with 
behavioural topics such as maternal care, 
infant development, spatial relationships, 
weaning and independence, and with howa 
mother’s social relationships are affected 
by her infant’s age. 

The study group has been under observa- 
tion since 1971 and a great deal of 
background information is available. The 
quantitative results on mothers and infants 
in the present study are drawn from [5 
months of field work and 18 infants. Sound 
quantitative methods are used to provide 
an extremely detailed picture of the infants 
and their mothers. The major strength of 
this book lies in the detailed analyses 
attempted; but this is paradoxically also its 
main weakness, since it may make much of 
the book of little interest, except to the 
specialist prepared to wade through all the 
intimate details. The necessity of referring 
to individuals is a problem faced by all who 
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deal in complex social relationships and yet 
who, except the author and her co- 
workers, can find it easy to follow a text 
studded with names which need constant 
back-reference to determine age, social 
rank and sometimes even sex? Such 
diversions are distracting but it is merely 
the presentation which is at fault — the 
philosophy of looking at individuals in 
detail is sound. No proper understanding 
of primate social behaviour and its 
evolution will be developed unless we have 
robust information on individual dif- 
ferences: on this count the book makes an 
important contribution. Although the 
sample of 18 infants may sound small it is 
in fact large by field (and even some 
laboratory) standards. 

One of the major challenges of 
primatology is to see through the tangle of 
individual differences to reveal valid 
generalizations and thereby derive an 
understanding of the basic principles 
governing individual behaviour. As 
students of human personality will no 
doubt point out, this is not a straight- 
forward task. Altmann searches for such 
generalizations wherever her sample size 
permits, and finds, for example, some 
interest g relationships between a 
mother’s rank and her interaction with her 
infant and other group members. As would 
have been expected, low-ranking mothers 
gave more distress responses (submissive 
behaviour patterns) during social inter- 
actions and their infants were particularly 
prone to being interfered with by other 
members of the group. Mothers of 
different social rank also tended to show 
different styles of mothering: high rankers 
tended to be ‘laissez-faire’ mothers 
(mothers tolerating separation from their 
infants); low rankers tended to be 
‘restrictive’ mothers (mothers maintaining 
close contact with their infants). These 
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Jeanne Altmann’s ‘Alto’s Group’ of baboons, resting and grooming in 


Amboseli National Park, Kenya. 


differences in mothering appear to have 
consequences for infant maturation — 
infants of /aissez-faire mothers became 
independent more rapidly. However it is 
much easier to describe such behavioural 
differences than to assess the costs and 
benefits (in terms of genetic fitness) with 
which the individual differences in be- 
haviour are associated. The author 
recognizes this when considering the costs 
and benefits of mothering styles. Both 
forms have advantages and disadvantages 
but it is concluded that the styles adopted 
by mothers of different rank are adaptive 
because of the contrasting social pressures 
to which they are subjected by other group 
members. Arguments like this can only be 
speculative; they will become more 
convincing when larger samples of data are 
available. 

The whole book is firmly based in 
modern evolutionary theory and those 
familiar with the parent-offspring conflict 
models of R. Trivers will find considerable 
interest in Altmann’s analysis of weaning 


and independence. It has been proposed 
that the behavioural conflict during 
weaning between a mother and her infant is 
a reflection of an underlying conflict of 
interest — the infant attempting to secure 
more maternal care than the mother has _ 
been selected to provide. With her 
extensive field data behind her, Altmann 
helps to shift this argument from a 
theoretical to a practical plane and 
concludes that ‘‘parent—offspring genetic 
conflict of interest may arise infrequently 
as a relevant variable in many real-life 
Situations’’. 

In conclusion this book offers much to 
all those interested in social behaviour. Its 
holistic approach is attractive since it 
clearly acknowledges the undeniable com- 
plexity of primate social relationships but it 
does, however, leave one anxious for the 
day when sample sizes will be larger and 
selection pressures better understood. 
vp 


John M. Deag is a Lecturer in Zoology at The 
University of Edinburgh. 
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Magnetic resonance 
for biochemists and 
biophysicists 


Karl-Erik Falk 
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ESR and NMR of Paramagnetic Species in 
Biological and Related Systems. Edited by 
I. Bertini and R.S. Drago. Pp.434. 
(Reidel: 1980.) Df1.95, $50. 
OAS ER e i 
THIS volume comprises the Papers given at 
a NATO Advanced Study Institute 
meeting held in June 1979, the subject of 
which was the magnetic resonance of 
paramagnetic species of biological 
importance. Twenty-four expert authors 
have contributed chapters covering various 
aspects of this large and important area of 
research. 

The first part of the book is devoted to 
NMR and to the effects of Pparamagnetism 


on the NMR parameters, with chapters on 
the basic theory of relaxation and pulse 
techniques, paramagnetic effects in NMR, 
and a number of short reviews of current 
research. The applications for obtaining 
structural and dynamic information on 
various paramagnetic biological systems, 
ranging from purified small proteins to cell 
Suspensions, are also discussed. The 
section on ESR contains a thorough 
consideration of theoretical aspects, 
focused on the 3d metal ions, followed 
by a discussion of the various classes of 
metalloproteins and, especially, the role of 
the metal ions. Throughout the book 
emphasis is put on the coupling between 
the unpaired electron and the nucleus, and 
about half of the volume deals with the 
complex effects of this interaction. 

As a whole, the book is well balanced. 
NMR and ESR are given equal 
prominence, with theoretical descriptions, 
educational examples and reviews of 
current research results. Several of the 


chapters contain useful tables concerning, 
for example, the interpretation and 
description of the abbreviations used in 
multipulse NMR, and the network of 
equations and assumptions that form the 
basis for understanding paramagnetic 
relaxation. The discussion of the various 
metalloproteins clearly reveals the 
importance and applicability of magnetic 
resonance techniques in unravelling the 
biological role of the metal ions. 

The collected writings are generally 
interesting and well prepared, although 
there is some duplication of material, 
perhaps inevitable in a multiauthor 
publication. Overall, then, a good book 
which will be of value to biochemists and 
biophysicists with an interest in the 
biological application of magnetic 
resonance. 

SS a ee: 
Karl-Erik Falk is Doceng in Biophysics at the 
Department of Biochemistry and Biophysics, 


Chalmers Institute of Technology and 
University of Gothenburg, Gothenburg. 
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ISBN 0-306-40385-4. (Plenum: 1980.) £27.50. 

HELD, A. fed.) General Relativity and Gravitation, One Hundred Years After the Birth of 
Albert Einstein. Volume 1, Pp.xix + 598. ISBN 0-306-40265-3. (v.1.) (Plenum: i980.) $49.75. 

HELD, A. ted.) General Relativity and Gravitation. One Hundred Years After the Birth of 
Albert Einstein. Volume 2. Pp.xviii + 540. ISBN 0-306-40266-1 (v.2.) {Plenum 1980.) $49.75. 

HOHLER, G. ted} Springer Tracts in Modern Physics Vol.87. Point Defects in Metals 
Dynamical Properties and Diffusion Controlled Reactions. Pp.x + 262. ISBN 3.§40-09623-X. 
(Springer-Verlag, 1980.) DM 72 approx. US $40.40, 

JALURIA, Y. Natural Convection: Heat and Mass Transfer. The Science and Applications of 
Heat and Mass Transfer Volume $. Pp.x + 326. ISBN 0-08-02$432-2. (Pergamon Press, Oxford 
and New York, 1980.) £22.40, $51.00. 

McCALL, LL. and FRENCH, P.M. fed.) Metallography as a Quality Control Tool. 
Pp.ciii+ 337. ISBN 0-306-40423-0. (Plenum: 1980.) $39.50. 

MARIS, H.J. fed.) Photon Scattering in Condensed Matter. Proceedings of the Third 
international Conference on Photon Scattering in Condensed Matter, held at Brown University. 
Providence, Rhode Island, August, 1979. Pp. xix + 481, ISBN 0-306-40353-2, (Plenum 1980.) 
$52.50. 

RYBICKI, G.B. and LIGHTMAN, A.P. Radiative Processes in Astrophysics. A Wiley- 
Interscience Publication. Pp.xv +382. ISBN 0-471-04815-1. (John Wiley and Sons 1980.) £19.00. 

ANDRE, J.M. (eds) Recent Advances in Quantum Theory of Polymers: Proceedings, Namur, 
1979. Lecture Notes in Physics: Series Editors Ehlers et af. 113. Pp.306. ISBN 3-540-09731-7. 
(Springer: Berlin, Heidelberg and New York, 1980.) DM 37.60; US $22.20. 

BECKER, P. (ed) Electron and Magnetization Densities in Molecules and Crystals. NATO 
Advanced Study Institutes Series. Sertes B. Physics. Pp.904. ISBN 0-396-40300-5 (Plenum: New 
York and Oxford, 1980.) $75.00. 

COWSIK, R. and WILLS R.D. (eds) Non-Solar Gamma Rays. Pp.276. [SBN 0-08-024440-8 
(Pergamon: Oxford and New York, 1980.) £22.00, $580.00. 

DASH, J.G. and RUVAL.DS, J. (eds) Phase Transitions in Surface Films: Nato Advanced 
Study Institutes Series Physics 8. Pp.367. ISBN 0-306-40348-X. (Plenum: New York, 1980.) 
$42.00. 

DAY, H. The Hidden Power of Vibrations. Pp.208. {SBN 0-7221-28347. (Sphere: London, 
1980.) £1.10. Pbk. 

DYNKIN, E.B. and YUSHKEVICH, A.A. Controlled Markov Processes. Pp.289. ISBN 
4.540-90387-9, (Springer: Bertin, Heidelberg and New York, 1980.) DM 79.50, US $46.90. 

FOWLER, R.H. Statistical Mechanics: The Theory of the Properties of Matter in Equilibrium. 
PP R64, ISBN 0-521-08377-5. (Cambridge University Press: Cambridge, 1980.) £12.50. 

FRANCOIS, H, et al (eds) Solid State Nuclear Track Detectors. Pp. 1090. ISBN 0-08-025029-7. 
(Pergamon: Oxford and New York, 1980.) £90.00, $203.00. 

GRAY, D.E. and LINSKY, LL. (eds) Lecture Notes in Physics: Stellar Turbulence 114. 
Pp.306. ISBN 1-340-09737-6. (Springer: Berlin, Heidelberg and New York, 1980.5 

HANSSON, C.B. Prepare for Science. An introduction to Physical and Engineering Sciences. 
Pp.160. ISBN 0-98-024262-6. (Pergamon: Oxford and New York, 1980.) £2.00; $4.00 Pbk; 
$10.00; £5.00 Board 

KRANEENDONK, J.V. (ed) Intermolecular Spectroscopy and Dynamical Properties of 
Dense Systems: Proceedings of the International School of Physies “Enrico Fermi?’ Course 
LXXV, Varenna, haly. Pp.xii+ 473. ISBN 0-444-85 60-6, (North-Holland: Amsterdam and New 
York, 1980.) US $72.50; D@. 148.75. 

LIFSHITZ, E.M. and PITAEVSKH, L.P. Statistical Physics 3rd Edition Part 1, Course of 
Theoretical Physics Vol. 5. Pp.d44. ISBN 0-08-023038-5, $20.00; £10.00 pbk $90.00; £25.06 
Board. ` 


meamna anarian AAN 








aaen 


o ametan 


MAHANTHAPPA, K.T. and RANDA, J. (eds) Quantum Flavordynamics, Quantum 
Chromodynams and Unicsfied Thecries: Nato Advanced Study Institutes Series. Physics B. 
Pp.494, (Plenum: New York, 1980.) 0-306-40436-2. $59.50. 

POLKINGHORNE J.C. Models of High Energy Processes. Cambridge Monographs on 
Mathematical Physics. 3. Pp.131, ISBN 0-521-22369-5. (Cambridge University Press: 
Cambridge, 1980.) £11.00. 

RAETHER, H. Excitation of Plasmons and Interband Transitions by Electrons. Springer 
Tracts in Modern Physics Vol.88. Pp.196. ISBN 3-540-09677-9, (Springer: Berlin, Heidelberg and 
New York, 1980.) US $34.90; DM 59.00. 

SOROKO, L.M. Holegraphy and Coherent Optics. Pp RIR. ISBN 0-306-40101-47. (Plenum: 
New York, 1980.) $59.50. 

TAMM, LE. Fundamentals of the Theory of Electricity. Pp.672, ISBN 7147-1454-2 (MIR 
Publishers: Central Books: London, 1980.) £6.95. 

VERMA, R.K. Master Tables for Electromagnetic Depth Sounding interpretation. Pp.473. 
ISBN 0-306-45 188-2 (Plenum: New York, 1980.) $75.00. 


Chemistry 


PERRIN, D.D., AR MAREGO, W.L.F. and PERRIN, D.R., Purification of Laboratory 
Chemicals. Second Edition. Pp.x + 568. ISBN 0-08-022961-1. (Pergamon Press 1980.) £32.00, 
$72.00. 

SATCHLER, G.R. Introduction te Nuclear Reactions, Pp.316. ISBN 0-333-23907-6 
(Macmillan: London and Basingstoke, 1980.} £25.00. 

BOURDON, J. (ed), Growth and Properties of Metal Cluster. Applications to Catalysis and 
the Phototgraphic Process. Studies in Surface Science and Catalysis 4. Pp. 549, ISBN 
0-444-41877-6. (Elsevier: 1980.) $97.50, Dfl.200. 

BRATOS, S. and PICK, R. M. feds). Vibrational Spectroscopy of Molecular Liquids and 
Solids. NATO Advanced Study Institutes Series Vol. 56, Pp. 464. ISBN 0-306-40445-1 { Plenum: 
180.) $49.50. 

REINHOLD, F., HARBORNE, F. B, and SWAIN, T. (eds). Progress in Phytochemistry Vol. 
6. Pp. 204, ISBN 0-08-024946-9. (Pergamon: 1980) $70, £31. 

VARMAVLUORL, A. 271h International Congress of Pure and Applied Chemistry. Plenery and 
Invited Lectures Presented at the 27th IUPAC Congress, Helsinki, Finland, August, 1979. 
IUPAC Symposium Series. Pp. 386. ISBN 0-08-023936-6. (Pergamon: 1980.) $100, £44.50. 

BROWN, R. F., C. Pyrolytic Methods in Organic Chemistry. Organic Chemistry Vol. 41. Pp. 
347, ISBNG-12-138050-5, (Academic: 1980.) $38.50. 

COOPER, J. W. Spectroscopic Techniques for Organic Chemists. Pp. 376. ISBN 
0-47 1-05 166-7. (Wiley: 1980.) £11.50, 

DOYLE, M. P. and MUNGALL, W. S. Experimental Organic Chemistry. Pp. 490. ISBN 
0-471-03383-9. (Wiley: 1980.) £9.50. 

FITCH, R. M. fed.). Polymer Colloids IH Proceedings of the Symposium on the Physical 
Chemical Properties of Colloidial Particles, held in Miami, Florida, September, 1978. Pp. 684. 
[SBN 0-306-40330-1. (Plenum: 1986,) $69.50. 

HSIEN LIN, S. (ed). Radiationless Transitions. Pp. 425. ISBN 0-12-450650, (Academic: 
1980.) $48.50. 

JENNINGS, W. Gas Chromatography with Glass Capillary Columns. 2nd Edn. Pp. 319, ISBN 
0-12-384360-%. (Academic: 1980.) $25. 

JONES, W. H. (ed.). Catalysis in Organic Syntheses. Proceedings of the Seventh Conference on 
Catalysis in Organic Syntheses held in Chicago, June, 1978. Pp. 314. ISBN O00197-534X. 
(Academic: 1980.) $29.50. 

MceDOWELL, M. R. C. and FERENDECI, A. M. (eds). Atomic and Molecular Process in 
Controlled Thermonuclear Fusion. NATO Advanced Study institutes Series Vol. 53. Pp. 493. 
ISBN 0-306-40424-9. (Plenum: 1980.) 555, 

MANN, W. B., AYRES, R. G. and GARFINKEL, S. B. Radioactivity and Its Measurement. 
Ind Edn. Pergamon international Library. Pp. 282. Flexi ISBN 0-08-025027-0; hbk ISBN 
§-08-025028-9, (Pergamon: 1980.) Flexi $12.50, £6; hbk $26, £13. 

MARTIN, J. W. Micromechanisms in Particle-hardened Alloys. Cambridge Solid State 
Science Series. Pp. 201, Hbk ISBN 0-521-22623-6; pbk ISBN 0-521-29580-7. (Cambridge 
University Press: 1980.) Hbk £21; pbk £6.95. 

MELANDER, L. and SAUNDERS, W. H. Jr. Reaction Rates of isotopic Molecules. Pp. 331. 
ISBN 0-471-04395-6. (Wiley: 1980.) £16.30. 

RAISWELL, R. W., BRIMBLECOMBE, P., DENT, D. L. and LISS, P. S. Environmental 
Chemistry. Resource and Environmentai Sciences Series. Pp. 184. Flexi ISBN Q-7131-2790-2. 
(Edward Arnold: 1980.) £4.95. 

SCOTT, G. (ed.}. Developments in Polymer Stabilisation-2. The Developments Series. Pp. 
244. {SBN 0-85334-885-5. (Applied Science: Barking, UK, 1980.) £18. 

PeKOCK and GRAY, H.B. Chemical Structure and Bonding. Pp.xi+ 491, ISBN 
0-8053-2310-4. (The Benjamin/Cummings Publishing Company: California 94025, 1980.) 
$21.95. 

DUNITZ, LD. X-Ray Analysis and the Structure of Organic Molecules. Pp. S14. ISBN 
p.8044-1415-7. (Cornell University Press: ithaca and London, 1980.) £43.00. 

GERRARD, W. Gas Solubilities Widespread Applications. Pp xxi +497, ISBN 0-08 -025248-6. 
{Pergamon Press: Oxford and New York, 1980.) $67.50 £30.00. 

KEMP, D.S., and VBELLACCIO, F. Organic Chemistry. Pp.xiii+ 1421 ISBN O-R79O1-123-8. 
{Worth Publishers, Inc. New York, 1980.) $21.95. 

PAMPLIN, B.R, ted.) Progress in Crystal Growth and Characterization Volume 1. 
Pp.vi + 441. ISBN 0-08-026013-6. (Pergamon Press: 1980.) £43.00, 

SC ROSATI, B., and VINCENT, C.A. (eds) Solubility Data Series volume IH. Alkali Metal, 
Alkaline-Earth Metal and Ammonium Halides, Amine Solvents. Pp.xx +384. ISBN 
§-08-023917-X. (Pergamon Press: Oxford and New York, $980.3 £50.00, $100.00, 

WEISS, U. and EDWARDS. LM. The Biosynthesis of Aromatic Compounds. A Wiley: 
Interscience Publication. Pp.xili + 727. ISBN-0-47) -92690. (John Wiley & Sens: New York and 
Chichester, UK, 1980.) £18.50. 


Technology 


ESCAP National Papers for the UNCSTD. Volume 2, Volume 3 and Summary. iRegional 
Centre for Technology Transfer: Bangalore, india.) np flexi. 

LEFEBVRE., A H. {ed} Gas Turbine Combustor Design Problems. Pp.xvi +431. ISBN 
O-R9T16-177-5. (Hemisphere Publishing Corporation: Washington, 1980.) $45.00, | 

VACCA, R. Modest Technologies for a Complicated World. Pp xiy + E72. ISBN 
0-D8-024067-4, (Pergamon: 1980.) US $22.50 £10.00. . 

RYCROFT, M.J. fed.) COSPAR Space Research volume XX. Proceedings of the Open 
Meetings of the Working Groups on Physical Sctences of the Twenty-secand Plenary Meeting af 
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"AR, Bangalore, India, May, 1979. Pp.xiv + 285. ISBN 0-08-024437-8. (Pergamon: 1980.) 
“£22.20 $50.00. 
_ SALOMONSON, V.V. and BHAVSAR, P.D. (eds). The Contribution of Space Observations 
to Water Resources Management. Advances iy Space Exploration COSPAR Symposiurn Series. 
Volume 9. Pp.ix + 280. ISBN 0-08 024473-4, (Pergamon: 1980.) £26.60 $60.00, 

SIMEONS, C. Hydro-Power. The Use of Water as an Alternative Source of Energy. 
Pp.vii + $48. ISBN 0-08-023269-8. (Pergamon: 1980.) $75.00 £34.00. 

LEE, L-H, (ed.) Adhesion and Adsorption of Polymers. Polymer Science and Technology 
Vol.12B. Pp.897. ISBN 0-306-40428-1. (Plenum: New York, 1980.) $39.75. 

SMITH, H.T. and GREEN, T.R.G. (eds) Human Interaction with Computers. Pp. 369. ISBN 
0-12-652852-7. (Academic: London and New York, 1980.) £6.40; $15.00 pbk. 

McCARTHY, G. J., RHYNE, J. J. and SILBER, H. B. (eds). The Rare Earths in Modern 
Science and Technology Vol. 2. Pp. 647. ISBN0-306-40347-1. (Plenum: 1980.) $59.50. 

WILLISON, J. H. M. and ROWE, A. J. Replica Shadowing and Freeze-Etching Techniques. 
Practical Methods in Electron Microscopy Vol. 8. Pp. 300. ISBN 0-444-80165-0, (Elsevier /North- 
Holland: 1980,} Pbk $27.25, DAL 56. 








- 


Computer Science 


E Physics. Pp.296. ISBN 3-540-09622. (Springer/ Verlag: Berlin Heidelberg and New York, {980.) 
: DM 65.00; US $36.40. 


Earth Sciences 


CORLISS, W. R. (compiled by}. Unknown Earth: A Handbook of Geological Enignas. Pp. 

s 833. ISBN 0-91554-06-2. (The Sourcebook Project: Glen Arm, Maryland, 1980.) $19.98, 

vë  DOLEZALEK, H. (ed.) The Application of Atmospheric Electricity Concepts and Methods to 

other Parts of Meteorology. Technical Note No. 162. Pp. 130. Flexi ISBN 92-63-10507-3, (World 
Meteorological Organization: Geneva, 1978.) Np, 

HAYEDN, C. M., HUBERT, L. F., McCLAIN, E. P. and SEAMAN, R. S. Quantative 
Meteorological Data from Satellites. Technical Note No. 166. Pp. 102. Flexi ISBN 92-63-10531-6. 
{World Meteorological Organization: Geneva, 1979.) Np. 

.~ McBEAN, G. A. etal. The Planetary Boundary Layer. Technical Note No. 16%. Pp. 201. Flexi 
ISBN 92-63-10530-8. (World Meteorological Organization: Geneva, 1979.) Np. 

OKE, T. R. Review of Urban Climatology 1973-1976. Technical Note No. 169. Pp. 100. Flexi 

ISBN 92-63-10539-1, (World Meteorological Organization: Geneva, 1979.) Np. 

Yi, CHIA-SHUN. Stratified Flows. 2nd Edn. Pp. 418. ISBN 0-12-77 1050-7. (Academie Press: 

1980.) $29.50. 

BRUNN, J, H. Découverte des Sciences de la Terre. Pp. 279, ISBN 2-13-036378-4. (Presses 

Universitaires de France: Paris, 1980.) Np. 

CARTER, W. D., ROWAN, L. C. and HUNTINGDON, J, F, (eds). Remote Sensing and 
Mineral Exploration. Vol. 10. Advances in Space Exploration COSPAR Symposium Series. Pp. 
171. ISBN 0-08-024438-6. (Pergamon: 1980.)$32, £14.10. 

i HANWELL, J. D. Atmospheric Processes. Processes in Physical Geography Vol. 3. Pp. 96. 

Flexi ISBN 0-04-55 1032-6, (Allen & Unwin: London, 1980.) £3.50. 

|=. KENNETT, J. P. (ed). Magnetic Stratigraphy of Sediments. Benchmark Papers in 

Geology/$4, Pp. 438. ISBN 0-87933-354-5. (Academic: 1980. } $39.50. 
_ -NIHOUL, J. C. J. (ed.). Marine Turbulence. Proceedings of the ijth International Liège 
= Colloguium on Ocean Hydrodynamics. Elsevier Oceanography Series, 28. Pp. 378. ISBN 
0-444-41881-4, (Elsevier: 1980.) $58.50, Df. 120. 
LAMBECK, K. The Earth’s Variable Rotation: Geophysical Causes and Consequences. 
Cambridge Monographs on Mechanics and Applied Mathematics. Pp.xi +449. ISBN 

: 0-521-22769-0. (Cambridge University Press; Cambridge, 1980.) £35.00. 

DENNIS, A. S. Weather Modification by Cloud Seeding, International Geophysics Series. Vol. 

24. Pp.xv + 267, ISBN-O-12-210650-4. (Academic New York ~ London 1980.) np. 

KING, A. The State of the Planet. A Report prepared by the International Federation of 
Institutes for Advanced Study. Pp. xi + 130, ISBN 0-08-02471 7-2 Hbk ISBN-0-08-6247 16-4 flexi. 
$ (Pergamon Press, Oxford ~ New York, 1980) $22.00 £10.00 hardback $11.00 £5.00 flexi. 

NIHOUL, J.C. J. Marine Turbulence. Proceedings of the 1 1th International Liège Colloquium 
on Ocean Hydrodynamics. Elsevier Oceanography Series, 28. Pp. xii + 378. ISBN 0-444-4188 1-4. 
(Elsevier 1980.) US$58.50 Df. 120.00. 

PEARSON, R. C. Mineral Resources of the Indian Peaks Study Area, Boulder and Grand 
Counties, Colorado. Geological Survey Bulletin 1463. Pp. vii + 109 (United States Government 
Printing Office; Washington, 1980.) np. flexi. . 

.__TATSCH, J. H. Coal Deposits: Origin, Evolution, and Present Characteristics. Pp. viji + 590. 

a ISBN 0-912890-13-4. (Tatsch Assoc, Sudbury, Mass, 1980) $156,000. 



















Biological Sciences 


(eds) Aquatic Oligochaete Biology. Pp.ix + 529. ISBN 
g0. 


AN, J.F. and MARSHALL, K.E. {eds} Advances in Ephemeroptera Biology. 
ISBN 0-306-40357-9, (Plenum 1980.) $49.50. 

ERMAN, R.H., COHN, R.M. and McNAMARA, P.D. (eds) Principles of Metabolic 
trol in Mammalian Systems. Pp.xix +669. ISBN 0-306-40261-0. (Plenum 1980.1 $35.00. 
RRETT. A. (ed.). The Physiology and Pathophysiology of the Skin. Vol.6. Pp. 1871-2155. 
12-380606-2. (Academic: London and New York. 1980.) £27.20; $63.00. 

e W.M. Jr. Zooplankton Community Analysis. Studies on a Tropical System. 
xX + 163. ISBN 3-340-90434-4, (Springer-Verlag: Berlin, Heidelberg and New York, 1979.) 
9 approx, US $27.50. 

MUGHLIN, P.A. Comparative Morphology of Recent Crustacea, Pp.xii+ 177. ISBN 
67-1121-4. (W.H. Freeman and Company: San Francisco, 1980.) £12.70, 

OLETTI, R. and KRITCHEVSK Y, D. (eds). Advances in Lipid Research Voi. I7. Pp. 308. 


0-12-02-024917-0. (Academic: 1980.) $3). 
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RZOSKA, F. Euphrates and Tigris, Mesopotamian Econolgy and Destiny. Monographiae 
Biologicae Vol. 38. Pp. 122. ISBN 90-6193-090-1.¢W. Junk: The Hugue, 1080.) Dutch Guides 
60, $31.80, . 

TURK, F. L. Delayed Hypersensivity. 3rd Revised Edn. Research Monographs indmimnunolagy 
Vol. L Pp. 308. ISBN 0-80163-4. (Elsevier North-Holland Biomedical: 1986.) $85.74, OTL. 

WILSON, B. W. {introductions by}. Readings from Scientific American: Birds. Pp. 276. Hok 
ISBN 0-7167-1206-7; pbk [SBN 0-7167-1207-5. (W. H. Freeman: 1980.) Hbk £16.60: pbk £408). 

HARDING, K. A. and WELCH, K. R. G. Venomous Snakes of the World: A Checklist. Pe, 
188. ISBN 0-08-025495-0, (Pergamon: 1980.) 338, £17. j 

HODGSON, E.. BEND, J. R. and PHILPOT, R. M. (eds}. Reviews in Biochemical Toxicology 
Vol. 2. Pp. 299, ISBN 0-444-00386-X. (Elsevier /North Holland: 1980,4 834. a 

HUDSON, H. J. Fungal Saprophytism. 2nd Edn. The Institute of Biclogy's Studies in Biology 
No. 32. Pp. 75. Flexi ISBN Q-7131-2792-9. (Edward Arnold: 1980.) £2.75. 

HUI-LIN LI fet alj Flora of Taiwan. Vol. 3. Pp. 1000. (Epoch Publishing: Taipei, Taiwan, 
1980.) Np. 

KANIZA, G. Organisation in Vision. Essays on Gestalt Perception. Pp. 267. [SBN 
03-049071-5. (Holt-Saunders: 1979.3 £16.75, 

McCORMICK, D. B. and WRIGHT, L. D. (eds). Vitamins and Cocnayimes Part E. Methods in 
Enzymology Vol. 66. Pp. 755. ISBNO-12-181966-3. (Academic: 1980,} $54. 

McCORMICK, D. B. and WRIGHT, L. D. feds). Vitamins and Coenzymes Part F, Methods in 
Enzymology Vol. 67. Pp, 579. ISBNO-12-181967-1, (Academic: 1980, )$49,50. 

MACDONALD, D. W. Rabies and Wildlife: a Biologist’s Perspective. Pp. 151. Hbk ISBN 
0-19-857567-X; pbk ISBNO-19-857576-9. (Oxford University Press: 1980.) Hbk £10: pbk £3.98. 

MACLEOD, R. M. and SCAPAGNINI, U. (eds). Central and Peripheral Regulation of 
Prolactin Function. Pp. 394. ISBN 0-89004-489-9. (Raven: 1980.) $36. 

MENNEMA, J., QUENE-BOTERENBROOD, A. J. and PLATE. C. L. (eds), Atlas of the 
Netherlands FLora. t.Extinct and very rare species. Pp. 226. ISBN 90-6193-605-5, (W. Junk: 
1980.) Dutch guilders 125, $65, 

NOVER, L., LYNEN, F. and MOTHES, K. (eds). Cell Compartmentation and Metabolic 
Channeling. A Leopoldina symposium on the structural and functional organization of cells as a 
prerequisite of life. Pp. 523. ISBN 0-444-80150-2. (Elsevier / North-Holland Biomedical: 1980.) 
$65, Df. 133. 

PUNT, W. and CLARKE, G. C. S, The Northwest European Pollen Flora, H. Parts 8-20. Pp, 
265. ISBN 0-444-41880-6. (Elsevier: 1980.) $63.50, DA. 130. ; 


DARNALL, D. W. and WILKINS, R. G. ieds}. Methods for Determining Metai lon 
Environments in Proteins: Structure and Function of Metalioproteins, Advances in Inorganic 
Biochemistry Vol. 2. Pp, 324. ISBN 0-444-00349-3, (Elsevier/ North Holland: 1980.9829.50. 

EISEN, M, Mathematical Models in Cell Biology and Cancer Chemotherapy. Leene Notes in 
Biomathematics Vol. 30. Pp. 431. Flexi ISBN 3-540-09709-0. (Springer: 1979, ) DM 49,921 40. 

GROSS, E. and MEIENHOFER, J. {eds}. The Peptides; Analysis, Synthesis, Biology. Val. 2, 
Special Methods in Peptide Synthesis, Part A. Pp. $96. ISBN 0-12-304202-X. (Academic: 1980: 
$55, 

BEACHEY, E. H. (ed.)}. Bacterial Adherence. Receptors and Recognition Series B Volume 6. 
Pp. xii + 466, ISBN 0-412-21730-9. (Chapman & Hall: — Andover, 1980.) £2740. 

COKELET, G. R., MEISELMAN, H. J. and BROOKS, D. E. feds). Erythrocyte Mechanics 
and Blood Flow. The KROC Foundation Series Volume 13. Pp. xiii + 285. ISBND-8454 AGB -2. 
(Alan R. Liss: ~~ New York, 1980.) $30.00 (Available in Europe, United Kingdom andthe Middle 
East exclusively from European Book Service, Flevelaan, 36-38, P.O.B. 124, 1380 AC Wees, 
Holland.) Df.90.00 

EDWARDS, N. A, and HASSAL, K. A. Biochemistry and Physiology of the Cell, An 
introductory text. Second edition. Pp. xv + 488. ISBN 0-07-084097-0. (MeCiraw-Hill Book 
Company (UK) Limited: Maidenhead, 1980.) £7.95 flexi. 

GRIFFITHS, D. J. Urodynamics. The Mechanics and Hydrodynamics of the Lower Urinary 
Tract. Medical Physics Handbooks 4. Pp. ix +129. ISBN 0-85274-507.9. {Adam Hilger Lad: 
Bristol. 1980) £11.95, 

MURRAY, D. A. (ed.}. Chironomidae: Ecology, Systemics, Cytalogy and Physiology. 
Proceedings of the 7th International Symposium on Chironomidae, Dublin, August, 1979, Pp. 
xx + 354. ISBN 0-08-025889-}. (Pergamon: 1980) $60.00 £26.50, 

PRIMROSE, S. B., DIMMOCK, N. J. Introduction to modern virology, Basic microbiology 
volume 2. Second edition. (1980.) £5.25. 

TOOZE, J. (ed.). DNA Tumer Viruses. Molecular Biology of Tumor Viruses: Second edition, 
Part 2. Cold Spring Harbor Monograph Series. Pp, ix + 958. [SBN 0-87969.1 26-4, iClold Spring 
Harbor Laboratory: New York, 1980.) $55.00 USA, $66.00 elsewhere. 
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488. ISBN O-12-364464-%., (Academic: 1980.) $36.50. 

BRADY. N. C. (ed.) Advances in Agronomy Vol. 31. Pp. 315. ISBN 0-12-000731-2. 
(Academic: 1980.) $32.50. 

DUNCAN, T. A Taxonomic Study of the Ranunculus Hispidus Michaux Complex in the 
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HADDAD. H. M. ted.) Metabolic-Padiatric Eye Disease. Proceedings of the Third 
Symposium of the International Society on Metabolic Eye Disease and The First Symposium of 
the International Society of Pediatric Ophthalmology, Kyoto, Japan, May, 1978. Pp. vi+ 234, 
ISBN 0-08-024-94-07. (Pergamon: 1980.) $45.00 £20.00. rene 
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